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LIGHT SYSTEM

Cross-Reference to Related Application

80031 This application claims priority under 35 USC §11%{e) from U8, Provisional
Patent Applications Serial Nos. 62/189,202 and 62/233,028, respectively filed on July 6,
2015 and September 25, 2015, the disclosurss of which are incorporaied herein by

refergnce in their entirely.

Field of the Invention

{80621 The present invention relates to a light system, and more particudarly, to a hight

system that selectively permils and prevents the passage of light therethrough.

Backeround of the Invention

{8083] Blinds and window coverings help control how much of the sun’s Hght and heat
enter people’s homes, while providing privacy and decor. Traditional solutions have many
maoving parts, are fragile, and only block some of the light, some of the time, Automated
sclutions can be bulky, slow, loud, and expensive, and still are not entirely effective.
Installing newer, transparent LCD smart windows requires replacement of the entire
window, and such LCD smart windows have Hmited color capability. Better solutions for
covering windows or selectively permitting and preventing passage of light through a

device in other locations are desirable.

Surmnary of Embodiments of the Invention

B804} The aspects of the present invention are achicved by providing a system,
including: a power source, a2 multi-layer device, and an elecironic controller. The multi-
tayer device is connected to the power source and has two sides: a viewing side and g
second side opposite the viewing side. The multi-layer device permits or prevents light to
pass therethrough from the second side toward the viewing side, The malti-layer device
includes: a coloring layer group having a plurality of pixels, sach pixel having at least
three sub-pixels corresponding to different colors; and a shutier laver group having a
unigue sub-pixel shutier corresponding to each sub-pixel of the coloring layer group. The
electronic controller is connected to the power source and the nwlti-layer device, and is
adapted to control each sub-pixel shutier to selectively permit or prevent passage of an
amount of light therethrough; and control each combination of sub-pixel shutter and

corresponding coloring layer sub-pixel to produce pixels on the viewing side that can be
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any of opaque black, at least substantially opague white, at least substantially opague

color, transparent, transpsrent white, and transparent color.

{0005] Additional and/or other aspects and advantages of the present invention will be set

forth in the description that follows, or will be apparent from the description, or may be

learned by practice of the invention.

Brief Description of the Drawines

{3066} The above and/or other aspects and advantages of embodiments of the invention

will be more readily appreciated from the following detailed description, taken in

compunciion with the accompanying drawings, in which:

Figs. 1 and 2 are legends for idemtifying cross hatchings used in this application to

consistently illustrate colors and elements using black and white drawings;

Fig. 3 is a diagram illustrating an additive coloring system;

Fig. 4 is g diagram illustrating three sub-pixels on a screen;

Fig. 5 is a diagram illustrating a pixel mixing the sub pixels of Fig. 4 on a retina;
Fig. 6 is a diagram ilustrating the perception of white from the pixel of Fig. §;

Fig, 7 is an exploded, cross-sectional diagram of a liquid crystal display (LCD)

assernbly on a sub-pixel level;

Fig. 8 is a diagram of an LCD assembly producing an opague white pixel;
Fig. 9 is a diagram of an LCD assembly producing an opague color pixel;
Fig. 1 is a diagram of an LCD assembly producing an opague biack pixel;
Fig. 11 is s diagram of an LCD assembly displaying an exemplary image;

Fig. 12 is an exploded, cross-sectional diagram of a see-through LCD assembly on

3 sub-pixel level;

pixel;

pixel;

pixel;

image:

Fig. 13 is a diagram of a see-through LCD assembly producing a transparent white
Fig. 14 is a diagravn of a see-through LCD assembly producing a transparent color
Fig. 13 is a diagram of a see-through LD asserbly producing an opague black

Fig. 16 is a diagram of a see-through LCD assembly displaying the exemplary
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Fig. 17 is an exploded, cross-sectional diagram of an organic light emitting diode
(OLED)} assembly on a sub-pixel level;

Fig. 18 is a diagram of an QLED assembly producing an opague white pixelh

Fig. 19 is a diagram of an OLED assembly producing an opague color pixel;

Fig. 20 is a diagram of an OLED assembly producing an opague black pixel;

Fig. 21 is a diagram of an OLED assembly displaving the exemplary image;

Fig. 22 is an exploded, cross-sectional diagram of a see-through OLED assembly
on a sub-pixel level;

Fig. 23 is 2 diagram of a see-through OLED assembly producing a transparent
white pixel;

Fig. 24 is a diagram of a see-through OLED assembly producin £ a transparent
color pixel;

Fig. 25 is a diagram of a see-through OLED assembly producing a black, half-
sttvered pixel;

Fig. 26 is a diagram of a see-through OLED assembly displaying the exemplary
image;

Fig. 27 is a block diagram of a system in accordance with an embodiment of the
present invention;

Fig. 28 is an exploded, cross-sectional disgram of a system on a sub-pixel level in
accordance with another embodiment of the present invention:

Fig. 29 is a diagram of the system of Fig. 28 producing a transparent white pixel;

Fig. 30 is a diagram of the system of Fig, 28 producing a transparent eolor pixel;

Fig. 31 is a diagram of the system of Fig. 28 producing an opague black pixel;

Fig. 32 is a diagram of the system of Fig. 28 producing a substantially opague
white pixel;

Fig. 33 is a diagram of the system of Fig. 28 producing a substantially opaque
color pixel;

Fig. 34 is another diagram of the system of Fig. 28 producing an opague black
pixel;

Fig. 35 38 s diagram of the system of Fig. 28 displaying the exemplary image;

Fig 36 is an exploded, cross-sectional dlagram of a system on g sub-pixel level in
accordance with another ernbodiment of the present invention;

Fig. 37 is a diagram of the system of Fig. 36 producing a substantially opaque

white pixel;
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Fig. 38 is a diagram of the system of Fig.
color pixel;

Fig. 39 is a disgram of the system of Fig.
Fig. 40 1s a diagram of the system of Fig.
Fig. 41 s a diagram of the system of Fig.

Fig. 42 is a diagram of the system of Fig.

PCT/US2016/041210

36 producing a substantially opague

36 producing an opaque black pixel;
36 producing a transparent pixel;
36 producing a transparent color pixel;

36 displaying the exemplary image;

Fig. 43 1s an exploded, cross-sectional diagram of a system on a sub-pixel level in
accordance with another embodiment of the present invention;
Fig. 44 is a diagram of the system of Fig. 43 producing a travsparent pixel;
Fig. 43 is a diagram of the system of Fig. 43 producing a transparent color pixel;
Fig. 46 is g diagrars of the system of Fig. 43 producing a transparent white pixel;
Fig. 47 is a diagram of the system of Fig. 43 producing an opague white pixel;
Fig. 48 is a diagram of the system of Fig. 43 producing an opague color pixel;
Fig. 49 is a diagram of the system of Fig. 43 producing an opague black pixel;
Fig. 50 is a diagram of the system of Fig. 43 displaying the exemplary image;
Fig. 51 is an exploded, croas-sectional diagram of a system on a seb-pixel level in
accordance with another embodiment of the present invention;
.52 15 a diggram of the system of Fig. 31 produging a transparent pixel;
. 53 is a diagram of the system of Fig, 51 producing a transparent color pixel;
. 54 is a diagram of the system of Fig. 51 producing a transparent color pixel;
3. 55 is a diagram of the system of Fig, 51 producing asubsinatially opsgue
. 56 is g diagrarn of the systers of Fig. 51 producing an opague color pixel;
. 57 is g diagram of the systers of Fig. 51 producing an opague black pixel;
. 38 is a diagram of the system of Fig. 51 producing a transparent while pixel;

Fig. 58 is a disgram of the system of Fig. 51 producing a substantially opague

white pixel;
Fig. 60 is a diagram of the system: of Fig. §1 producing an opague white pixel

Fig. 61 is a diagram of the system of Fig. §1 displaving the exemplary image; and

Figs. 62-67 iHustrate other embodiments of the present inveniion,

Detatled Descrintion of Embodiments of the Present Invention

{8087] Reference will now be made in detail to embodiments of the present invention,

which are lustrated in the accompanying drawings, wherein bke reference numerals
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refer to hike elements throughout. The embodiments described herein exemplify, but do

not limit, the present invention by referring to the drawings.

{B008] It will be understood by one skilled in the art that this disclosure is not limited in
its application o the details of constraction and the arrangement of components set forth
in the following description or iltustrated in the drawings. The embodiments herein are
capable of other embodiments, and capable of being practiced or carried out In various
ways. Also, it will be understood that the phraseology and terminology used herein is for
the purpose of description and should not be regarded as imiting. The use of "including,”
“comprising,” or "having” and variations thereof herein is meant to encompass the items
listed thereafter and equivalents thereof as well as additional items. Unless Hmited
otherwise, the terms "connected,” "coupled,” and "mounted,” and variations thereof
herein are used broadly and encoropass direct and indirect connections, couphings, and
mountings. In addition, the terms "connected” and "coupled” and variations thereof are
not resiricted to physical or mechanical connections or couplings. Further, terms such as
up, down, bottom, and top are relative, and are employed 1o aid iHustration, but are not

limiting.

{(089] Figs. 1 and 2 are keys or legends for identifying cross hatchings used in this

application to consistently ilhustrate colors and elements using black and white drawings.

{3018} Regarding the creation of coloy, the most familiar wethod is subtractive coloring,
in which colors are created by subtracting (sbsorbing) paris of the spectrum of light
present in ordinary white hight. This is accomplished, for example, by colored pigments or
dyes, such as those in paints, inks, and the three dye layers in typical color photographs

o flm.

{8611} In contrast, additive color is color created by mixing a number of different light
colors, with shades of red, green, and blue being the most common primary colors used in
an additive color system. The combination of two of these standard three additive primary
colors in equal proportions produces an additive secondary eolor, L., cyan, magenta or
vellow. More specifically, as shown in Fig. 3, if an area of red Hght 2 and an area of green
light 4 are partially overlaid, the overlapping area produces an area of yellow light 6,
Sumilarly, if an area of green light 4 and an area of blue lght 8 are partially overlaid, the
overlapping area produces an area of cyan light 10, and if an area of blue light & and an

area of red light 2 are overlaid, the overlapping aves produces an area of magenta light 12.
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{8812] Further, when the areas of red light 2, green Hght 4, and blue lght § are overlaid,

the overlapping area produces an ares of white light 14

{13 Ome example of additive color can be found in the overlapping projected colored
lights often used in theatrical lighting for plays, concerts, circus shows and night clubs,
Computer monitors and televisions are probably the most common examples of additive
coloring. If viewed with a sufficiently powerful magnifying lens, each pixel jn cathode
ray tube (CRT), liquid crystal display (LCD), and most other types of color video displays
is composed of red, green, and blue sab-pixels 16, 18, 20 (see Fig, 4), the lght from
which combines in various proportions to produce all the other colors ss well as white
and shades of gray. The colored sub-pixels do not overlap on the sereen, but when viewed
from s normal distance they overlap and blend on the eye's retina, as shown in Fig. S, and
yicld the same result as external superimposition. In this case (Fig, 6), the pixel 22 seen
on & human reting in Fig. 5, that is a resuli of the red, green, and blue sub-pixels of Fig. 4,

is perceived as a white pixel 24 in the human brain.

{6014] When mixing additive colors, resulis are often counterintuitive for those
accustomed to the subtractive color system (e.g., pigments, dyes, inks, and other
substances that present color to the eye by reflection rather than emission). For example,
in subtractive color systems, green is a combination of yellow and cyan. As previously
noted with respect to Fig. 3, in additive coloring, the combination of red and green yields
yellow. Additive color is a result of the way the eye detects color, and is not a property of
light iiself. There is a significant difference between a pure spectral vellow light, with s
wavelength of approximately 380 nm, and & wixture of red and green light. But both
stimulate the human eve in a similar manner, so that the difference is not detected, and

both are perceived as yelow lght.

{0815} On the market today, there are generally two categories of scroens available:
opaque amd see-through. Opaque screens are what most people have as TVs in their
homes or use day 1o day as computer monitors or celiphones. Often they use backlights to
areate vivid images. See-through screens are less common, though can be found in store
displays. Due to their see-through nature, a viewer can see through the colored image

being rendered on the see-through screen to objects and lights in the hackground.

{0016] One example of an opague soreen is 8 liguid crystal display (LCD) or LCD

assembly. The design, construction and operation of LCDs is well known to those of
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ordinary skill in the art. See, e.g., “Liguid-crystal display”,

hitps:/en. wikipedia.org/wiki/Liguid-crvatal_display {retrieved on Fuly 6, 2016) and

references cited therein, all incorporated hergin by reference. An LCT creates an even,
white Hght with its optics system and controls the particular amount of that Hght {or
huminance) that passive color filters using seb-pixel “shutter-like”™ mechanisms. These
sub~pixel shutters control the luminance values of colored sub-pixels, which in
combination create a single color vahie per pixel Fig. 7 15 an exploded diagram of a LCD
assembly on a sub-pixel level In more detail, as shown in Fig. 7, a backlight 26 produces

an even, white light 28, which enters a polarizing filter 30 to filter the Hight 28.

[8617] An example of the polanizing filier 30 includes a first polarizing layer 32, an
electrode 34 that drives a lguid crystal laver 36, and a second polarizing laver 38 that is
oriented to be orthogonal to the first polarizing layer 32, In operation, when the Hguid
fayer is un-powered {as shown in Fig. 7), the liguid crystals 40 form a helix and turn the
fight 28 ninety degrees. This turning aligns the light with the second polarizing layer 38,
and the light 2¥ is permitied to pass therethrough {0 a sub-pixel passive color filter 42,
which colorizes the light 28, The colorized light 28 then passes through a viewing side
substrate 44. Typically, the sub-pixel passive color filter would be red, green, or blue, and

a group of three (red, green, and blue} would together blend to form a pixel.

{118} If the electrode 34 powers the liquid crystal layer 34, the Hguid crystals align
tinearly and no longer tarn the Hght. The un-turned light cannet pass through the second
polarizing layer 38, and as & result, the sub-pixel is would show up as opagque black

through viewing side subsirate 44.

{60191 Put another way, the LU transforms a single lght source {26) into what appears
to be an even while rectangular glowing white surface. The optic system does two things
for the LCE, 1t provides a source of light and i provides white values. But it does not
render any wnage; it merely luminates it. As an analogy, the LCD optic svstem can be
thought of as a white piece of paper onto which an tmage is created. In this way, the

colors are pure.

{00207 Using sub- pixel size shutters, which are made of electronically conirolled Hauid
erystals {L.Cs) sandwiched between two polarized films with orientations %0 degrees to
one ancther, a precise amount of Hght can be permiited to pass through. The amount of

light is proportional o the amount of energy spplied to the LC. Sub-pixel color filters,
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which are typieally red, green and blue, are transparent and are each illuminated by the
light passing through the final polarizer. Their combined values together create a single

color value per pixel

{8021} The LCD has a lot of control over luminance and white values, as the backlight is
a very precise white color and very precise brightness. But there is no control over
opacity. The LCD is abways opague. The light from the sun cannot make it through the

back of the display.

{0822] Fig. 8 is a diagram of an LCD producing an opague white pixel. In Fig. &, the
backlight 26 is Hustrated as being in front of a background 46, and shows that the
backlight 26 (and thus, the LCDY) is opague. Tn this state, a group of three sub-pixel
polarizing filters 30 are un-powered , so the Hght passes therethrough to a group of red,
green, and blue passive filters 42, which together form a red, green, and blue pixel 48,
which mixes in 2 human eye to be perceived as an opague white pixel 48, The
hackground 46 is shown behind the sub-pixel polarizing filters and the sub-pixel passive
filters 42 for exemplary purposes to illustrate whether or not these slements are opaque n

a particular state,

{0823] Fig. ¢ is a diagram of an LCD producing an opaque color pixel. In this state, the
sub-pixel polarizing filters 30 corresponding o the red and biue passive sub-pixel filters
42 are powered, and thus, are blocking the Hght from passing therethrough. But the sub-
pixel polarizing filter 30 corvesponding to the green passive sub-pixel filter 42 is un-
powered , and therefore allows the light to reach and pass throu gh the green passive sub-

pixel filter 42 to form an opaque green pixel 48.

(6824} Fig. 10 is a diagram of an LCD producing an opague black pixel. In this state, all
three sub-pixel polarizing filiers 30 are powered, and thus block the fight, thereby

producing an opaque black pixel 48,

IBG25] Fig. 11 is a diagram of an LOD displaying an exemplary image. This exemplary
image shows fmage pixels that form a red ball with a lighter red upper portion 50, a
darker red lower portion 52, a shadow area 54, and a white highlight area 56 that
represents g reflection of the light that casts the shadow 54. The exemplary image also
shows the non-image pixel area 58. The exemplary image will be subsequently emploved
to compare and conirast images produced by different image producing systems, and s

shown o front of the background 46,
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{68261 For the LCE, all pixels are opague Thus, the non-image pixel area 38 and the
white highlight area 56 are opaque white, the lghter and darker red areas 50 and 52 are

opague red, and the shadow area 54 is opague black,

{8027} In a see-through LCD or LCD assembly, there is no even, white backlight; instead,
it uses natural or ambient light. As a resalt, when the sub-pixel shutiers are open to allow
light to reach the color filters, the colors can be distorted by what is directly behind them,
because the source of light is not a pure white backlight. For example, if a see-through is
placed on a window that looks out at a pine tree, for the image pixels that are aligned with
the pine tree from a viewer's perspective, those image pixels will be receiving light

reflected from the pine tree, thereby distorting the color of those image pixels.

{0028} See-through LCDs have less control over luminance because they rely on their
enviromments for a Hight source. Further, they only have partial control over opacity.
Darker colors are more opaque than lighter colors, and white is completely transparent or
clear. This is because polarizers block light, while color filters simple colorize the light
that is coming through. Thus, one would be able o see through the display more easily

when it is displaying lighter colors than when the colors are dark

{08281 Fig. 12 is an exploded, cross-sectional diagram of a see-through LCD assembly on
a sub-pixel level The see-through LUD assembly receives natural or ambient light 28
through a light receiving side substrate or rear substrate 0. The light then enters the aub-
pixel polarizing filter 30, which functions in the same manner as the sub-pixel polarizing
filter 30 of Fig. 7. In other words, when the sub-pixel pelarizing filter 30 is un-powered ,
the light 28 passes through, and when it is powered, the light 28 does not pass through.
Light 28 that does pass through the sub-pixel polarizing filter 30 passes through the

passive sub-pixel filter 42 and through the viewing side substrate 44.

140367 Fig. 13 is a diagram of a see-through LCD producing a transparent white pixel
{which in the attempt with a see through LCD results as completely transparent or clear).
In this state, a group of three sub-pixe] polarizing filters 30 are un-powered , so the
received light passes therethrough to a group of red, green, and blue passive flters 42,
which together form a red, green, and blue pixel 48, which mixes in a hurman eve to be

percetved as a completely transparent pixel 48,

{8031] Fig. 14 is a diagram of a see-through LCD producing s transparent color pixel In

this state, the sub-pixel polarizing fikers 30 corresponding to the red and blue passive
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sub-pixel filters 42 are powered, and thus, are blocking the received Hght from passing
therethrough. But the sub-pixel polarizing filter 30 corresponding to the green passive
sub-pixel filter 42 is un-powered , and therefore allows the recetved light to reach and

pass through the green passive sub-pixel filter 42 1o form a transparent green pixel 48,

{8032} Fig. 15 15 a diagram ofa see-through LU producing an opague black pixel. In
this state, all three sub-pixel polarizing filters 30 are powered, and thus block the Heht,

thereby producing an opaque black pixel 48,

{B833] Fig. 16 15 a diagram of a see-through LOD displaying the exemplary image. For
the see-through L.CE, all pixels are transparent except black pixels. Thus, the nou-image
pixel aren 38 and the white highlight area 56 are transparent white {which is completely
transparent or clear}), the lighter and darker red areas 50 and 52 are transparent red, and

the shadow area 54 is opague black.

{6634} In an organic light emitting diode (OLED) or OLED assembly, the colored sub-
pixels themselves illuminate and do not rely on a backlight for illumination. Additionally,
the colored sub-pixels have no need for sub-pixel shutters to achieve darker colors or
black; the intensity of the colored sub-pixels are merely wrned down or completely off by
an electronic controlier. This reduction in layers makes OLED assemblies thinner in depth
than typical LCE assemblies. The OLED assembly produces an image by modulating the
fuminance vatues of the red, green, and blug (RGB) sub-pixels per pixel. Generally, the
OLED sits directly in front of a black background or backplate. Like an LCD assembly,
the OLED assembly is completely opague and a viewer in front cannot see through the
backplate. The design, construction and operation of GLED assemblies is well known to

those of ordinary skill in the art. See, e.g., “OLED”, hitps://en wikipediz.org/wiki/OLED

{retrieved on July 6, 2016} and references cited therein, all incorporated herein by

reference.

1335] Fig. 17 is an exploded, cross-sectional diagram of an organic light emitting diode
{OLED) assembly on a sub-pixel level. As shown in Fig. 17, a light emiiting portion 62
emits light 64 both toward and away from the viewer. The light 64 emitted away from the
viewer is absorbed by a black backplaie 66. The Hght emitting portion 62 includes an
electrode driving an active coloving emitier 70, and a single layer polarizer 72. Light 64
emitted from the active coloring emitter 70 toward the viewer passes through the single

layer polarizer 72 and then through the viewing side substrate 74 toward the viewer.

10
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[B036] Fig. 18 is 3 disgram of an OLED assembly producing an opaqgue white pixel. In
Fig. 18, the backpiate 66 is illusirated as being in front of the background 46, and shows
that the backplate 66 (and thus, the OLED assembly} is opague. o this state, 2 group of
three sub-pixel active color emitters 70 are driven by the electrode 68 {o respectively emit
red, green, and blue sub-pixel Hght, which passes through the single layer polarizer 72 10

create an opaque white pixel 48,

{80371 Fig. 19 is a diagram of an OLED assembly producing an opaque color pixel. In
this state, the red and blue sub-pixel active emitters 70 are not driven by the electrode 68,
and therefore do not respectively produce red and blue light. The clectrode 68, however,
drives the green sub-pixel active emitter 70 to produce green light which passes through

the single layer polarizer 72 1o create an opaque groen pixel 48,

{8038} Fig. 20 is a diagram of an OLED assembly producing an opague black pixel In
this state, none of the active coloring emitters 70 are driven by the clecirode 68, and

therefore, do not produce light, which results in an opague pixel 48,

8839 Fig. 21 is a diagram of an OLED assembly displaying the exemplary image. As
with the LCD assembly, black white, and color are opague. In contrast to the LCD
assenibly, however, the non-image pixels are opague black. For the OLED assembly, all
pixels are opague. Thus, the non-image pixel area 8 is opague black, the white highlight
area 36 1s opagque white, the lighter and darker red greas 50 and 52 are opague red, and the

shadow area 54 is opague black.

(60441 In a see-through OLED, the colors themselves illuminate and do notrely on a
hacklight for ilumination. The OLED produces an image by modulating the luminance
values of the RGB subpixels per pixel The see-through OLED uses a half-silvered or
halfmivrored layer to partially conirol opacity. The halfsilvered layer does not render an
tmage. But the see-through OLED assembly is subject to unwanted transparency if what
is on the other side is brighter than the illuminated pixels themselves, A see-through

OLED assembly does not block hight at all.

{0041] In a see-through OLED, all colors emit light and are some percentage fransparent
by thetr nature. The transparency becores more noticeable when there is a Hghi source of
sirpilar or greater intensity than the OLEDs themselves, on the other side of the half-

stivered substrate. In other words, see-through OLED technology has more control over

11
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luminance, but less control over opacity. The typical see-through OLED actaally gets

clearer as the color values and haminances (per pixel) approach black,

{B842] Tig. 22 15 an exploded, cross-sectional diagram of a see-through OLED assembly
on a sub-pixel level. As shown i Fig. 22, a light emitting portion 76 emits light both
toward and away from the viewer, and natural or ambient Hight enters through the half-
silvered layer 88, which also reflects the emitied light from the light emitting portion 76,
Accordingly the light 82 between the half silvered layver 80 and the light omitting portion
76, as well as what is transmitied through fo the viewer, is 2 mixture of natural or ambiens

light 78 and the emitted Light.

{8043] The light emitting portion 76 is substantially the same as that in the OLED
assembly, and mcludes an electrode 84 driving an active coloring emitter 86, and a single
layer polarizer 88, The mixed light 87 passes through the single laver polarizer 88 and

then through the viewing side substrate 88 toward the viewer.

{0044] Fig. 23 is a diagram of a see-through OLED assembly producing a transparent
white pixel. In this state, In this state, a group of three sub-pixel active color emitters 36
are driven by the electrode &4 to respectively emii red, green, and blue sub-pixel light,
which mixes with the natural or ambient light and passes through the single layer

polarizer 88 to create a transparent white pixel 48,

- {B045] Fig. 24 15 a diagram of a see-through OLED assembly producing 2 transparent
color pixel. In this state, the red and blue sub-pixel active emitters 86 are not driven by
the elecirode 84, and therefore do not respectively produce red and blue hight, The
electrode 84, however, drives the green sub-pixel active emitter 6 to produce green light
which mixes with the natural or ambient light passes through the single layer polarizer 88

to create a transparent green pixel 48,

{3846} Fig. 25 is a diagram of a see-through OLED assembly producing a “black,” half-
stivered pixel. In this state, none of the active coloring emitters 86 are driven by the
electrode 84, and therefore, do not produce light, but the natural or ambient lght passes
through the halfesilvered layer and the single polarizing layer 88 which results in an

transparent, halb-silvered “black” pixel 48.

{06471 Tig. 26 is g diagram of a sce-through OLED assembly displaying the exemplary
tmage. None of the pixels are opague. the non-image pixel area 38 is comoprised of non-

emiited, half-silvered pixels, the same as the shadow area 54, The white highlight area is

12
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transparent white, the half-sibvered the lighter and darker red areas 30 and 52 are

reapectively lghter and darker fransparent ved.

86481 The following table summarizes characteristics of 1LCDs, see through LODs,

OLEDs, and see-through OLEDs,

Nen-image . Non-image

FAAAENIRELL S ]

. .. ; imags Pixel -
Device msage Pixe! Qpacity Pigel | “‘g“"“‘"“"‘ Pixal
s : Luminance .

Opacity R Luminance

D Always opague Always Self-amitting: | Seif-emitting:

’ opague total control total control

Gae Only opague whan 100% black. Other Always Environmenta! | Mo luminance

colars are some % transparent, Cannot effectivaly : {Luminance =

through e

D display white. fransparent | Lessthan total | O) Transpsrent

control

OLED Abways opaque Always Seif-emitting: | None {black

Qragus total control back plate}

Seo {olor Black White Transparent | Ervironmental | No luminance

’ + Sk {Luminance =
through | Some % Fully Some % emitting: U} Transparent

- transparent | transparent | trangparant Lags than toial

CLED ? E v !

control
Table 1

{0049] Fig. 27 is a block diagram of a system 100 in accordance with an embodiment of

the present invention. As shown in Fig. 27, the aystem 100 includes a power source 102,

an electronic controlier 104, and & multi-layer device 106, Preferably, the electronic

controlier 104 takes the form of a microprocessor-based control system with appropriate

software programming, as known to those skilled in the art.

19858} Preferably, the power source 102 is a transparent photovoliaic layer to harvest

solar energy to power the device, in combination with batiery siorage. According to other

embodiments, a transparent photovohtaic layer alove, a non-transparent photoveoltaic cell,

one or more batteries, or an AC power source can be used without departing from the

scope the present fuvention. Additionally, combinations of these power sources can be

emnployed without departing from the scope the present invention.

{8653 The multi-layer device 106 has a viewing side and a second side opposite the

viewing side. The multi-layer device 106 permits or prevents light to pass therethrough

from the second side toward the viewing, and includes at least a coloring layer group 108

and a shutter layer group 110,
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{0852] According to one embodiment, the coloring layer group 108 has a plorality of
pixels, each pixel having at least three sub-pixels corresponding to different colors, and
the shutter layer group 110 has a unique sob-pixel shutier corresponding o each sub-pixel
of the coloring fayer group 108, In this embodiment, the electronic controlier 104, which
is connected to the power source 102 and the multi-layer device 106, controls each sub-
pixel shutter to selectively permit or prevent passage of an amount of Hight therethrough.
The electronic controlier 104 also controls control each combination of sub-pixel shutter
and corresponding coloring layer sub-pixel to produce pixels on the viewing side that can
be any of opague black, at least substantially opague white (subseguently described in
greater detail), at least substantially opaque color (subsequently described in greater

detail}, transparent, transparent white, snd transparent color,

{853} According to another embodiment, the coloring layer group 108 has a plurality of
pixels, each pixel having at least one sub-pixel corresponding to a color, and the shutter
tayer group 110 has a unique sub-pixel shutter corresponding to each sub-pixel of the
coloring layer group 108, In this embodiment, the electronic controlier 104 controls each
sub-pixel shutter to selectively permit or prevent passage of an amount of light
therethrough. The electronic controlier 104 also controls each combination of sub-pixel
shutter and corresponding coloring layer sub-pixel to produce pixels on the viewing side

that can be any of opaque black, at least substantially opague color, and transparent,

{0854} According to another embodiment, the multi-layer device also includes a diffusing

layer group {subsequently described in greater detail) 112,

[B055] Fig. 28 is an exploded, cross-sectional diagram of a system 114 on 3 sub-pixel
level in accordance with another embodiment of the present invention. In this
embodiment, there is no backlight. The system 114 uses natural or ambient light. In
addition to passing through sub-pixel shutters and passive color filters, Hght also passes
through a pixelated diffusing layer group. The pixelated diffusing layer group controls
whether the light passes through unatfected (pixel appears clear) or is scattered and
appears substantiaily opague white,

{04536] This embodiment has less control over luminance than a LU, as it relies on light
in its environment, like a see-through LCD, But this embodiment has substantial control
over its opacity: opague black, substantially opague white, or substaniially opague color

pixels can be present next o ransparent pixels.
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{08571 When used to block light through a window, the present embodiment uses the sun
as its primary light source, instead of a backlight as in 8 LCD’s optic system. But this
embodiment can be used to block other light sources as well. For example, hight from a
projector, laser light, or an LED light bar, 10 name a few. In other words, this embodiment

is not necessarily employed in conjunction with a window.

{8858} In more detail, as shown in Fig. 28, the system includes a diffusing tayer group

116, a polarizing filter 118, a coloring laver group, and 8 viewing side substraie 122,

[B8859] The diffusing layer group 116 helps to control the opacity and white value of the
system 114, The diffusing layer group 116 achieves opacity values from completely
transparent to diffuse white on a sub-pixel basis. In one embodiment, the diffusing layer
group 116 achieves this using the electronic controller 104 and 4 polymer dispersed Hguid
crystal (PDLC),

{6860} “Privacy glass” is a phrase used in industry to describe windows that employ
PDLCs and electronic controliers to make & window change from transparent to
substantially opagque (usually white}, and back sgain. Although in indusiry, the second
state is referved to as “opague,” but is actually substantially opague, or what could be
deemed transhicent, not truly opague. This is because in a powered state, an eleciric field
in the PDLC orients the liquid orystal molecules to permit Hght fo pass therethrough, but
in an un-powered state, the crystals are not so oriented, and instead, scatier light so that
the PDLC no longer appears clear. Some of the scattered Hght may pass through the
PDLC in a viewing direction, and thus, the PDLC does not completely block Light from
passing therethrough. In other words, ght passes through the PDLC, but the viewing side
of the PDLC s not transparent. In this application, this is referred to as “substantially
opague”. Stmilarly, a5 used in this application, the phrase “at least substantially opague”
means a range from substantially opague to completely opague, in which lght is blocked.
{0061] When a white PDLC is used in combination with the other layer groups, the
pixelated diffuser layer functions o bring substantially white values io the resulting
image. In color terms, this laver tints the image.

{0062} As shown in Fig. 28, the diffusing layer group 116 includes at least a rear or light
receiving side substrate 124, and an electrode 126 controtled by the electronic controller
104 1o drive a white polymer dispersed Hauid cryvstal (PDLC)Y 128, The PDLC 12

includes g polymer 130 with liquid crystal molecules dispersed in the polymer 132
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According to one embodiment, the diffusing layer group 116 also includes a prism laver

134 downsirsam of the white PDLC.

{0063} In ancther embodiment, rather than a PDLC, the diffusing layer group includes a
suspended particle device (SPD) disposed on a substrate. An SPD is a thin film laminate
of rod-like nano-scale particles is suspended in a Houid and placed between two pieces of
glass or plastic, or attached to one laver. When no voltage is applied, the suspended
particles are randomiy organized, thus blocking and absorbing light. When voltage is
applied, the suspended particles align and let lght pass. Varying the voltage of the film
varies the orientation of the suspended particles, thereby regulating the tint of the glazing
and the amount of light transmitied. See, e.g., “Smart Glass” at

https://en wikipedia. org/wiki/Smart_glass (retrieved on July 6, 20168) and references cited

therein, all incorporated berein by reference.

HHIg4] According to one embodiment, the polarizing filter 118 includes a shutfer layer
group 118, including a first polarizing layer 136, an electrode 138 controlied by the
electronic controller 104 to drive a liquid crystal layer 140, and a second polarizing layer
142 that is oriented to be orthogonal to the first polarizing layer 136, In operation, when
the liquid crystal layer is un-powered (as shown in Fig. 28), the Hguid crystals form a
belix and turn the light ninety degrees. This turning aligns the light with the second
polarizing layer 142, and the light is permitted to pass therethrough to a passive sub-pixel
color filter 120 (coloring layer group 120), which colorizes the light, The colorized light
then passes through the viewing side subsirate 122, Preferably, the sub-pixel passive color
filier would be red, green, or blue, and a group of three (red, green, and blue} would

together blend to form a pixel.

{0065] Fig. 29 is a diagram of the systemy 114 of Fig. 28 producing a transparent white
pixel. In this state, each of the three sub-pixel PDLCs of the diffusing layer group 116 is
powered, and therefore permits to pass therethrough. In the polarizing filter 114, sach of
the three sub-pixel shutters 11€ is un-powered , therehy permitting light to pass
therethrough, and the Hght passes respectively through the passive sub-pixel color filiers

128 1o produce 8 transparent white pixel 48,

ji66] Fig. 30 1s a dingram of the system 114 of Fig. 28 producing a transparent color
pixel. In this state, each of the three sub-pixel PIYLCs of the diffusing laver group 116 is

powered, and therefore permits ©© pass therethrough. In the polarizing filter 118, the red
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and blue sub-pixel shutters 118 are powered, therghy blocking lght, but the green sub-
pixel shutter 118 is un-powered , thereby permitiing Hght to pass therethron gh, and the
light passes through the green passive sub-pixel color filter 120 to produce a transparent

green pixel 48,

{8867} Fig. 31 is a diagram of the system 114 of Fig. 28 producing an opague black pixel.
In this state, each of the three sub-pixel PDLCs of the diffusing tayer group 116 s
powered, and therefore permits to pass therethrough. But each of the three sub-pixel
shutters 118 are powered, thereby blocking light from passing therethrough. Therefore no

light reaches the sub-pixel color filters 120, and an opaque black pixel 48 is produced.

[#468] Fig. 32 is a diagram of the system 114 of Fig. 28 producing a substantially opague
white pixel. In this state, each of the three sub-pixel PDYLCs of the diffusing layer group
116 is un-powered, and therefore scatiers the received light. In the polarizing filter 113,
each of the three sub-pixel shutters 118 is un-powered , thereby permiiting what lght
reaches it to pass therethrough, and that light passes respectively through the three passive

sub-pixel color filters 120 to produce a substantially upague white pixel 48,

{8068 Fig. 33 is a diagram of the sysiem 114 of Fig. 28 producing a substantially opague
color pixel. In this state, each of the three sub-pixsl PDILCs of the diffusing layer group
116 is un-powered, and therefore scatters the received lght. In the polanizing filter 118,
the red and blue sub-pixel shutters 118 are powered, thereby blocking fight, but the green
sub-pixel shutier 118 is un-powered , thereby permitting Hght to pass therethrough, and
the light passes through the green passive sub-pixel color filter 120 to produce a

substantially opaque green pixel 48,

{0876} Fig. 34 is another diagram of the system 114 of Fig. 28 producing an opague black
pixel. In this state, cach of the three sub-pixel PDLCs of the diffusing laver group 116 is
un-powered, and therefore scatters the received lght, But each of the three sub-pixel
shutters 118 are powered, thereby blocking light from passing therethrough. Therefore no
light reaches the sub-pixel color fiiters 120, and an opague black pixel 48 is produced.
{8671} Fig. 33 is a diagram of the system 114 of Fig. 28 displaying the exemplary image.
The non-image pixels 58 are transparent, the white highlight area 56 is substantially
opaque white, the lighter and darker red aress 50 and 52 are respectively lighter and

darker substantially opaque red, and the shadow area 54 is opague black.
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{5721 Fig. 36 dlustrates a system 144 including a rear or light receiving side subsirate
146, a polarizing filter or shutter layer group 148, a coloring layer group 150, and a
viewing side substrate 132. The polarizing filter or shutter layer group 148 is substantially
the same as the polarizing filter or shutter laver group 148 of system 114, and therefors,

further description is omitted for brevity,

{30731 Although most PDLCs are white PDLCs, colored PDLCs can be emploved, and
can produce diffused, or substantially opaque colors. Preferably in this embodiment, the
coloring layer group 150 is a coloring diffusing layer group 150, and includes a colored
PDLC 150, which is substantially the same as the PDLC 128 of system 114 except that
the PI3LC 150 is colored, not white. Therefore, further description of the PDLC 150 is

omitied for brevity,

{0074} In Fig. 37, each of the sub-pixel shutters 148 are un-powered, thereby permitting
tight to pass therethrough, and each of the sub-pixel colored PIYL.Cs {preferably red,
green, and blue} 150 are un-powered , and therefore scatters the received light and colors

the light that passes therethrough, producing a substantially opaque white pixel 48,

[0075] In Fig. 38, the red and blue sub-pixel shutters 148 are powered and therefore,
block hight, but the green sub-pixel shutter 148 is un-powered, and therefore permits light
to pass therethrough. In the coloring layer group 150, the red and green PDLCs 150 are
powered, thereby permitting hight to pass therethrough, but the green PDLC 150 is un-
powered, thereby scattering the received light and coloring the light that passes

therethrough green, producing a substantially opague green pixel 48.

{0476} In Fig. 39, all three of the sub-pixel shutiers are powered and therefore, block
light, so no light reaches the three powered PDLCs 150, producing an opaque black pixel
48.

{0877} In Fig. 40, each of the sub-pixel shutters 148 are un-powered, thereby permitting
tight to pass therethrough, and each of the sub-pixel colored PRLCs 150 are powered,

thereby permitting light to pass therethrough, and producing a transparent pixel 144

{0078} In Fig. 41, cach of the sub-pixel shutters 148 are un-powered, thereby permitting
light to pass therethrough, and the red and blue sub-pixel shutters are powered, therehy
permitting light to pass therethrough. But the green PDLC 150 is un-powered, thereby
seattering the received light and coloring the Hght that passes therethrough green,

producing a transparent green pixel 48
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[0079] Fig. 42 is 2 diagram of the system 144 of Fig. 36 displaying the exemplary image.
The non-image pixels 58 are transparent, the white highlight area 56 is substantially
opague white, the lighter and darker red areas 30 and 52 are respectively lighter and

darker substantially opaque red, and the shadow area 54 s opague black,

{0088 Fig. 43 is an exploded, cross-sectional diagram of & system 152 on a sub-pixel
level in accordance with another embodiment of the present invention. The system 152
includes a rear or light receiving side substrate 154, a polarizing filter or shutter layer
group 136, a coloring layer group 158, and a viewing side substrate 160, The polarizing
filter or shutter layer group 156 is substantially the same as the polarizing filter or shutter

layer group 148 of system 114, and therefore, further desoription is omitted for brevity,

{8081 The coloring layer group 1358 preferably includes an electrode 160 controlled by

the electronic controller 104, The electrode 160 drives an active coloring emiiter 162, and
the coloring laver group 158 also preferably includes a single layer polarizer 164 disposed
on the viewing side of the active eoloring emitter 162. Most preferably, the coloring layver

group 158 includes an GLED.

130821 In the state depicted in Fig. 44, cach of the sub-pixel shutters 156 of the shutter
tayer group 156 are un-powered, thereby permitting received Hght to pass therethrough,
and each of the sub-pixel emitters 158 of the active coloring layer group 158 is un-
powered, thereby not producing colored light. This configuration results in a transparent

pixel 48,

{0083} In the state depicted in Fig. 45, sach of the sub-pixel shutters 156 of the shutier
layer group 136 are un-powered, thereby permitting received light to pass therethrough.
The red and blue sub-pixel emitters 158 are un-powered, thereby not producing any lght.
The green sob-pixel emitter 138, however, is powered and emitting green light, therehy
producing a transparent green pixel 48,

{3084} In the state depicted in Fig. 46, cach of the sub-pixel shutters 156 of the shutter
layer group 156 are un-powered, thereby permitting received Hght to pass therethrough,
and each of the sub-pixel emitters 158 are powered, thereby respectively emitting red,
green, and blue light and producing a transparent white pixel 48,

{0085} In the state depicted in Fig. 47, cach of the sub-pixel shutters 156 of the shuiter

layer group 156 are powered, thereby blocking received light, and each of the sub-pixel
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eroitters 158 are powered, thereby respectively emitting red, green, and blue Hght and

producing an opaque white pixel 48,

{B086] In the state depicted in Fig. 48, each of the sub-pixel shutters 156 of the shutter
layer group 156 are powered, thereby blocking received light, and the red and blue sub-
pixel emitters 158 are un-powered, thereby vot producing any light, But the green sub-
pixel emitter 158 is powered and emitting gresn light, thereby producing an opague gresn

pixel 48,

{0087] In the state depicted in Fig. 49, each of the sub-pixel shutters 156 of the shutter
layer group 136 are powered, thereby blocking received light, and each of the sub-pixel
erpifters 138 are un-powered, thereby not producing any Hght. This combination produces

gn opaque black pixel 48,

{06881 Tig. 50 is g diagram of the system 152 of Fig. 43 displaying the exemplary image.
As preferably desired, the non-image pixels 58 are transparent, the white highlight area
36 is opague white, the lighter and darker red areas 50 and 52 are respectively lighter and

darker opaque red, and the shadow area 54 is opaque black.

{66891 Fig. 51 is an exploded, cross-sectional diagram of g system 166 on a sub-pixel
fevel in accordance with another embodiment of the present invention. The system 166
inciudes a rear or light receiving side substrate 168, a polarizing filter or shutter layer
group 170, an active coloring laver group 172, and a viewing side substraie 178, The
polarizing Hilter or shutter layer group 170 is substantially the same as the polarizing filter
or shutter layer group 148 of system 114, and therefore, further description is omitted for

bravity,

{00848} The coloring layer group 172 preferably includes both a coloring diffusion layver
group 174 and an active color emitting layer group 176, The coloring diffusion layer
group 174 is substantiglly similar to the previously-described coloring diffusing layer
group 130, and further description is omitted for brevity. Similarly, the sctive color
emitting layer group 176 is substantially similar to the previously-described coloring
layer group 158, and farther description is omitted for brevity,

{6021} In Fig. 52, the configuration of un-powered sub-pixel shutters 170, powered
PRLUs 174, and unpowered sub-pixel emitters 176 vields a transparent pixel 48, In Fig.
53, the configuration of un-powered sub-pixel shuiters 170, an un-powered green PDLC,

and unpowered sub-pixel emitters 176 yields g transparent green pixel 48. In Fig. 54, the
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configuration of an un-powered green sob-pixel shotters 1740, powered blue and red sub-
pixel shutters 170, powered PDLCs 174, and g powered green sub-pixel emitter with une

powered red and bive sub-pixel emitiers 174 also vields a transparent green pixel 48,

{B092] In Fig. 55, the combination of an un-powered green sub-pixel shutiers 170,
powered blue and red sub-pixel shotters 170, an on-powered green PDLC 174, and
uppowered sub-pixel emitters 176 yields a substantially opague green pixel 48, In Fig. 56,
the combination of powered sub-pixel shutiers 170, powered PDLCe174, and a powered
green sub-pixel emitter 176 vields an opague green pivel 48, In Fig. 57, the combination
of powerad sub-pixel shutters 170, powered PDLCs174, and unpowered sub-pixel

emitters 176 vields an opague black pixel 48,

{6093] In Fig. 58, the combination of un-powered sub-pixel shutters 170, powered
PDLCs 174, and powered sub-pixel emitiers 176 yields g transparent white pixel 48, In
Fig. 59, the combination of un-powered sub-pixel shutters 170, un-powered PDLCs 174,
and un-powered sub-pixel emitters 176 yields a substantially opagque white pixel 48, In
Fig. 60, the combination of powered sub-pixel shuiters 170, powered FI3LCs 174, and

powered sub-pixel emitiers 176 vields a opague white pixel 48,

{0094} Fig. 61 is a diagram of the system of Fig. 51 displaying the exemplary image. As
preferably desired, the non-image pixels 58 are transparent, the white highlight area 56 is
opague white, the lighter and darker red areas 30 and 52 are vespectively lighter and

darker opaque red, and the shadow area 34 is opaque black.

{B8095] Cther methods can be used in a shutier blocking laver group, such as
glectrochromic technology, SPDs, microblinds, and nano-crystals, as would e understood

by one skilled in the art given the information described in this application.

396] Other embodiments of the present invention are shown in Figs. 62-67. According
o one embodiment, as shown in Fig. 62, the inventive window covering system 300 includes
three primary compounents that work together: a smoart housing 302; 2 multi-layered, self-

adhesive window rounlti-layered device 304; and an intuitive control wand 306

[B497] According o one embodiment, the housing 302 1s made of exiruded aluminum,

but one skilled in the will anderstand that other materials can be used withowt departing from
the present invention’s scope. The housing 302 includes the brain of the systern that connects
the nuiti-layered devices o 2 user. According o one embodiroent, the housing 302 inciudes a

memory, a processer, and tnput and output controliers. Preferably, the system 300 uses Wi-¥i
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ts connect to other devices, such as smart phones tablets and other computing devices. One
skilled in the art will appreciate, however, that other commnunication means can be employed
without departing from the present invenfion’s scope. For example, wired connections,
Bluetooth, or other wireless connonication means can be employed. Because the system can
commmnicate with multipie devices, this communication provides greater control over the

multi-lavered device’s appearance and setiings, even remeately,

{80981 In one embodiment, the bousing 302 inchudes an array of rechargeable batteries
308 that store the solar energy hamessed by the mulii-layered device 304 to power the svstem
300 at night. In one embodiment, the systero can be connecied o a buildings power grid, and
the batteries 308 could also be used 1o assist in everyday power consumption. According to
one embodiment, the housing 302 has 2 mimimal design aesthetic that allows it 1o blend

seamlessly into any style environmoent,

(66991 Preferably, the multi-layered device 304 includes several thin film layers. A
transparent photoveltaie layer 310 is positioned against the window and captures the sun’s
energy o charge the batteries 308, Two interior layers of the multi-layered device 304 utilize
two different liguid crystal techneologies: a transparent LCD 312 and a pixelated LC Dnffuser
314. Together these two layers 312 and 314 enable the system 300 to go from being perfectly
transparent to blackout, through grayscale and full color, thereby allowing for endless control
over the appearance of the window, Additionally, it is preferable for one of the multi-layered
device’s layers, for example, the transparent photovoltaic layer 310 to include an adhesive for

attaching the multi-lavered device 304 to a window.

{60108] The fourth layer 316, which faces the interior of a room, is a protective layer that
bas a cut safe zone 318, which allows a user or installer (hereinafter referved to as a user for
brevity) to cut the mulii-layered device 304 and custom fit the multi-lavered device 304 1o a
given window. According o one embodiment, the cut safe zone 318 is located only on the
perimeter of the multi-layered device 304. In yet another embodiment, only a portion the
perimeter of the mulii-layered device 104 includes the cut safe zone 318, According to
another embodiment, one or more cut safe zoves can also be located within a central portion

of the multi-layered device 304,

{00181] The system 300 is designed {0 be sasy to install. A reversible mount can be
attached to either a wall or a ceiling, or to window casing, by any fastening technology, such

as sorews, natls, or gdhesive. Preferably, the housing 302 is self locking with respect 1o the
¥ &
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mount and, subsequent to securing the mount, ooly requires a user to press the housing 302

into the mount to secure the housing 302.

{00182]  The cut safe zone 318 allows the self-adhesive multi-layered device 304 to be
instafled onto the glass pane, edgs to edge, without any light leaks. Once the multi-layered
device 304 and the housing 302 are nstalled, a ribbon cable 320 is plugged directly into a
port 322 on the multi-layered device 304 to connect the mudti-layered device 304 with the
housing 302. For windows that open, where for example, there is a fop stationary window and
& lower window that opens, according to one embodiment, the ribbon cable 320 can auto
retract and spool within the body of the housin 2 302 to ensure that the connection 1s not
broken . Additionally, nultiple systems 300 can be grouped by linking the respective
housings together, allowing them to be controlied from a single control wand 306 or other
device (such as the aforementioned smart phone, tablet, or computer). According 1o one
embodiment, the respective housings are wired together, but one skilled in the art will
appreciate that wireless technologies, such as Wi-Fi and Bluetooth, can also be employed to

connect the housings without departing from the present invention’s scope.

00163} Designed to be familiar, the control wand 306 is connected i0 the housing 302
near an end of the housing 302, similar to the pusitioning of a rod (sometimes referred to as a
wand) that controls the rotation of conventional horizontal blinds, Preferably, the control

wand 306 includes a faceted grip,

{00104] The functioning of the control wand i3 alse degi gned to be familiar. According to
one embodiment, the control wand 306 is connected to the housing 302 such that twisting the
conirol wand 306 controls the opacity of multi-layered device’s image. The Opacity can vary

from completely blacked out to partially fransparent, o transparent.

[G8165]  In addition, according to one embodiment, the control wand 306 is touch
sensitive. Preferably, the control wand is capacitive, For example, the control wand is
preferably connected to the housing 302 such that the user can shide his or her finger or
fingers up and down on the capacitive wand 306 1o change the vertical position of the image
displayed on the multi-layered device 304. As a more specific example, one portion of the
multi-layered device 304 can display an opaque image while another portion of the multi-
layered device 304 displays a ransparent or semi-transparent image. If the user shides s or

her fingers up the control wand 306, the portion of the multi-layered device 304 displaving
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the opagque image decreases, and if the user slides their fingers down the control wand 106,

the portion of the nuwlti-layvered device 304 displaying the opague image increases.

{B0106]  For even yoore control, the system 300 effortiessly connects to a8 Wi-Fi or other
remote control device to offer customized settings. Such customized settings can inchide, but
are not Hmited to sutomated wakeups, variable moods, and vacation modes. For example, the
interface on a tablet computer, smart phone, computer, or the like can be employed to adjust
pattern and color displayed on the multi-layered device 304 (o create customized and inspired

spaces that set the perfoct mood by altering the color of the natural sunlight,

{003107]  In addition, the system 300 can be set to know when the user is away and to
activate an predetermined automated program fo change the multi-layered device’s display at
different times. The system 300 can also be set to wake the user up in the morning and relax
the user in the evening with sunrise and sunset routings. Further, when the system 300 is
connected to the user’s devices, the system 300 can alert the user to mestings and
appointments, calls, emails, and other important reminders. Preferably the system can also be
connected o a user’s home, for example, via a security system, and can alert the user to door

openings, whether the oven 18 on, and whether the dishwasher eycle is complete.

[00108]  In the suowner, the multi-layered devices 304 of the system 300 can appear more
opague o block light and heat from entering, and in the winter, the multi-layered devices 304
can appear more fransparent to use the availabie light and heat to Hlominate and warm the

space paturaily.

{B010% According to one embodiment, the system 30{ can he connected 10 current
weather data for its exact location, and can be set to constantly adjust the multi-layered
devices to allow in as much or as litile natural lght and heat from the sun as desired o help
maintain a desived temuperature, thereby offsetting the use of the building’s HVAC (Heating,

Ventilation, Air Conditioning) system,

{08118] By harvesting and storing solar energy o power itself] the system reduces the
power needs of the user’s home, efficiently saving the user time and money. The system’s
cost effective design slways works for the user. They systent’s minimal use of materials and
components means that it 1s lightweight and has a low shipping cost. Because the system 300

~

is energy independent, it quickly pays for jigelf
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{00111} In a workspace, the systerm can turn a board roowm into 2 presentation theater, use
alerts to keep a person informed and efficient, and maximize Hghting for optimal working

conditions.,

FHIEE2] oo retal] envirowment, the system can customize and guickly change out window
displays, provide blackout security when a store is closed, and streamline and optimize

advertising campaigns across muliiple stores simultaneously.

[1113]  Inan event space, the system can transform the space by providing curated,
cusiom imagery for any special gathering, transition and control light from day into the
evening, and engage guests with potential to control settings through their personal devices,

such as tablets and phones.

{00114]  In a residential setting, the system can fransform windows into custom canvases
for expression and design, intuitively contred light and heat in 3 space, and connect {0

personal and home smart devices for greater control and capability.

{00115}  Inrestaurants and bars, the system can transition decor throughout the day's
service ~ creating different moods for different menus, control natural light for the optimal
dining experience, and extend the establishment’s theme into an engaging active

environment.

[86116] In a healthcare environment, the system can provide optimized sunlight conditions
for patients, allow patients to customize their rooms and create a sense of warmth through
personalized messages and Images, and create custom soothing patterns and welcoming

ambient envirommments throughout the hospital or facility.

{00117} In hospitality environments, such as hotels, the system can provide full blackout
capabilities for jet lagged travelers to sleep effectively, give each room a unigue identity or
allow guests to customize to their choosing, and transition the hotel's decor seasonally
throughout the year.

[#0118]  In an educational environment, the sysiem can Provide optimal sunlight
conditions for focusing and learning, engage students with immersive patterns to tie to lesson
plans, and provide the capability to present information on windows to engage the classroom

in a2 whole new way.

25



WO 2017/007859 PCT/US2016/041210

IB811%]  In an enterfainment venus of eoviromment, the system can project shows, movies
tv and sports, provide backdrops for plays or ive shows, snd compliment any activity, from

vopa to sooking classes,

[028]  Another technology that could be used 0 oreate a diffusing layer is Suspended
Particle Device techuology in combination with a sub-pixe] active matrix, SPD ntilizes a thin
il lamunate of rod-like nano-seale particles suspended in a hguid and sttached to a
aubstrate. When no voltage is applied the particles are randomly oriented and tend to block
and absorb light. When a voltage is applied the particles align and allow light 1o pass
through. Varying the voltage varies the orientation of the particles, which gives the user

control over how much Hght is ransmifted,

{66121 The nano scale particles would be calibrated o control how they affect the light so
as to achieve g number of specific results. This could be achieved in two ways; 1 By varying
the amount of particles being suspended would affect transparency of the base state (no

power applied) 2. By calibrating the color of the particles themselves.

00122} The diffuse particles would be calibrated so that they create what appears to be a
substantially opaque white when zero power is applied and the particles are randomly
oriented. Further, when power is applied and the particles do align, transparency of the layer

resulis,

{00123} When used as a shutter layer the 3PD would be calibrated to block and absorb the
light creating a range from substantially opague black to transparent when driven by an active

matrix on & sub-pixed level.

{124]  When used as a coloring layer group the SPD would be calibrated to create 3
transparent eolor fo its base state. When used in combination with an active matrix on a sub-
pixel level, wherein each pixel comprises a red SPDY ransparent sub-pixel, a green SPD
transparent sub-pixel, and a blue SPD transparent sub-pixel. In this case SPD could be used
i create an active matrix color filter lgyer group.

[00125]  Addiionally a coloring diffusing layer group eould utilize specially calibrated
SPI. Where in each pixel comprises a ved 5PD diffusing sub-pixel, a green SPD diffusing
sub-pixel, and a bloe SPD diffiwing sub-pixel.

{61267  Although only a fow embodiments of the present invention have been shown and
deseribed, the present invention is not Hmited to the described embodiments. Instead, it will

be appreciated by those skilled in the art that changes may be made to these embodiments
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without departing from the principles and spirit of the invention. ! is particularly noted that
those skilled in the ant can readily combine the various technical aspects of the various
elerpents of the various exenplary emnbodiments that have beon described above in numerous
other ways, all of which are considered 0 be within the scope of the Inveniion, which is

defined by the appended claims and their sguivalenis.
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CLAIMS

1. A transparent window-covering system, comprising:

a power source comprising a transparent photovoltaic layer configured to capture solar
energy to charge a battery and configured to be positioned against a window;

a transparent multi-layer device, connected to the power source, the transparent multi-
layer device comprising a window side facing and disposed adjacent to the transparent
photovoltaic layer, and a viewing side opposite the window side, wherein the transparent multi-
layer device comprises:

a coloring layer group comprising a transparent passive color filter comprising a
plurality of pixels, each pixel comprising a red sub-pixel, a green sub-pixel, and a blue
sub-pixel; and

a shutter layer group comprising plurality of shutter sub-pixels, each of the
plurality of shutter-layer sub-pixels corresponding to a sub-pixel of the coloring layer
group;

a diffusing layer group comprising a plurality of diffusing sub-pixels, each of the
plurality of diffusing sub-pixels corresponding to a sub-pixel of the coloring layer group
and comprising a white polymer-dispersed liquid crystal; and

an electronic controller connected to the power source and the multi-layer device,
and configured to:

control each combination of a sub-pixel of the coloring layer group, a
corresponding sub-pixel of the shutter layer group, and a corresponding sub-pixel
of the diffusing layer group to produce a pixel, which, as perceived on the

viewing side, can range from transparent to each of: transparent color or colors,
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transparent white, at least substantially opaque color or colors, at least

substantially opaque white, and opaque black;
wherein the multi-layer device is capable of displaying an image in which at least one

first pixel is displayed simultaneously with at least one second pixel,

wherein the at least one first pixel is perceived as a first one of transparent, a
transparent color, transparent white, an at least substantially opaque color, at least
substantially opaque white, and opaque black, and

wherein the at least one second pixel is perceived as a second one of transparent,
transparent color, transparent white, at least substantially opaque color, at least

substantially opaque white, and opaque black.

2. The system according to claim 1, wherein the shutter layer group comprises one
of:

a liquid crystal layer;

E-ink disposed between substrates;

a suspended particle device (SPD) disposed on a substrate;

microblinds disposed on a substrate; and

an electrochromic coating disposed on a substrate.

3. The system according to claim 1, wherein the power source further comprises

rechargeable batteries, charged by the photovoltaic layer.
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4, A method of controlling light and heat transmitted through a window by
producing an image on a viewing side of a transparent window-covering system, wherein the
transparent window-covering system comprises a power source configured to be positioned
against the window, and a transparent multi-layer device, connected to the power source, and
also having a viewing side and a second side opposite the viewing side, the multi-layer device
comprising a window side facing the power source and a viewing side opposite the window side,
permitting or preventing passage of light therethrough toward the viewing side, the multi-layer
device comprising a coloring layer group comprising a plurality of pixels, each pixel having at
least one sub-pixel corresponding to a white or at least one color; a diffusing layer group
comprising a plurality of sub-pixels, each sub-pixel corresponding to a sub-pixel of the coloring
layer group and comprising a polymer-dispersed liquid crystal; and a shutter layer group
comprising a unique sub-pixel corresponding to each sub-pixel of the coloring layer group; the
method comprising:

a transparent photovoltaic layer of the power source of the window-covering system
capturing solar energy and thereby charging a battery connected to the multi-layer device;

with an electronic controller, controlling the multi-layer device, the controlling
comprising:

controlling a coloring layer group comprising a transparent passive color filter
comprising a plurality of pixels, each pixel comprising a red sub-pixel, a green sub-pixel,
and a blue sub-pixel, controlling a shutter layer group comprising a plurality of shutter
sub-pixels, and controlling a diffusing layer group comprising a plurality of diffusing

sub-pixels each comprising a white polymer-dispersed liquid crystal, such that:
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each combination of a sub-pixel of the coloring layer group, a
corresponding sub-pixel of the shutter layer group, and a corresponding sub-pixel
of the diffusing layer group to produce a pixel, which as perceived on the viewing
side, can range from transparent to each of: transparent color or colors,
transparent white, at least substantially opaque color or colors, at least
substantially opaque white, and opaque black;

wherein the multi-layer device is capable of displaying an image in which at least one
first pixel is displayed simultaneously with at least one second pixel,

wherein the at least one first pixel is perceived as a first one of transparent, a transparent
color, transparent white, an at least substantially opaque color, at least substantially opaque
white, and opaque black, and

wherein the at least one second pixel is perceived as a second one of transparent, a
transparent color, transparent white, an at least substantially opaque color, at least substantially

opaque white, and opaque black.

5. The system according to claim 1, wherein the multi-layer device further
comprises a protective layer disposed on a viewing side of the multi-layer device and comprising
a cut safe zone disposed along a perimeter thereof, such that no cutting of the multi-layer device

within the cut safe zone prohibits functioning of the multi-layer device to be cut.

6. The system according to claim 1, wherein the diffusing layer group is
substantially opaque without application of power thereto, and is transparent upon application of

power.
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