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(57) ABSTRACT 
An adjustably opaque Window including an external pane, 
an internal pane, a light transmission control layer and a 
shock-absorbing layer is provided. The external pane and the 
internal pane provide a cavity betWeen them, and the light 
transmission control layer and the shock-absorbing layer are 
positioned in the cavity. The shock-absorbing layer is a 
?exible sheet that supports and protects the light transmis 
sion control layer. The light transmission layer consists of 
liquid crystal cells. The transmission ratio of the cells can be 
controlled variably. 
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ADJUSTABLY OPAQUE WINDOW 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a WindoW having 
adjustable opacity. More particularly, this invention relates 
to an adjustable or variable WindoW tinting system for the 
vehicle and architectural industries, and further, a WindoW 
system for sunlight protection. 

[0002] Vehicle and building WindoWs that transmit a ?xed 
fraction of incident light are desired by many, and are 
currently commercially available to control the sunlight 
intrusion into the vehicles and buildings. Such WindoWs 
With a ?xed tint, While desired by users during bright 
sunlight days, are undesirable on cloudy days and in the 
evenings. WindoWs are needed Where a controllable fraction 
of incident visible light intensity can be applicable under 
varying environmental as Well as social conditions and 
needs. Aprotective variable tinting that controls in fractions, 
the visible light transmitting through the WindoW, and at the 
same time that can ?lter out UV and most of the infrared 
light is highly desirable. 

SUMMARY OF THE INVENTION 

[0003] The present invention contrives to meet the need 
for an improved light-controlling WindoW. 

[0004] An objective of the invention is to provide an 
adjustably opaque Window that automatically or manually 
changes its opacity variably depending on ambient lighting 
situations. 

[0005] Another objective of the invention is to provide an 
adjustably opaque WindoW that is durable and thin enough 
for a vehicle WindoW. 

[0006] Still another objective of the invention is to ?lter 
the UV and infrared light out of vehicle or building either by 
absorption or re?ection. 

[0007] Still another objective of the invention is to provide 
an adjustably opaque WindoW that can gradually change its 
color or tint. 

[0008] Still another objective of the invention is to provide 
a robust and dimensionally ?exible enclosure for electro 
optic materials such as liquid crystal for WindoW applica 
tions. 

[0009] To achieve the above objectives, an adjustably 
opaque WindoW including an external pane, an internal pane, 
a light transmission control layer, and a shock absorbing 
layer is provided. The external pane and the internal pane 
provide a cavity betWeen them, and the light transmission 
control layer and the shock absorbing layer are positioned in 
the cavity. The light transmission control layer is supported 
by the shock absorbing layer. The attachment among the 
external pane, the internal pane, and the light transmission 
control layer, and the shock absorbing layer is done With 
techniques often employed by glass lamination processes, 
such as those using polyvinyl butyral (PVB), or optically 
clear UV curable resins such as those under the trade name 
of Astrocure 1000G, and may further include the use of 
pressure sensitive adhesive. 

[0010] The shock absorbing layer includes the lamination 
materials such as polyvinyl butyral (PVB), UV curable clear 
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resins such as Astrocure 1000G, and or pressure sensitive 
adhesives that are further designed to have or to enhance 
their shock absorbing properties While providing the func 
tion of attachment among various layers. 

[0011] Alternatively, the shock absorbing layer includes 
gel that ?lls the cavity, and the light transmission control 
layer is supported in the gel. 

[0012] Alternatively, the shock absorbing layer includes a 
?rst ?exible sheet, and the light transmission control layer is 
attached to the ?rst ?exible sheet. The shock absorbing layer 
may further include a second ?exible sheet, and the second 
?exible sheet is attached to the light transmission control 
layer opposite to the ?rst ?exible sheet. 

[0013] Preferably, the ?rst and second ?exible sheets are 
made of polyester or polycarbonate, and the thickness of 
them should be in a range from about 0.1 to about 0.2 mm. 

[0014] The external pane and the internal pane are sub 
stantially hard. Preferably, the external pane and the internal 
pane are made of glass. 

[0015] In a preferred embodiment, the light transmission 
control layer includes a plurality of light transmission con 
trol cells that are arranged to form a seamlessly tiled lattice 
structure. 

[0016] The opacity of the light transmission control cells 
is variably adjustable. The opacity of each of the light 
transmission control cells, or of the light transmission con 
trol layer, is adjusted by applying an external stimulus such 
as an external electric ?eld and by changing the amplitude 
of such an electric ?eld applied to the light transmission 
control cell. 

[0017] Each of the light transmission control cells com 
prises a ?rst electrode, a second electrode, and an electro 
optic material in betWeen the ?rst and second electrodes. 
The electro-optic material may be, and not limited to liquid 
crystals, nonlinear optical material, and other optical mate 
rials having similar characteristics. 

[0018] The types of liquid crystal Which forms the light 
transmission layer may include but not limited to nematic 
liquid crystals With or Without chiral dopants, chiral nematic 
liquid crystals, polymeric liquid crystals, ferroelectric liquid 
crystals. Such liquid crystal may be doped With dichroic 
light absorbing dye, or With pleochoric light absorbing dye. 

[0019] The adjustably opaque WindoW further includes a 
?rst polariZing layer that is positioned betWeen the external 
pane and the light transmission control layer, and a second 
polariZing layer that is positioned betWeen the ?rst ?exible 
sheet and the interior pane. The direction of polariZation of 
the ?rst polariZing layer is substantially perpendicular to the 
direction of polariZation of the second polariZing layer. 

[0020] The ?rst and second polariZing layers may be 
integrated With the external and the internal pane, respec 
tively. The ?rst polariZing layer is absorptive, or birefrin 
gence based. Also, the ?rst polariZing layer may include 
Wire grids of metals. 

[0021] In the light transmission cell, the ?rst electrode is 
substantially adjacent the ?rst polariZing layer, and the 
second electrode is substantially adjacent the ?rst ?exible 
sheet. 
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[0022] The ?rst electrode includes a substantially trans 
parent plastic substrate coated With transparent conductive 
coating, and the second electrode includes a substantially 
transparent plastic substrate coated With transparent conduc 
tive coating. 

[0023] The ?rst electrode, Which is adjacent the liquid 
crystals, is treated With a ?rst polymer layer such that the 
?rst polymer layer gives a preferential alignment to the 
adjacent liquid crystal, and the surface of the second elec 
trode, Which is adjacent liquid crystal, is treated With a 
second polymer layer such that the second polymer layer 
gives a preferential alignment to the adjacent liquid crystal. 

[0024] The liquid crystals adjacent the ?rst and second 
polymer layers are pre-tilted from the planes of the ?rst and 
second polymer layers. The preferential direction of the 
treated ?rst polymer layer is substantially parallel to the 
direction of polariZation of the ?rst polariZing layer, and the 
preferential direction of the treated second polymer layer is 
substantially parallel to the direction of the second polar 
iZation layer. 

[0025] Preferably, the pre-tilting angle is in a range from 
0° to about forty ?ve degrees (45°). More preferably, the 
pre-tilting angle is about thirty degrees (30°). 

[0026] The light control transmission cell further includes 
a plurality of spacers, and the spacers maintain predeter 
mined distance betWeen the ?rst and second electrodes. Part 
or all of the spacers are coated With adhesive. The spacers 
are randomly distributed Within the light transmission con 
trol cell. Each of the spacers includes a sphere, and the 
sphere contacts the ?rst and second electrodes. The sphere is 
coated With an adhesive layer. The diameter of the sphere is 
in a range from about ?ve (5) to about thirty (30) microns, 
and the thickness of the adhesive layer is less than about ?ve 
(5) microns. 

[0027] The ?rst ?exible sheet is coated With transparent 
electrically conductive coating, Which is made of Indium Tin 
Oxide. The transparent conductive coating of the ?rst ?ex 
ible sheet forms an electrical Wiring to each light transmis 
sion control cell. 

[0028] The adjustably opaque WindoW further includes a 
control circuit that controls each of the light transmission 
control cells individually, collectively in part, or in Whole 
With the electrical Wiring. 

[0029] The adjustably opaque WindoW further includes a 
light sensor that measures the intensity of the incident light, 
and the control circuit controls the light transmission of the 
light transmission control cells based on data provided by 
the light sensor. The light transmission of the light trans 
mission control cells may be controlled manually. 

[0030] The adjustably opaque WindoW further includes an 
array of photovoltaic cells, and the array provides electricity 
for operation of the light transmission control layer. The 
adjustably opaque WindoW may be a vehicle WindoW, and 
the array may be installed in a vehicle. Other applications of 
the adjustably opaque WindoW includes an architectural 
WindoW, a glass door, or a partition. 

[0031] The adjustably opaque WindoW further includes an 
ultra violet light blocking layer that is positioned betWeen 
the exterior pane and the light transmission control layer. 
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[0032] The present invention is summarized in a different 
aspect beloW. 

[0033] Acontrollable protective tinting WindoW alloWs the 
transmission of visible light to be adjusted by external 
means, While the UV and infrared light are absorbed or 
re?ected out of the vehicle. An important mode of control in 
tinting applications is the electrical manipulation of optical 
properties of an active layer. 

[0034] This is the central layer of the light control layer 
shoWn in FIG. 1, and With Which transmittance of light 
through the active layer is controlled. An expanded vieW of 
the light control layer is shoWn in FIG. 2. Films of electri 
cally active material such as liquid crystals, and often in 
combination With auxiliary layers can change the transmit 
tance of light in a Way that depends on the external electrical 
stimulus applied. 

[0035] Auxiliary layers can be comprised of layers such as 
polariZers of various types, layers necessary for application 
of external stimulus such as an electric ?eld, and layers 
necessary for proper operation of active layers, such as 
alignment layers and compensation layers to enhance the 
light attenuation effects for obliquely incident light, When 
the active layer is liquid crystal. 

[0036] The unWanted visible light can be re?ected, dif 
fracted to the exterior of the vehicle, or absorbed, and/or a 
combination of all these modes, by the active layer and its 
auxiliary elements. 

[0037] The control of visible light transmittance through 
the light control layer derives from the ability that the optical 
properties of the active layer can be manipulated using an 
external stimulus such as an electrical ?eld. Active layers, 
such as liquid crystals, can change their optical properties 
such as their birefringence and hence the polariZation state 
of the light traveling through the active layer, When an 
external stimulus such as an electrical ?eld is applied. 

[0038] More explicitly, the application of an external 
stimulus such as an external electrical ?eld to the liquid 
crystal layer causes liquid crystal molecules, such as those 
liquid crystals composed of rod-shaped molecules, to reori 
ent. This molecular reorientation in the liquid crystal layer 
causes a change in the index of refraction of the light 
traveling through the glass. As a result, there is a change in 
the polariZation of light exiting the liquid crystal layer, due 
to the application of the external stimulus to the liquid 
crystal active layer. 

[0039] Still more explicitly and more generally, the degree 
of liquid crystal molecular reorientation is dependent on the 
amplitude of the external stimulus, and the polariZation state 
of light traveling through the liquid crystal layer can be 
manipulated continuously by manipulating the external 
stimulus. 

[0040] Auxiliary layers such as polariZers can then be used 
to absorb or re?ect a fraction of visible light depending on 
the choice of polariZers and depending on the polariZation 
state of the light, Which is controlled by the active layer. 
Active layers, such as dichroic dye doped liquid crystals can 
change their absorbance of light upon the application of an 
external stimulus such as an electrical ?eld, and therefore 
control the transmittance of light through the active layer 
using an external stimulus. 
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[0041] The ?ltering, that is, the re?ection or absorption of 
UV and or infrared light, can be achieved by auxiliary 
layers, such as an additional UV absorption layer, polariZers, 
and or other active layers, depending on the choice of such 
materials. External stimulus applied to the active layer to 
achieve transmittance change in the visible spectrum Will 
have little or no effects on the ?ltering of UV and infrared 
by the light control layer. 

[0042] A variety of WindoW siZes are employed in com 
mercial applications and speci?cally in vehicle, land, marine 
or air, applications. For large WindoWs, according to the 
current invention, the active layer is structured such that 
several smaller active layers joined seamlessly together for 
a tiled structure and the collection of these smaller tiles, acts 
as one single active layer that controls the passage of light 
of the Whole panel, as depicted in FIG. 3. 

[0043] Protective adjustably opaque WindoWs according 
to the present invention offer a number of advantages. 

[0044] Natural sunlight radiation has a broad spectrum in 
the optical frequency regime, ranging from ultraviolet to 
infrared beams. Ultraviolet (UV) light can induce photo 
chemical reactions, particularly in organic systems, and are 
harmful to passengers as Well as the interior of a vehicle or 
building. UV ?ltering feature provided by the protective 
adjustably opaque WindoW is an added environmental safety 
feature to, for example the occupants of a vehicle, and 
alleviates the problem of use of sunscreen products for the 
occupants. UV radiation damage to active layers, such as 
active layers made using liquid crystals, can also be mini 
miZed or eliminated by preventing UV from entering the 
active layers. 

[0045] The infrared spectrum of sunlight radiation can be 
absorbed by materials that make up the interior of a vehicle 
or building, and is a very signi?cant portion of heat con 
verted from absorption of light. According to the present 
invention, the light control layer can ?lter out the infrared by 
re?ection or absorption or a combination of both. The 
?ltering of this infrared spectrum can reduce the temperature 
rise of the interior of a vehicle or building due to this 
converted heat, and reduce the energy and cost of desired 
cooling of a vehicle or building on a hot day. 

[0046] The primary function, and thus the advantage of 
the adjustably opaque WindoW is that it reduces the trans 
mission of unWanted light When the light setting is too 
bright, and it can be tuned for maximum transmission in a 
darker light setting. An additional advantage of the use of the 
protective adjustably opaque WindoW is that they can pro 
vide privacy under a Wide range of natural lighting condi 
tions. Unless a near perfect re?ection mirror is placed in the 
interior of the setting protected by the WindoW, the re?ected 
light is stronger than that passing through a WindoW from 
behind in typical applications. Thus objects on the dimmer 
interior side of the WindoW Will be obscured to observers on 
the brighter side by the re?ected exterior light. Privacy can 
be further enhanced by controlling the tint, to reduce the 
transmission of light through the WindoW. 

[0047] Furthermore, the tiled structure of the active layer 
for large WindoWs is advantageous in several Ways. The 
yield, and thus the associated costs, of active layers is 
typically a nonlinear function of its area siZe. For example, 
the cost of a semiconductor IC chip groWs exponentially as 
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a function of the area, due to unavoidable contaminations 
and defects. Smaller active layers have much higher yield 
ratios and the material costs Will be loWer. In addition, many 
supply materials and tools necessary to make the active 
layers may not be able to handle large siZes even if it is 
chosen to do so. The overall handling of smaller but very 
thin active layers can be easier compared to handling the 
larger ones. Thus the cost is cheaper and the WindoWs are 
easier to manufacture. In the larger siZe WindoWs, the active 
layer is a collection of seamlessly tiled smaller pieces of 
active layers. Due to a higher yield in the smaller tiles, the 
tooling is readily available, and it is easier to handle. 

[0048] Although the present invention is brie?y summa 
riZed, the fuller understanding of the invention can be 
obtained by the folloWing draWings, detailed description and 
appended claims. 

DESCRIPTION OF THE FIGURES 

[0049] These and other features, aspects and advantages of 
the present invention Will become better understood With 
reference to the accompanying draWings, Wherein: 

[0050] FIG. 1 is a schematic diagram of an adjustably 
opaque WindoW With its principal functions depicted; 

[0051] 
layer; 

FIG. 2 is an expanded vieW of the light control 

[0052] FIG. 3 is a schematic diagram shoWing a tiling 
structure of the active layers; 

[0053] FIG. 4 is an elevation vieW shoWing an adjustably 
opaque WindoW according to the present invention; 

[0054] FIG. 5 is a partial cross-sectional vieW of the 
WindoW taken along the line 5-5 of FIG. 4; 

[0055] FIG. 6 is a vieW similar to FIG. 5 shoWing a cavity 
betWeen internal and external panes; 

[0056] FIG. 7 is a vieW similar to FIG. 5 shoWing a shock 
absorbing layer; 
[0057] FIG. 8 is an elevation vieW of the WindoW shoWing 
a lattice of light transmission control cells; 

[0058] FIG. 9 is a cross-sectional vieW of the light trans 
mission control cell Within the WindoW; 

[0059] FIG. 10 is a plan vieW of spacers in the light 
transmission control cell; 

[0060] FIG. 11 is a partial cross-sectional vieW taken 
along the line 11-11 of FIG. 10; 

[0061] FIG. 12 is a cross-sectional vieW taken along the 
line 12-12 of FIG. 11; 

[0062] FIG. 13 is a schematic circuit diagram that shoWs 
controlling of the light transmission control cells; 

[0063] FIG. 14 is a vieW similar to FIG. 7 shoWing that 
the shock absorbing layer includes gel; 

[0064] FIG. 15 is an elevation vieW of the WindoW shoW 
ing a different partition With the cells; 

[0065] FIG. 16 is a partial cross-sectional vieW taken 
along the line 16-16 of FIG. 15; 

[0066] FIG. 17 is an elevation vieW of the WindoW shoW 
ing a different partition With the cells; and 
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[0067] FIG. 18 is an elevation vieW of the WindoW shoW 
ing a different partition With the cells. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0068] The control of visible light transmittance through 
the light transmission control layer derives from the ability 
that the optical properties of an active layer, Which is the 
central layer of the light transmission control layer, can be 
manipulated using an external stimulus such as an electrical 
?eld. Active layers, such as liquid crystals, can change their 
optical properties such as their birefringence and hence the 
polariZation state of the light traveling through the active 
layer, When an external stimulus such as an electrical ?eld is 
applied. 

[0069] More explicitly, the application of an external 
stimulus such as an external electrical ?eld to the liquid 
crystal layer causes liquid crystal molecules, such as those 
liquid crystals composed of rod-shaped molecules, to reori 
ent. This molecular reorientation in the liquid crystal layer 
causes a change in the index of refraction of the light 
traveling through the glass. As a result, there is a change in 
the polariZation of light exiting the liquid crystal layer, due 
to the application of the external stimulus to the liquid 
crystal active layer. 

[0070] Still more explicitly and more generally, the degree 
of liquid crystal molecular reorientation is dependent on the 
amplitude of the external stimulus, and the polariZation state 
of light traveling through the liquid crystal layer can be 
manipulated continuously by manipulating the external 
stimulus. 

[0071] Auxiliary layers such as polariZers can then be used 
to absorb or re?ect a fraction of visible light depending on 
the choice of polariZers and depending on the polariZation 
state of the light, Which is controlled by the active layer. 
Active layers, such as dichroic dye doped liquid crystals can 
change their absorbance of light upon the application of an 
external stimulus such as an electrical ?eld, and therefore 
control the transmittance of light through the active layer 
using an external stimulus. 

[0072] The ?ltering, that is, the re?ection or absorption of 
UV and or infrared light, can be achieved by auxiliary 
layers, such as an additional UV absorption layer, polariZers, 
and or other active layers, depending on the choice of such 
materials. External stimulus applied to the active layer to 
achieve transmittance change in the visible spectrum Will 
have little or no effects on the ?ltering of UV and infrared 
by the light control layer. 

[0073] A variety of WindoW siZes are employed in com 
mercial applications and speci?cally in vehicle, land, marine 
or air, applications. For large WindoWs, according to the 
current invention, the active layer is structured such that 
several smaller active layers joined seamlessly together for 
a tiled structure and the collection of these smaller tiles, acts 
as one single active layer that controls the passage of light 
of the Whole panel, as depicted in FIG. 3. 

[0074] The light control layer, comprising an active layer, 
can assume a variety of layered structures With varying layer 
thickness and layer structures. A variety of electrooptic 
materials can be used as the active layers. Such layers can 
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be made up of liquid crystals, polymer liquid crystals, or 
other optical materials such as nonlinear optical materials. 

[0075] In one of the preferred embodiments, the active 
layer is comprised of a liquid crystal layer, Which is bounded 
by substrates such as a pair of non-intersecting glass or 
?exible polymer substrates like polyester or polycarbonate 
?lms. The substrates are generally further comprised of 
transparent conductive layers, through Which external stimu 
lus such as electricity can be applied to liquid crystals, and 
other overcoats such as polymer or inorganic thin layers for 
various purposes including alignment of liquid crystals, 
prevention of electrically shorting the tWo substrates, and 
prevention of penetration of moisture to the active liquid 
crystal layers. The substrates may further be doped With 
metallic materials such as silver or conducting polymers 
such as polyaniline to increase the electrical conductivity of 
the substrates. The liquid crystal layer is bounded by a pair 
of polariZers, With their polariZation selection direction 
nominally at 0 or 90 degrees to each other. 

[0076] In this preferred embodiment of using liquid crystal 
as an active layer, the liquid crystals can be nematic, With or 
Without chiral dopants, or the liquid crystal active layer can 
be a layer of chiral nematic liquid crystals. Further, the liquid 
crystal active layer can be other forms of liquid crystals such 
as polymeric liquid crystals or ferroelectric liquid crystals. 
Further, the liquid crystal layer may be doped With dichroic 
or pleochroic light absorbing dyes. Addition of such dyes 
can assist With needed transmission control for the variable 
tinting applications. 

[0077] Still in this preferred embodiment, the polariZers 
can be re?ective in nature, Where the re?ective polariZers 
can be birefringence based or Wire grids of metals Which 
further can re?ect infrared light and at least partially block 
the UV light. Further, the polariZers can be absorptive in 
nature, Where the selection of polariZation is achieved by 
absorbing light in the unWanted polariZation direction by the 
polariZing ?lm. 

[0078] In another preferred embodiment of using liquid 
crystal as the active layer, the liquid crystals can be nematic 
doped With dichroic or pleochroic light absorbing dyes, and 
the dielectric anisotropy is negative. In this preferred 
embodiment, no polariZers may be necessary to achieve 
tinting control. 

[0079] In another preferred embodiment, the light control 
layer, in addition to the active layer such as liquid crystal 
layer discussed above, is comprised of a UV layer and a IR 
?ltering layer With proper ?ltering functions laminated to the 
WindoW glass or the active layer assembly. 

[0080] In one preferred embodiment, the protective vari 
able tinting WindoW can be fabricated by ?rst making the 
light control layer and then laminated in betWeen tWo panes 
of WindoW glasses, using such adhesive layers such as 
pressure sensitive adhesive layers. Yet in another embodi 
ment, the light control layer can be laminated onto the inner 
side of a WindoW glass in a Way similar to the lamination of 
a ?xed sheet WindoW tint material. The adhesive material 
can again be such material as pressure sensitive adhesive 
?lms. 

[0081] Still in another preferred embodiment, smaller light 
control layer or active layers are arranged in tWo rolls or tWo 
columns so that the active layers can be tiled seamlessly in 
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the interior of the WindoW While the means of applying 
external stimulus can be conveniently hidden along the 
edges of the WindoW. 

[0082] Still in another preferred embodiment, the external 
stimulus can be an electric stimulus, Which can be an 
oscillatory electrical ?eld from a circuitry that is poWered by 
the battery system of the vehicle. Alternatively, the circuitry 
may be poWered by solar cells that are laminated on the top 
section of the Windshield glass. 

[0083] The present invention is further explained With 
reference to FIGS. 4-18. 

[0084] FIGS. 4 and 5 shoW an adjustably opaque WindoW 
50 according to the present invention. The WindoW 50 
includes an external pane 52, an internal pane 54, a light 
transmission control layer 56, and a shock absorbing layer 
58. The light transmission control layer 56 is supported by 
the shock absorbing layer 58. For the effectiveness of 
illustration, the elements are not draWn to scale throughout 
the draWings. Attachment among the external pane 52, the 
internal pane 54, the light transmission control layer 56, and 
the shock absorbing layer 58 is done With pressure sensitive 
adhesive. 

[0085] FIG. 6 shoWs that the external pane 52 and the 
internal pane 54 provide a cavity 60 betWeen them. The light 
transmission control layer 56 and the shock absorbing layer 
58 are positioned in the cavity 60 as shoWn in FIG. 5. 

[0086] FIG. 7 shoWs that the shock absorbing layer 58 
comprises a ?rst ?exible sheet 62, and an optional second 
?exible sheet 64. The light transmission control layer 56 is 
attached to the ?rst ?exible sheet 62. The second ?exible 
sheet 64 is attached to the light transmission control layer 56 
opposite to the ?rst ?exible sheet 62. Moreover, a plurality 
of ?exible sheets may be added on the either side of the light 
transmission control layer to strengthen and toughen the 
WindoW. Preferably, the material for the ?exible sheets 62, 
64 is polyester or polycarbonate, and the thickness of the 
?exible sheets is in a range from about 0.1 to about 0.2 mm. 
The ?rst ?exible sheet 62 protects the light transmission 
control layer 56, Which may include a fragile material 
including liquid crystal, from external shock. 

[0087] Preferably, the external pane 52 and the internal 
pane 54 are substantially hard to provide structural rigidity 
required for various applications. For example, the panes 52, 
54 are made of glass or plastic. Other light transmitting 
panes are also acceptable. 

[0088] FIG. 8 shoWs that the light transmission control 
layer 56 includes a plurality of light transmission control 
cells 66. The light transmission control cells 66 are arranged 
to form a lattice 68. Although a lesser number of the light 
transmission control cells 66 may be used When larger cells 
are used, it is preferable to use smaller light transmission 
control cells 66 to provide more redundancy and ?exibility. 
The opacity of the light transmission control cell 66 is 
variably adjustable by changing amplitude of electric ?eld 
applied on the light transmission control cell 66. Tiling the 
WindoW 50 With the light transmission control cells 66 
makes manufacturing of the WindoW 50 substantially easier. 

[0089] FIG. 9 shoWs that the light transmission control 
cell includes a ?rst electrode 70, a second electrode 72, and 
an electro-optic material 73 in betWeen the ?rst and second 
electrodes 70, 72. 
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[0090] The electro-optic material 73 includes liquid crys 
tal 74, or nonlinear optical material. The liquid crystal 
includes dichroic dye doped liquid crystals, nematic liquid 
crystals With or Without chiral dopants, chiral nematic liquid 
crystals, polymeric liquid crystals, and ferroelectric liquid 
crystals. The liquid crystal may be doped With dichroic light 
absorbing dye, or pleochoric light absorbing dye. 

[0091] More general description of liquid crystal used in 
light transmission control is given in Us. Pat. No. 5,197, 
242, the disclosure of Which is incorporated by reference 
into this application. 

[0092] The WindoW 50 further includes a ?rst polariZing 
layer 76 that is positioned betWeen the external pane 52 and 
the light transmission control layer 56, and a second polar 
iZing layer 78 that is positioned betWeen the ?rst ?exible 
sheet 62 and the interior pane 54. 

[0093] The direction of polariZation of the ?rst polariZing 
layer 76 is substantially perpendicular to the direction of 
polariZation of the second polariZing layer 78. 

[0094] The ?rst polariZing layer 76 and the second polar 
iZing layer 78 may be integrated With, Within, as a part of, 
or alongside the external pane 52 and internal pane 54, 
respectively. 

[0095] The ?rst polariZing layer 76, Which receives the 
incident light from outside, may be absorptive, birefringence 
based, or include Wire grids of metals for better ?ltering 
effect against unWanted lights. 

[0096] In the light transmission control cell 66, the ?rst 
electrode 70 is substantially adjacent the ?rst polariZing 
layer 76, and the second electrode 72 is substantially adja 
cent the ?rst ?exible sheet 62. The liquid crystal 74 is 
positioned betWeen the ?rst electrode 70 and the second 
electrode 72. 

[0097] The ?rst electrode 70 includes a substantially trans 
parent plastic substrate 80 coated With transparent conduc 
tive coating 82, and the second electrode 72 includes a 
substantially transparent substrate plate 80 coated With 
transparent conductive coating 82. 

[0098] The surface of the ?rst electrode 70, Which is 
adjacent the liquid crystal 74, is treated With a ?rst polymer 
layer 86 such that the ?rst polymer layer 86 gives a prefer 
ential alignment to the adjacent liquid crystal 74. The 
surface of the second electrode 72, Which is adjacent the 
liquid crystal 74, is treated With a second polymer layer 88 
such that the second polymer layer 88 gives a preferential 
alignment to the adjacent liquid crystal. 

[0099] Preferential alignment means that the liquid crystal 
molecules that are adjacent the polymer layers 86, 88 tend 
to orient With their long axes parallel to the direction to 
Which the polymer layers 86, 88 are rubbed or brushed. The 
brushed direction of the ?rst polymer layer 86 is substan 
tially perpendicular to the brushed direction of the second 
polymer layer 88. 

[0100] The preferential direction of the treated ?rst poly 
mer layer 86 should be substantially parallel to the direction 
of polariZation of the ?rst polariZing layer 76, and the 
preferential direction of the treated second polymer layer 88 
should be substantially parallel to the direction of the second 
polariZing layer 78. 
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[0101] The liquid crystals 74 adjacent the ?rst and second 
polymer layers 86, 88 are pre-tilted from the planes of the 
?rst and second polymer layers 86, 88. That is, in FIG. 9, the 
rod-like liquid crystals 74 make an angle With the ?rst and 
second polymer layers 86, 88. 

[0102] This pre-tilting of the liquid crystals adjacent the 
treated polymer layers facilitates the variable control of the 
alignment of the liquid crystals 74, and thus the variable 
control of the opacity of the light transmission control cell 
66. A Zero or small angle pre-tilt of liquid crystals adjacent 
to the places of polymer layers typically result in a device 
Where a small change in externally applied stimulus such as 
an external electric ?eld Will cause a signi?cant change in 
light transmission. A higher pre-tilt, in particular, a pre-tilt 
that is about 30° or more, Will result in a light transmission 
control device Whose light transmittance Will changes 
smoothly When the external stimulus is changed. 

[0103] Preferably, the pre-tilting angle is in a range from 
0° to about forty-?ve degrees (45°). More preferably, the 
pre-tilting angle is about thirty degrees (30°). 

[0104] FIG. 10 shoWs that the light control transmission 
cell 66 further includes a plurality of spacers 90. The spacers 
90 are coated With adhesive. The spacers 90 may be ran 
domly or uniformly distributed Within the light transmission 
control cell 66. 

[0105] As shoWn in FIG. 11, the spacers 90 contact the 
?rst and second electrodes 70, 72 and maintain predeter 
mined distance betWeen the ?rst and second electrodes 70, 
72. The boundaries of the light transmission control cell 66 
is sealed by adhesive 92. 

[0106] As shoWn in FIG. 12, the cross-section of the 
spacer 90 includes a sphere 94, and the sphere 94 is coated 
With an adhesive layer 96. The diameter of the sphere 94 
should be in a range from about ?ve (5) to about thirty (30) 
microns, and the thickness of the adhesive layer 96 is less 
than about ?ve (5) microns. The spacer 90 having the 
adhesive layer 96 effectively maintains the distance betWeen 
the ?rst and second electrodes 70, 72, and protects the liquid 
crystal 74 against external force, so that the cell 66, and thus 
the WindoW 50 may be curved, bent or ?exed. More par 
ticularly, since the ?rst and second electrodes 70, 72 of the 
light transmission control cell 66 are supported at multiple 
points, at Which the randomly distributed spacers 94 are 
positioned, even though the cell 66 as a Whole is bent, the 
distance betWeen the ?rst and second electrodes 70, 72, and 
hence the thickness of the cell 66 is kept constant throughout 
the cell 66, thereby protecting the cell 66 and the liquid 
crystal 74 inside. 

[0107] Referring back to FIG. 9, the ?rst ?exible sheet 62 
is coated With transparent electrically conductive coating 98. 
Preferably, the transparent conductive coating 98 is made of 
Indium Tin Oxide. The transparent conductive coating 98 
forms an electrical Wiring 102 (refer to FIG. 13) to each 
light transmission control cell 66. 

[0108] FIG. 13 schematically shoWs hoW the light trans 
mission control cells 66 are controlled. The adjustably 
opaque WindoW 50 further includes a control circuit 100 that 
controls each of the light transmission control cells 66 
individually With the electrical Wiring 102. The control 
circuit 100 may also control the light transmission control 
cells 66 collectively in part or in Whole depending on the 
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requirements on the WindoW 50 such as blocking most of the 
incident light, partial or gradual tinting of the WindoW, or 
displaying speci?c images on the WindoW. 

[0109] The adjustably opaque WindoW 50 may further 
include a light sensor 104 that measures the intensity of the 
incident light. The control circuit 100 controls the light 
transmission, or the opacity of the light transmission control 
cells 66, and thus of the light transmission control layer 56, 
based on data provided by the light sensor 104. On the other 
hand, the control of the light transmission control cells 66 
may be overridden manually. 

[0110] The adjustably opaque WindoW further includes a 
poWer source 106 for supplying poWer to operate the light 
transmission control layer 56. In one application, the Win 
doW 50 may be a vehicle WindoW, and the poWer source 106 
may be an array of photovoltaic cells (not shoWn) installed 
on a vehicle such as the upper portion of the Windshield 
glass to harness and collect the sunlight, or may be simply 
the battery used in the vehicle. 

[0111] In other applications, the adjustably opaque Win 
doW 50 is an architectural WindoW, a glass door, a partition, 
a mirror, a sun roof, a moon roof, or anyWhere WindoWs are 
used. 

[0112] Referring back to FIG. 9, the adjustably opaque 
WindoW 50 further includes an ultra violet light blocking 
layer 108 that is positioned betWeen the exterior pane 52 and 
the light transmission control layer 56. 

[0113] FIG. 14 shoWs another embodiment of the shock 
absorbing layer 58. The shock absorbing layer 58 includes 
gel 110 ?lled in the cavity 60, and the light transmission 
control layer 56 is supported in the gel 110. 

[0114] The light transmission control cells and their 
arrangement are such that the said WindoW seem seamless to 
human eyes. Also, the spacers Within the light transmission 
control cells are microscopic in siZe and are not visible to 
human eye. 

[0115] FIGS. 15-18 shoW another embodiment of the 
invention. In this embodiment, the cells are arranged so that 
part of the periphery of each cell is positioned at the 
periphery of the WindoW. The Wiring for each cell is posi 
tioned at the periphery of the WindoW, and thus conductive 
coating on the shocking absorbing layer is not required. 
FIG. 15 shoWs that six horiZontal light transmission control 
cells 112 cover a Whole adjustably opaque WindoW 111. 
FIG. 17 shoWs that six vertical light transmission control 
cells 114 cover the Whole WindoW. FIG. 18 shoWs six pairs 
of horiZontal light transmission control cells 116 cover the 
Whole WindoW. 

[0116] FIG. 16 shoWs the structure common to the light 
transmission cells 112, 114, 116. The adjustably opaque 
WindoW 111 includes an external pane 118 and an internal 
pane 120. BetWeen the external pane 118 and the internal 
pane 120, an ultra violet light blocking layer 122, a shock 
absorbing layer 124, a ?rst polariZing layer 126, the light 
transmission control cell 112, and a second polariZing layer 
127 are positioned in the order according to Which they are 
listed. The light transmission control cell 112 includes a ?rst 
electrode 128, and a second electrode 130 oppositely posi 
tioned With each other. Each of the ?rst and second elec 
trodes 128, 130 includes ?exible plastic substrate 132, and 
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a transparent conductive coating 133, Which is made of, for 
example, Indium Tin Oxide, coated on the plastic substrate 
132. BetWeen the electrodes 128, 130, liquid crystal 74 is 
?lled. A ?rst polymer layer 134, Which is brushed horiZon 
tally, is attached to the ?rst electrode 128, and a second 
polymer layer 136, Which is brushed vertically, is attached to 
the second electrode 130. The spacer 90 With the adhesive 
layer 96 is positioned betWeen the electrodes 128, 130 and 
supports them. An adhesive 140 forms a seamless Wall 
betWeen the cells 112. Pressure sensitive adhesive 142 
combines the exterior pane 118, the ultra violet light block 
ing layer 122, the shock absorbing layer 124, the ?rst 
polariZing layer 126, the light transmission control cell 112, 
and the second polariZing layer 127. 

[0117] The panes, layers and cell of this embodiment have 
constructions similar to those explained With reference to 
FIG. 4-14. 

[0118] Light incident on the WindoW 111 is unpolariZed. 
The light is ?rst transmitted through the exterior pane 118, 
and then through the ultra violet light blocking layer 122, in 
Which the ultra violet light is prevented from further trans 
mitting. Then the light is transmitted through the shock 
absorbing layer 124, Which support and protect the light 
transmission control cells 112. Then the light transmission 
control cell 112 together With the polariZing layers 126, 127 
control the opacity of the WindoW 111, or transmission ratio 
of the incident light. Then the light, Which is alloWed to be 
transmitted further, is tranmitted inside the WindoW through 
the interior pane 120. 

[0119] With the above construction, a stable and robust 
light transmission layer is achieved using liquid crystals. 
The liquid crystal cells constructing the light transmission 
layer are protected from external force by the shock absorb 
ing layer, and also protected from adverse energy such as 
ultraviolet light or high temperature. When the adjustably 
opaque WindoW is used in automotive application, the Win 
doW may be generally clear, When no electricity is applied, 
that is, the dormant state; such as When a vehicle is in 
parking state. When a driver gets in the vehicle, the control 
circuit senses the ambient lighting condition and adjusts the 
opacity of the WindoW, or the driver may manually adjust the 
opacity for privacy purpose, etc. Alternately, the vehicle 
WindoW may be totally dark and alloW no light to enter When 
no electricity is applied, that is, the dormant state, by reverse 
arranging of the polariZing layers. 

[0120] While the invention has been shoWn and described 
With reference to different embodiments thereof, it Will be 
appreciated by those skilled in the art that variations in form, 
detail, compositions and operation may be made Without 
departing from the spirit and scope of the invention as 
de?ned by the accompanying claims. 

What is claimed is: 
1. An adjustably opaque WindoW comprising: 

a) an external pane; 

b) an internal pane; 

c) a light transmission control layer; and 

d) a shock absorbing layer; 

Wherein the external pane and the internal pane provide a 
cavity betWeen them, Wherein the light transmission 
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control layer and the shock absorbing layer are posi 
tioned in the cavity, Wherein the light transmission 
control layer is supported by the shock absorbing layer. 

2. The adjustably opaque WindoW of claim 1, Wherein the 
shock absorbing layer comprises a ?rst ?exible sheet, and 
the light transmission control layer is attached to the ?rst 
?exible sheet. 

3. The adjustably opaque WindoW of claim 2, Wherein the 
?rst ?exible sheet is made of polyester, or polycarbonate. 

4. The adjustably opaque WindoW of claim 2, Wherein the 
thickness of the ?rst ?exible sheet is in a range from about 
0.1 to about 0.2 mm. 

5. The adjustably opaque WindoW of claim 2, Wherein the 
external pane and the internal pane are substantially hard. 

6. The adjustably opaque WindoW of claim 5, Wherein the 
external pane and the internal pane are made of glass. 

7. The adjustably opaque WindoW of claim 2, Wherein the 
light transmission control layer comprises a plurality of light 
transmission control cells. 

8. The adjustably opaque WindoW of claim 7, Wherein the 
light transmission control cells are arranged to form a lattice. 

9. The adjustably opaque WindoW of claim 7, Wherein the 
opacity of the light transmission control cells is variably 
adjustable. 

10. The adjustably opaque WindoW of claim 9, Wherein 
the opacity of each of the light transmission control cells is 
adjusted by changing amplitude of electric ?eld applied on 
the light transmission control cell. 

11. The adjustably opaque Window of claim 9, Wherein 
each of the light transmission control cell comprises a ?rst 
electrode, a second electrode, and an electro-optic material 
in betWeen the ?rst and second electrodes. 

12. The adjustably opaque WindoW of claim 11, Wherein 
the electro-optic material comprises liquid crystal, or non 
linear optical material. 

13. The adjustably opaque WindoW of claim 12, Wherein 
the liquid crystal comprises dichroic dye doped liquid crys 
tals. 

14. The adjustably opaque WindoW of claim 12, Wherein 
the liquid crystal comprises nematic liquid crystals With 
chiral dopants. 

15. The adjustably opaque WindoW of claim 12, Wherein 
the liquid crystal comprises nematic liquid crystals Without 
chiral dopants. 

16. The adjustably opaque WindoW of claim 12, Wherein 
the liquid crystal comprises chiral nematic liquid crystals. 

17. The adjustably opaque WindoW of claim 12, Wherein 
the liquid crystal comprises polymeric liquid crystals. 

18. The adjustably opaque WindoW of claim 12, Wherein 
the liquid crystal comprises ferroelectric liquid crystals. 

19. The adjustably opaque WindoW of claim 12, Wherein 
the liquid crystal is doped With dichroic light absorbing dye. 

20. The adjustably opaque WindoW of claim 12, Wherein 
the liquid crystal is doped With pleochoric light absorbing 
dye. 

21. The adjustably opaque WindoW of claim 12, further 
comprising a ?rst polariZing layer that is positioned betWeen 
the external pane and the light transmission control layer, 
and a second polariZing layer that is positioned betWeen the 
?rst ?exible sheet and the interior pane; Wherein the direc 
tion of polariZation of the ?rst polariZing layer is substan 
tially perpendicular to the direction of polariZation of the 
second polariZing layer. 
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22. The adjustably opaque WindoW of claim 21, wherein 
the ?rst polarizing layer is integrated With the external pane, 
and the second polarizing layer is integrated With the inter 
nal pane. 

23. The adjustably opaque WindoW of claim 21, Wherein 
the ?rst polariZing layer is absorptive. 

24. The adjustably opaque WindoW of claim 21, Wherein 
the ?rst polariZing layer is birefringence based. 

25. The adjustably opaque WindoW of claim 21, Wherein 
the light transmission cell further comprises a ?rst electrode 
that is substantially adjacent the ?rst polariZing layer, and a 
second electrode that is substantially adjacent the ?rst ?ex 
ible sheet, Wherein the liquid crystal is positioned betWeen 
the ?rst electrode and the second electrode. 

26. The adjustably opaque WindoW of claim 25, Wherein 
the ?rst electrode comprises a substantially transparent 
plastic substrate coated With transparent conductive coating, 
and Wherein the second electrode comprises a substantially 
transparent plastic substrate coated With transparent conduc 
tive coating. 

27. The adjustably opaque WindoW of claim 25, Wherein 
the surface of the ?rst electrode, Which is adjacent the liquid 
crystal, is treated With a ?rst polymer layer such that the ?rst 
polymer layer gives a preferential alignment to the adjacent 
liquid crystal, and the surface of the second electrode, Which 
is adjacent the liquid crystal, is treated With a second 
polymer layer such that the second polymer layer gives a 
preferential alignment to the adjacent liquid crystal. 

28. The adjustably opaque WindoW of claim 27, Wherein 
the liquid crystals adjacent the ?rst and second polyrner 
layers are pre-tilted from the planes of the ?rst and second 
polyrner layers, Wherein the preferential direction of the 
treated ?rst polymer layer is substantially parallel to the 
direction of polariZation of the ?rst polariZing layer, and the 
preferential direction of the treated second polymer layer is 
substantially parallel to the direction of the second polariZ 
ing layer. 

29. The adjustably opaque WindoW of claim 28, Wherein 
the pre-tilting angle is in a range from 0° to about forty ?ve 
degrees (45°)°. 

30. The adjustably opaque WindoW of claim 29, Wherein 
the pre-tilting angle is about thirty degrees (30°)°. 

31. The adjustably opaque WindoW of claim 25, Wherein 
the light control transrnission cell further comprises a plu 
rality of spacers, Wherein the spacers rnaintain predeter 
rnined distance betWeen the ?rst and second electrodes. 

32. The adjustably opaque WindoW of claim 31, Wherein 
all of the spacers are coated With adhesive. 

33. The adjustably opaque WindoW of claim 31, Wherein 
part of the spacers are coated With adhesive. 

34. The adjustably opaque WindoW of claim 31, Wherein 
the spacers are randomly distributed Within the light trans 
mission control cell. 

35. The adjustably opaque WindoW of claim 31, Wherein 
each of the spacers comprises a sphere, and the sphere 
contacts the ?rst and second electrodes. 

36. The adjustably opaque WindoW of claim 35, Wherein 
the sphere is coated With an adhesive layer, Wherein the 
diameter of the sphere is in a range from about ?ve (5) to 
about thirty (30) microns, and Wherein the thickness of the 
adhesive layer is less than about ?ve (5) microns. 

37. The adjustably opaque WindoW of claim 9, Wherein 
the ?rst ?exible sheet is coated With transparent electrically 
conductive coating. 
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38. The adjustably opaque WindoW of claim 37, Wherein 
the transparent conductive coating is made of Indiurn Tin 
Oxide. 

39. The adjustably opaque WindoW of claim 37, Wherein 
the transparent conductive coating forms an electrical Wiring 
to each light transmission control cell. 

40. The adjustably opaque WindoW of claim 39, further 
comprising a control circuit that controls each of the light 
transmission control cells individually With the electrical 
Wiring. 

41. The adjustably opaque WindoW of claim 39, further 
comprising a control circuit that controls the light transmis 
sion control cells collectively in part With the electrical 
Wiring. 

42. The adjustably opaque WindoW of claim 39, further 
comprising a control circuit that controls the light transmis 
sion control cells in Whole With the electrical Wiring. 

43. The adjustably opaque WindoW of claim 9, further 
comprising a light sensor that measures the intensity of the 
incident light, Wherein the control circuit controls the light 
transmission of the light transmission control cells based on 
data provided by the light sensor. 

44. The adjustably opaque WindoW of claim 9, Wherein 
the light transmission of the light transmission control cells 
is controllable rnanually. 

45. The adjustably opaque WindoW of claim 9, further 
comprising an array of photovoltaic cells, Wherein the array 
provides electricity for operation of the light transmission 
control layer. 

46. The adjustably opaque WindoW of claim 45, Wherein 
the adjustably opaque WindoW is a vehicle WindoW, and 
Wherein the array is installed in a vehicle. 

47. The adjustably opaque WindoW of claim 9, Wherein 
the adjustably opaque WindoW is an architectural WindoW, a 
glass door, or a partition. 

48. The adjustably opaque WindoW of claim 9, further 
comprising an ultra violet light blocking layer that is posi 
tioned betWeen the exterior pane and the light transmission 
control layer. 

49. The adjustably opaque WindoW of claim 2, Wherein 
the opacity of the light transmission control layer is variably 
adjustable. 

50. The adjustably opaque WindoW of claim 49, Wherein 
the opacity of the light transmission control layer is adjusted 
by changing amplitude of electric ?eld applied on the light 
transmission control layer. 

51. The adjustably opaque WindoW of claim 2, Wherein 
the shock absorbing layer further comprises a second ?ex 
ible sheet, Wherein the second ?exible sheet is attached to 
the light transmission control layer opposite to the ?rst 
?exible sheet. 

52. The adjustably opaque WindoW of claim 1, Wherein 
the shock absorbing layer comprises gel that ?ll the cavity, 
and the light transmission control layer is supported in the 
gel. 

53. The adjustably opaque WindoW of claim 1, Wherein 
attachrnent among the external pane, the internal pane, the 
light transmission control layer, and the shock absorbing 
layer is done With pressure sensitive adhesive. 


