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ELECTRO-OPTICAL, GLAZING STRUCTURES 
HAVING REFLECTION AND TRANSPARENT 

MODES OF OPERATION 

RELATED CASES 

0001. This is a Continuation-in-part of: copending appli 
cation Ser. No. 08/805,603 entitled “Electro-optical Glazing 
Structures Having Total-reflection And Transparent Modes 
Of Operation For Use In Dynamical Control Of Electro 
magnetic Radiation “filed Feb. 26, 1997; copending appli 
cation Ser. No. 08/739,467 entitled “Super Broadband 
Reflective Circularly Polarizing Material And Method Of 
Fabricating And Using Same In Diverse Applications”, by 
Sadeg M. Faris and Le Li filed Oct. 29, 1996, which is a 
Continuation-in-Part of copending application Ser. No. 
08/550,022 entitled “Single Layer Reflective Super Broad 
band Circular Polarizer and Method of Fabrication There 
for” by Sadeg M. Faris and Le Li filed Oct. 30, 1995; 
copending application Ser. No. 08/787.282 entitled “Cho 
lesteric Liquid Crystal Inks” by Sadeg M. Faris filed Jan. 24, 
1997, which is a Continuation of application Ser. No. 
08/265,949 filed Jun. 2, 1994, which is a Divisional of 
application Ser. No. 07/798,881 entitled “Cholesteric Liquid 
Crystal Inks” by Sadeg M. Faris filed Nov. 27, 1991, now 
U.S. Pat. No. 5,364,557; copending application Ser. No. 
08/715,314 entitled High-Brightness Color Liquid Crystal 
Display Panel Employing Systemic Light Recycling And 
Methods And Apparatus For Manufacturing The Same” by 
Sadeg Faris filed Sep. 16, 1996; and copending application 
Ser. No. 08/743,293 entitled “Liquid Crystal Film Structures 
With Phase-Retardation Surface Regions Formed Therein 
And Methods Of Fabricating The Same” by Sadeg Faris 
filed Nov. 4, 1996; each said Application being commonly 
owned by Reveo, Inc, and incorporated herein by reference 
in its entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of Invention 
0003. The present invention relates generally to an elec 
tro-optical glazing Structure having total-reflection and 
Semi-transparent and totally-transparent modes of operation 
which are electrically-Switchable for use in dynamically 
controlling electromagnetic radiation flow in diverse appli 
cations. 

0004 2. Brief Description of the Prior Art 
0005 The use of windows in homes, commercial build 
ings, and automotive vehicles alike is very well known. The 
reasons for providing windows in Such structures and SyS 
tems are directly related to the functions they perform. For 
example, window Structures provide for ventilation, light 
ing, a Sense of Spaciousness, as well as a way of making 
contact with the outdoors. Windows made of glazing (e.g. 
glass material) also permit Selective transmission of elec 
tromagnetic radiation between the outdoors and the interior 
Space of homes, commercial buildings, and automotive 
vehicles. While conventional forms of glazing Serves many 
useful functions, Such forms are not without problems. 
0006 An appreciation of the problems presented by the 
use of conventional glazing in windows, can be most easily 
attained by recognizing the nature and composition of 
electromagnetic radiation with which windows universally 
come in contact. 
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0007 On a clear day at sea level, electromagnetic radia 
tion is composed of 3% ultraviolet light (i.e. electromagnetic 
radiation in the UV band), 44% visible light (i.e. electro 
magnetic radiation in the visible band), and 53% infrared 
light (i.e. electromagnetic radiation in the IR band). In 
accordance with the laws of physics, 50% of all electromag 
netic radiation produced is left hand circularly polarized 
(LHCP) while the other 50% thereof is right hand circularly 
polarized (RHCP). The total electromagnetic radiation strik 
ing a window Surface is a combination of direct radiation 
from the Sun and diffuse radiation from the ambient envi 
ronment. While electromagnetic radiation is broad-band in 
nature, it is the ultraViolet light component thereof which 
causes molecular decomposition in various types of plastic 
material and inorganic dyes, which results in color fading. 
0008. When electromagnetic radiation strikes a glass 
window, three different physical processes occur. Some of 
the radiant energy is transmitted through the glass, Some of 
the radiant energy is reflected off the glass, and a Small 
portion of the radiant energy is absorbed by the glass. The 
energy transmitted through the glass window is typically 
absorbed by furnishings or structures within the interior 
environment, and often becomes trapped therewithin caus 
ing an increase in interior temperature. 
0009. Depending on the season, electromagnetic radia 
tion transmitted through glass windowS can be either miti 
gate or worsen the thermal loading imposed upon the 
heating and cooling Systems associated with the glass win 
dows. Consequently, during the hot weather Season, it is 
highly desired to Shield windows and sliding glass doors 
from electromagnetic radiation in order to lessen thermal 
loading upon cooling Systems. During cold weather Season, 
it is highly desired to expose windows and sliding glass 
doors to electromagnetic radiation in order to lessen thermal 
loading on heating Systems. 
0010. In short, it is highly desired to selectively control 
the transmission of electromagnetic radiation through win 
dow Structures at different times of the day and year So that 
thermal loading upon the heating and cooling Systems of 
residential, commercial and industrial building environ 
ments can be minimized. By minimizing Such thermal 
loading, power can be used in an economical manner to 
control the internal temperature of residential, commercial 
and industrial building environments. Achievement of this 
goal would impact the natural environment in a positive 
manner, while improving the quality of life. 
0011. With such objectives in mind, great effort has been 
expended in recent times to improve the ways and means of 
Selectively controlling the transmission of electromagnetic 
radiation through window Structures. 
0012 One approach to electromagnetic radiation control 
involves using a window Shade to reduce the transmission of 
electromagnetic radiation through windows. The most popu 
lar type of shade is the window blind. However, as window 
blind is mounted within the interior of the building or 
transportation environment, electromagnetic radiation is 
allowed transmit through the window, raise the temperature 
within the internal environment, and thus increase thermal 
loading on cooling Systems during the hot weather Season. 
Also, the operation of window blinds requires mechanical or 
electromechanical controls which tend to be bulky and 
expensive to manufacture, install and maintain. 
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0013 Another approach to electromagnetic radiation 
control involves the use of Sun control films which are 
physically applied to the Surface of glass windows in build 
ing and automotive vehicles alike. Presently a variety of 
different types of Sun control film are marketed by various 
firms. Such electromagnetic control films can be categorized 
into one of the three basic categories, namely: high reflec 
tivity film; heat Saving or winter film; and fade protection 
film. 

0.014 High reflectivity electromagnetic films are most 
effective at blocking Summer heat. The higher the reflectiv 
ity of electromagnetic film, the more effective it will be at 
blocking electromagnetic radiation. Electromagnetic reflec 
tivity film having a Silver, mirror-like Surface is more 
effective in blocking electromagnetic radiation than the 
colored, more transparent films. Electromagnetic reflectivity 
films can lower the U-value of glass by more than 10%. 
Notably, in climates having long heating Seasons, the use of 
high reflectivity film prevents using the winter Sun to warm 
the interior of buildings during the cold weather Season, and 
thus lessen thermal loading on building heating Systems. 

0.015 Heat-saving or winter films are designed to reduce 
winter heat losses through glazing. These films can lower the 
U-value of glass windows by more than 20%. 
0016 Fade-protection films are designed to filter out 
ultraviolet rays. Ultraviolet rays cause about 60-65% of 
color fading in most home furnishing fabrics and automobile 
dash boards. 

0017 While electromagnetic radiation control films of 
the types described above can be used to control heat and 
glare, eliminate Sun damage, and to a lesser extent, reduce 
visibility into buildings during the daytime. The major 
disadvantages thereof are reduction in interior light, loSS of 
Visibility, and extra care required in cleaning. Moreover, 
prior art electromagnetic window films are incapable of 
changing from transmissive during winter months to reflec 
tive during Summer months in order to effectively use 
electromagnetic radiation for dynamic temperature control 
of biological environments (e.g. human habitats, green 
houses and the like). 
0.018. An alternative approach to electromagnetic radia 
tion control involves using Special glass panels having 
radiation transmission characteristics which effectively 
absorb (i.e. block) the infrared and ultra violet wavelengths, 
while transmitting the Visible wavelengths thereby allowing 
window viewing and day light to enter the interior Spaces of 
buildings using Such window technology. While the light 
transmission characteristics of Such glass provides a mea 
Sure of electromagnetic radiation control during cooling 
Seasons, where outdoor temperatures tend to be above 72 
degrees Fahrenheit, its IR absorption characteristics pre 
vents, during heating Season, IR wavelengths of Sun light to 
warm the interior Spaces of building Structures in which Such 
glass panels are installed. Consequently, during heating 
Seasons, Such glass fails to lessen the thermal loading on the 
heating Systems of Such buildings, as would be desired in an 
effort to conserve energy and heating resources during the 
winter months. 

0019. In recent times, there has been great interest in 
using variable light transmission glass or glazing, referred to 
as “Smart windows', to achieve electromagnetic radiation 
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(i.e. energy) control in buildings and vehicles alike. The 
reason for using Smart window Structures, rather than con 
ventional glass window panels, is quite clear. Smart window 
Structures have light transmission characteristics that can be 
electrically controlled during the course of the day (or year) 
in order to meet lighting needs, minimize thermal load on 
heating and/or cooling Systems, and provide privacy within 
the interior Spaces of buildings and Vehicles alike. 
0020. The use of chromogenic switchable glazing or 
Smart windows for controlling the flow of light and heat into 
and out of a glazing according to occupant comfort, is 
discussed in great detail in the following papers: “Chro 
mogenic Switchable Glazing: Towards the Development of 
the Smart Window' by Carl Lempert published in the June 
1995 Proceedings of the Window Innovation Conference, 
Toronto, Canada; and “Optical Switching Technology for 
Glazings” by Carl Lempert published in Thin Solid Films, 
Volume 236, 1993, pages 6-13, both incorporated herein by 
reference. 

0021. In general, there are several different types chro 
mogenic Switchable glazing or Smart windows, namely: 
non-electrically activated Switchable glazings, and electri 
cally-activated Switchable glazings. The non-electrically 
activated types of chromogenic Switchable glazing are based 
on: photochromics, thermochromics and thermotropics. The 
most common electrically-activated types of chromogenic 
Switchable glazing are based on polymer dispersed liquid 
crystals (PDLC), dispersed particle systems (DPS), and 
electrochromics. 

0022 Prior art Smart window structures based upon con 
ventional twisted nematic (TN) or Super twist nematic 
(STN) liquid crystal technology require the use of a pair of 
polarizers. This, however, results in high optical loSS, as up 
to 60% of the incident light is absorbed by the polarizers, in 
the desired non-blocking mode of operation. 
0023. While a smart window structure based on polymer 
dispersed liquid crystal (PDLC) technology offers better 
performance than TN or STN based window structures, such 
Smart window Structures Suffer from Several significant 
Shortcomings. In particular, conventional PDLC panels have 
a translucent State which can be used only to provide 
privacy, but lack a totally opaque State and a totally reflec 
tive State required for electromagnetic radiation control 
functions. In addition, the viewing haze limitation provided 
by the PDLC panels prevents clear viewing through this 
prior art window Structure at larger viewing angles. 
0024. A primary drawback associated with Dispersed 
Particle Systems is that Such Systems simply do not have a 
reflection mode of operation, and thus created heat build-up 
within interior Spaces which is Sought to be avoided in 
thermal radiation control applications. 
0025 Thus it is clear that there is a great need in the art 
for an improved form of variable light transmission glazing 
Structure which avoids the Shortcomings and drawbacks of 
prior art technologies. 

DISCLOSURE OF THE INVENTION 

0026. Accordingly, a primary object of the present inven 
tion is to provide an electro-optical glazing Structure which 
avoids the shortcomings and drawbacks of prior art tech 
nologies. 
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0027. Another object of the present invention is to pro 
vide an electro-optical glazing Structure which has total 
reflection, Semi-transparent and totally transparent modes of 
operation for improved control over the flow of electromag 
netic radiation within the Solar region of the electromagnetic 
spectrum (i.e. Solar Spectrum). 
0028. A further object of the present invention is to 
provide Such an electro-optical glazing Structure, in which 
the modes of operation can be electrically-activated or 
Switched, while avoiding the use of energy absorbing 
mechanisms. 

0029. A further object of the present invention is to 
provide Such an electro-optical glazing Structure having a 
broad band of operation, including the IR, visible and UV 
portions of the electromagnetic spectrum. 

0.030. A further object of the present invention is to 
provide an electro-optical glazing Structure, comprising an 
electrically-active L-phase retardation panel interposed 
between a pair of electrically-passive electromagnetic radia 
tion polarizing panels, both of which are capable of reflect 
ing electromagnetic radiation of a certain polarization State, 
whereby a totally reflective State of operation and a Semi 
transparent State of operation are provided over the electro 
magnetic region of the electromagnetic spectrum. 

0.031) A further object of the present invention is to 
provide an electro-optical glazing Structure, comprising an 
electrically-active t-phase retardation panel interposed 
between a pair of electrically-passive electromagnetic radia 
tion polarizing panels, both of which are capable of reflect 
ing electromagnetic radiation of a linear polarization State, 
whereby a totally reflective State of operation and a Semi 
transparent State of operation are provided over the electro 
magnetic region of the electromagnetic spectrum. 

0032. A further object of the present invention is to 
provide an electro-optical glazing Structure, comprising an 
electrically-active L-phase retardation panel interposed 
between a pair of electrically-passive electromagnetic radia 
tion polarizing panels, both of which are capable of reflect 
ing electromagnetic radiation of a linear polarization State, 
one is parallel to other, whereby a totally reflective state of 
operation and a Semi-transparent State of operation are 
provided over the electromagnetic region of the electromag 
netic spectrum. 

0033. A further object of the present invention is to 
provide an electro-optical glazing Structure, comprising an 
electrically-active L-phase retardation panel interposed 
between a pair of electrically-passive electromagnetic radia 
tion polarizing panels, both of which are capable of reflect 
ing electromagnetic radiation of a linear polarization State, 
one is perpendicular to other, whereby a totally reflective 
State of operation and a Semi-transparent State of operation 
are provided over the electromagnetic region of the electro 
magnetic Spectrum. 

0034. A further object of the present invention is to 
provide an electro-optical glazing Structure, comprising an 
electrically-active L-phase retardation panel interposed 
between a pair of electrically-passive cholesteric liquid 
crystal (CLC) electromagnetic radiation polarizing panels, 
both of which are capable of reflecting electromagnetic 
radiation of a LHCP state, whereby a totally reflective state 
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of operation and a Semi-transparent State of operation are 
provided over the electromagnetic region of the electromag 
netic spectrum. 
0035 A further object of the present invention is to 
provide an electro-optical glazing Structure, comprising an 
electrically-active L-phase retardation panel interposed 
between a pair of electrically-passive CLC electromagnetic 
radiation polarizing panels, both of which are capable of 
reflecting electromagnetic radiation of a RHCP State, 
whereby a totally reflective State of operation and a Semi 
transparent State of operation are provided over a broad 
band region of the electromagnetic Spectrum. 
0036) A further object of the present invention is to 
provide an electro-optical glazing Structure, comprising an 
electrically-active L-phase retardation panel interposed 
between a pair of electrically-passive CLC electromagnetic 
radiation polarizing panels, one of which is capable of 
reflecting electromagnetic radiation of the LHCP state and 
the other of which is capable of reflecting electromagnetic 
radiation of the RHCP state, whereby a totally reflective 
State of operation and a Semi-transparent State of operation 
are provided over a broad-band region of the electromag 
netic spectrum. 
0037. A further object of the present invention is to 
provide an electro-optical glazing Structure, comprising an 
electrically-passive L-phase retardation panel interposed 
between a pair of electrically-active CLC electromagnetic 
radiation polarizing panels, both of which are capable of 
reflecting electromagnetic radiation of the LHCP State, 
whereby a totally reflective State of operation and a totally 
transparent State of operation are provided over a broad 
band region of the electromagnetic Spectrum. 
0038 A further object of the present invention is to 
provide an electro-optical Structure, comprising an electri 
cally-passive L-phase retardation panel interposed between 
a pair of electrically-active CLC electromagnetic radiation 
polarizing panels, both of which are capable of reflecting 
electromagnetic radiation of the RHCP state, whereby a 
totally reflective State of operation and a Semi-transparent 
State of operation are provided over a broad-band region of 
the electromagnetic spectrum. 
0039. A further object of the present invention is to 
provide an electro-optical glazing Structure, comprising a 
pair of electrically-active CLC electromagnetic radiation 
polarizing panels, one of which is capable of reflecting 
electromagnetic radiation of the LHCP state and the other of 
which is capable of reflecting electromagnetic radiation of 
the RHCP state, whereby a totally reflective state of opera 
tion and a totally transparent State of operation are provided 
over a broad-band region of the electromagnetic Spectrum. 
0040 Another object of the present invention is to pro 
vide an actively-controlled window or viewing panel con 
Structed from the electro-optical glazing Structure of the 
present invention, wherein the transmission of electromag 
netic radiation can be dynamically controlled over a broad 
band region of the electromagnetic spectrum, between 50% 
transmission to 100% reflection and between 100% trans 
mission to 100% reflection. 

0041 Another object of the present invention is to pro 
vide an actively-controlled window or viewing panel con 
Structed from the electro-optical glazing Structure of the 
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present invention, wherein the transmission of electromag 
netic radiation over the UV and IR regions of the electro 
magnetic Spectrum can be totally reflected, rather than 
absorbed, reducing the temperature cycle range which the 
window Structure is required to undergo. 
0.042 Another object of the present invention is to com 
bine the electro-optical glazing panel of the present inven 
tion with a controllable Scattering layer or Structure in order 
to Scatter light transmitted therethrough or reflected there 
from. 

0.043 Another object of the present invention is to pro 
vide an actively-controlled window or viewing panel con 
Structed from the electro-optical glazing Structures of the 
present invention, wherein only UV and IR radiation is 
reflected at the window Surface, while electromagnetic 
radiation over the visible band is transmitted to the interior 
environment being maintained under thermal control. 
0044 Another object of the present invention is to pro 
vide an intelligent window System for installation within a 
house or office building, or aboard a transportation vehicle 
Such as an airplane or automobile, wherein the electro 
optical glazing Structure thereof is Supported within a pre 
fabricated window frame, within which are mounted: a 
electromagnetic-Sensor for Sensing electromagnetic condi 
tions in the outside environment; a battery Supply for 
providing electrical power; a electromagnetic-powered bat 
tery recharger for recharging the battery; electrical circuitry 
for producing glazing control Voltages for driving the elec 
trically-active elements of the electro-optical glazing Sup 
ported within the window frame; and a micro-computer chip 
for controlling the operation of the battery recharger and 
electrical circuitry and the production of glazing control 
Voltages as required by a radiation flow control program 
Stored within the programmed microcontroller. 
0.045. A further object of the present invention is to 
provide Such an electro-optical window Structure which is 
designed for integration within the heating/cooling System 
of a house, office building, factory or vehicle in order to 
control the flow of broad-band electromagnetic radiation 
through the electro-optical window Structure, while mini 
mizing thermal loading upon the heating/cooling System 
thereof. 

0046) Another object of the present invention is to pro 
vide a thermal/viewing shield or panel made from electro 
optical glazing Structure of the present invention. 
0047 Another object of the present invention is to pro 
vide of an intelligent pair of Sunglasses, in which each 
optical element is realized using an electro-optical glazing 
Structure of the present invention, fashioned to the dimen 
Sions of a Sunglass frame. 
0.048 Another object of the present invention is to pro 
vide of an intelligent pair of Shutter glasses, in which each 
optical element is realized using an electro-optical glazing 
Structure of the present invention, fashioned to the dimen 
Sions of a shutter glass frame. 
0049 Another object of the present invention is to pro 
vide an intelligent windshield or viewing Screen, which is 
realized from an electro-optical glazing Structure of the 
present invention. These and other objects of the present 
invention will become apparent hereinafter and in the claims 
to Invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0050 For a more complete understanding of the Object 
of the Present Invention, the following Detailed Description 
of the Illustrative Embodiments of the Present Invention 
should be read in conjunction with the accompanying Draw 
ings, wherein: 
0051 FIG. 1A is a perspective view of a generalized 
embodiment of the intelligent electro-optical window Sys 
tem of the present invention, wherein the electro-optical 
glazing Structure thereof is electrically Switched under 
microcomputer-control to its totally-reflecting State of 
operation upon detecting a first Set of preprogrammed elec 
tromagnetic conditions, whereby broad-band electromag 
netic radiation is completely reflected off the electro-optical 
glazing Structure thereof; 
0052 FIG. 1B is a perspective view of the generalized 
embodiment of the intelligent electro-optical window Sys 
tem shown in FIG. 1A, wherein the electro-optical glazing 
Structure thereof is electrically Switched under microcom 
puter-control to its transmission State of operation upon 
detecting a Second Set of preprogrammed electromagnetic 
conditions, where broad-band electromagnetic radiation is 
transmitted through the electro-optical glazing structure 
thereof; 
0053 FIG. 2 is an exploded perspective view of a first 
illustrative embodiment of the electro-optical glazing Struc 
ture of the present invention, showing an electrically-active 
JL-phase retardation panel interposed between a pair of 
electrically-passive RHCP electromagnetic radiation reflect 
ing panels, each made from CLC material having polariza 
tion-Selective reflection characteristics over a broad-band 
region of the electromagnetic spectrum; 

0054 FIG. 2A is a schematic diagram of the RHCP 
electromagnetic radiation reflecting panel shown in FIG. 2, 
and its response to both RHCP and LHCP electromagnetic 
radiation incident thereto; 

0055 FIG. 2B is a schematic representation of the elec 
tromagnetic radiation reflection characteristics of the RHCP 
electromagnetic radiation reflecting panels of the glazing 
structure of FIG. 2, over its broadband range of operation, 

RHCP. A reflectio s 

0056 FIG. 2C is a schematic representation of a first 
embodiment of the L-phase retardation panel used in the 
construction of the glazing Structure of FIG. 2, illustrating 
its operating characteristics in response to different glazing 
control Voltages, 
0057 FIG. 2D is a schematic representation of a second 
embodiment of the L-phase retardation panel used in the 
construction of the glazing Structure of FIG. 2, illustrating 
its operating characteristics in response to different glazing 
control Voltages, 
0058 FIG.2E1 is a schematic diagram of a Super broad 
band L-phase retardation panel construction formed by 
interposing a twisted nematic, Super-twisted nematic or 
cholesteric liquid crystal cell between a pair of electrically 
passive broad-band JL/2 phase retardation panels, 
0059 FIG. 2E2 is a schematic diagram of a broad-band 
JL-phase retardation panel employed in the electrically-SWit 
chable Super-broad band phase-retardation panel shown in 
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FIG.2E1, made by laminating a plurality of narrow-band or 
broad-band TL/2 layers, each realized using a material having 
a different birefringence and its JL/2 phase-retardation char 
acteristics centered about a different wavelength; 
0060 FIG. 2E3 is a graphical representation of the 
resulting JL/2 phase retardation characteristics provided by 
the cooperation of the phase retardatation characteristics of 
the individual narrow-band or broad-band 1/2 layers used to 
construct the electrically-passive Super-broad band JL/2 
phase-retardation panel shown in FIG. 2E2; 
0061 FIG. 3A is a schematic diagram illustrating the 
operation of the glazing structure of FIG. 2, wherein the 
L-phase retardation panel of FIG. 2C is used and the control 
voltage provided thereto is selected (i.e., V=0, (p=Tt) So that 
the window panel is Switched into its optically opaque or 
reflection State of operation; 
0.062 FIG. 3B is a schematic diagram illustrating the 
operation of the intelligent electro-optical window of FIG. 
2, where the L-phase retardation panel of FIG. 2C is used 
and the control voltage provided thereto is selected (i.e., 
V=1, 0) so that the window panel is switched into its the 
optically transparent (i.e. semi-clear) state of operation; 
0.063 FIG. 4 is an exploded perspective view of a second 
illustrative embodiment of the intelligent electro-optical 
window of the present invention, comprising an electrically 
active L-phase retardation panel interposed between a pair of 
electrically-passive LHCP electromagnetic radiation reflect 
ing panels, each made from CLC material having polariza 
tion-Selective reflection characteristics over a broad-band 
region of the electromagnetic spectrum; 

0064 FIG. 4A is a schematic diagram of the LHCP 
electromagnetic radiation reflecting panel shown in FIG. 4, 
and its response to both RHCP and LHCP electromagnetic 
radiation incident thereto; 

0065 FIG. 4B is a schematic representation of the elec 
tromagnetic radiation reflection characteristics of the LHCP 
electromagnetic radiation reflecting panels of the window of 
FIG. 4, over its broadband range of operation, A. 
LHCP. 

s 

0.066 FIG. 5A is a schematic diagram illustrating the 
operation of the intelligent electro-optical window of FIG. 
4, where the L-phase retardation panel of FIG. 2D is used 
and the control voltage provided thereto is selected (i.e., 
v=1, cp=Tt) so that the window panel is switched into its the 
opaque or reflection State of operation; 

reflection 

0067 FIG. 5B is a schematic diagram illustrating the 
operation of the intelligent electro-optical window of FIG. 
5, where the L-phase retardation panel of FIG. 5D is used 
and the control voltage provided thereto is selected (I.e., 
V=0, (p=0) so that the window panel is switched into its 
optically Semi-transparent (i.e., semi-clear) State of opera 
tion; 

0068 FIG. 6 is an exploded perspective view of a third 
illustrative embodiment of the intelligent electro-optical 
window of the present invention, comprising an electrically 
active L-phase retardation panel interposed between an 
electrically-passive RHCP electromagnetic radiation reflect 
ing panel and an electrically-passive LHCP electromagnetic 
radiation reflecting panel, each made from CLC material 
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having polarization-Selective reflection characteristics over 
a broad-band region of the electromagnetic Spectrum; 

0069 FIG. 6A is a schematic diagram of the LHCP 
electromagnetic radiation reflecting panel shown in FIG. 6, 
and its response to both RHCP and LHCP electromagnetic 
radiation incident thereto; 

0070 FIG. 6B is a schematic representation of the elec 
tromagnetic radiation reflection characteristics of the LHCP 
electromagnetic radiation reflecting panel of the window of 
FIG. 6, over its broadband range of operation, A. 
RHCP. 

s 

0071 FIG. 6C is a schematic diagram of the RHCP 
electromagnetic radiation reflecting panel shown in FIG. 6, 
and its response to both RHCP and LHCP electromagnetic 
radiation incident thereto; 

reflection 

0072 FIG. 6D is a schematic representation of the elec 
tromagnetic radiation reflection characteristics of the RHCP 
electromagnetic radiation reflecting panel of the window of 
FIG. 6, over its broadband range of operation, A. 
LHCP. 

s 

reflection 

0073 FIG. 7A is a schematic diagram illustrating the 
operation of the intelligent electro-optical window of FIG. 
6, where the L-phase retardation panel of FIG. 2C is used 
and the control voltage provided thereto is selected (i.e., 
v=0, (p=Tt) so that the window panel is switched into its the 
optically Semi-transparent (i.e. semi-clear) state of opera 
tion; 

0074 FIG. 7B is a schematic diagram illustrating the 
operation of the intelligent electro-optical window of FIG. 
6, where the L-phase retardation panel of FIG. 2C is used 
and the control voltage provided thereto is selected (i.e., 
v=0, (p=0) so that the window panel is switched into its 
optically opaque or reflection State of operation; 
0075 FIG. 8 is an exploded perspective view of a fourth 
illustrative embodiment of the intelligent electro-optical 
window of the present invention, comprising an electrically 
active polarization rotation panel interposed between an 
electrically-passive linear polarizing (LP1) electromagnetic 
radiation reflecting panel and an electrically-passive LP1 
electromagnetic radiation reflecting panel, each made from 
CLC material having polarization-Selective reflection char 
acteristics over a broad-band region of the electromagnetic 
Spectrum, 

0.076 FIG. 8A is a schematic diagram of the LP1 elec 
tromagnetic radiation reflecting panel shown in FIG. 8, and 
its response to both LP1 and LP2 electromagnetic radiation 
incident thereto; 

0.077 FIG. 8B is a schematic representation of the elec 
tromagnetic radiation reflection characteristics of the LP1 
electromagnetic radiation reflecting panel of the window of 
FIG. 8, over its broadband range of operation, Aw 

LP1. 
tion s 

0078 FIG. 8C is a schematic diagram of the LP2 elec 
tromagnetic radiation reflecting panel shown in FIG. 8, and 
its response to both LP1 and LP2 electromagnetic radiation 
incident thereto; 

007.9 FIG. 8D is a schematic representation of the elec 
tromagnetic radiation reflection characteristics of the LP2 

reflec 
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electromagnetic radiation reflecting panel of the window of 
FIG. 8, over its broadband range of operation, Aw 

LP2: 
0080 FIG. 8E is a schematic representation of an illus 
trative embodiment of the electro-optical glazing structure 
of FIG. 8, in which an electrically-switchable linear polar 
ization direction rotating panel, realized using an electri 
cally-controlled birefringence (ECB) cell, surface stablized 
ferroelectric liquid crystal (SSFLC) cell, twisted nematic 
cell, Super-twisted nematic cell, or cholesteric liquid crystal 
cell, is interposed between a pair of electrically-passive 
linear broad-band polarizing reflective panels realized using 
(1) broad-band CLC films with JL/2 phase-retardation Sur 
faces integrally formed therein and/or other types of reflec 
tive linear polarizerS Such as multi-layer interference linear 
polarizers, 

0.081 FIG. 9A is a schematic diagram illustrating the 
operation of the intelligent electro-optical window of FIG. 
8, where the linear polarization direction rotating panel of 
FIG. 8 is used and the control voltage provided thereto is 
selected (i.e., v=0, 90 degrees rotation) so that the window 
panel is Switched into its transmission or Semi-clear State of 
operation; 

reflec 

0082 FIG. 9B is a schematic diagram illustrating the 
operation of the intelligent electro-optical window of FIG. 
9, where the linear polarization direction rotating panel of 
FIG. 8 is used and the control voltage provided thereto is 
Selected (i.e., v=1, Zero degrees rotation) So that the window 
panel is Switched into its optically opaque State of operation; 
0083 FIG. 10 is an exploded perspective view of a fifth 
illustrative embodiment of the intelligent electro-optical 
window of the present invention, comprising an electrically 
passive L-phase retardation panel interposed between a first 
electrically-active LHCP electromagnetic radiation reflect 
ing panel and a Second electrically-active LHCP electro 
magnetic radiation reflecting panel, each made from CLC 
material having polarization-Selective reflection character 
istics over a broad-band region of the electromagnetic 
Spectrum, 

0084 FIG. 10A is a schematic diagram of the LHCP 
electromagnetic radiation reflecting panel shown in FIG. 10, 
and its response to both RHCP and LHCP electromagnetic 
radiation incident thereto when operated in the LHCP radia 
tion reflecting State thereof; 
0085 FIG. 10B is a schematic representation of the 
electromagnetic radiation reflection characteristics of the 
LHCP electromagnetic radiation reflecting panels of FIG. 
10, over the broadband range of operation thereof Awe 
tion", when operated in the LHCP radiation reflecting 
State thereof; 

0.086 FIG. 10C is a schematic diagram of the LHCP 
electromagnetic radiation reflecting panel shown in FIG. 10, 
and its response to both RHCP and LHCP electromagnetic 
radiation incident thereto when operated in the radiation 
transmission State thereof; 

0087 FIG. 10D is a schematic representation of the 
electromagnetic transmission characteristics of the LHCP 
electromagnetic radiation reflecting panels of FIG. 10, over 
the broadband range of operation thereof A annit", 
when operated in the radiation transmission State thereof; 
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0088 FIG. 10E is a schematic diagram illustrating the 
operation of the intelligent electro-optical window of FIG. 
10, where the control voltages provided to both LHCP 
electromagnetic radiation reflecting panels are Selected So 
that the window panel is Switched into its the optically 
opaque State of operation; 

0089 FIG. 10F is a schematic diagram illustrating the 
operation of the intelligent electro-optical window of FIG. 
10, where the control voltages provided to both LHCP 
electromagnetic radiation reflecting panels are Selected So 
that the window panel is Switched into its the optically 
transparent (i.e. clear) state of operation; 
0090 FIG. 11 is schematic cross-sectional diagram illus 
trating the construction of the first illustrative embodiment 
of the electrically-Switchable, circularly polarizing CLC 
panels used in the electro-optical glazing structures of 
FIGS. 10, 12 and 14; 
0091 FIG. 11A1 is a graphical representation of the 
reflection characteristics of the first embodiment of the 
electrically-switchable broad-band CLC panel of FIG. 10, 
measured prior to UV polymerization of the CLC material 
contained within the ITO coated Substrate plates of the 
panel, using un-polarized light; 

0092 FIG. 11A2 is a graphical representation of the 
reflection characteristics of the first embodiment of the 
electrically-switchable broad-band CLC panel of FIG. 10, 
measured Subsequent to UV polymerization of the CLC 
material contained within the ITO coated substrate plates of 
the panel, using right-handed and left-handed circularly 
polarized light; 

0093 FIG. 11A3 is a graphical representation of the 
reflection characteristics of the first embodiment of the 
electrically-switchable broad-band CLC panel of FIG. 10, 
measured during electrically inactive (no voltage applied) 
and electrically-active (voltage applied) states of operation 
using right-handed circularly polarized light; 

0094 FIG. 12 is an exploded perspective view of a sixth 
illustrative embodiment of the intelligent electro-optical 
window of the present invention, comprising an electrically 
passive L-phase retardation panel interposed between a first 
electrically-active RHCP electromagnetic radiation reflect 
ing panel and a Second electrically-active RHCP electro 
magnetic radiation reflecting panel, each made from CLC 
material having polarization-Selective reflection character 
istics over a broad-band region of the electromagnetic 
Spectrum, 

0.095 FIG. 12A is a schematic diagram of the LHCP 
electromagnetic radiation reflecting panel shown in FIG. 12, 
and its response to both RHCP and LHCP electromagnetic 
radiation incident thereto when operated in the RHCP radia 
tion reflecting State thereof; 

0096 FIG. 12B is a schematic representation of the 
electromagnetic radiation reflection characteristics of the 
RHCP electromagnetic radiation reflecting panels of FIG. 
12, over the broadband range of operation thereof A 
tion", when operated in the RHCP radiation reflecting 
State thereof; 

0097 FIG. 12C is a schematic diagram of the RHCP 
electromagnetic radiation reflecting panel shown in FIG. 12, 
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and its response to both RHCP and LHCP electromagnetic 
radiation incident thereto when operated in the radiation 
transmission State thereof; 

0.098 FIG. 12D is a schematic representation of the 
electromagnetic transmission characteristics of the RHCP 
electromagnetic radiation reflecting panels of FIG. 12, over 
the broadband range of operation thereof Aw RHCP transmission s 

when operated in the radiation transmission State thereof; 
0099 FIG. 13A is a schematic diagram illustrating the 
operation of the intelligent electro-optical window of FIG. 
12, where the control voltages provided to both RHCP 
electromagnetic radiation reflecting panels are Selected So 
that the window panel is switched into its the optically 
opaque State of operation; 

0100 FIG. 13B is a schematic diagram illustrating the 
operation of the intelligent electro-optical window of FIG. 
12, where the control voltages provided to both RHCP 
electromagnetic radiation reflecting panels are Selected So 
that the window panel is switched into its the optically 
transparent (i.e. clear) state of operation; 
0101 FIG. 14 is an exploded perspective view of a 
seventh illustrative embodiment of the intelligent electro 
optical window of the present invention, showing an elec 
trically-active LHCP electromagnetic radiation reflecting 
panel laminated to an electrically-active RHCP electromag 
netic radiation reflecting panel, each made from CLC mate 
rial having polarization-selective reflection characteristics 
over a broad-band region of the electromagnetic Spectrum; 

0102 FIG. 14A is a schematic diagram of the LHCP 
electromagnetic radiation reflecting panel shown in FIG. 14, 
and its response to both RHCP and LHCP electromagnetic 
radiation incident thereto when operated in its LHCP radia 
tion reflecting State; 

0103 FIG. 14B is a schematic representation of the 
electromagnetic radiation reflection characteristics of the 
LHCP electromagnetic radiation reflecting panel of FIG. 14, 
over its broadband range of operation Aw LHCP, when reflection 

operated in its LHCP radiation reflecting state; 

0104 FIG. 14C is a schematic diagram of the LHCP 
electromagnetic radiation reflecting panel shown in FIG. 14, 
and its response to both RHCP and LHCP electromagnetic 
radiation incident thereto when operated in its radiation 
transmission State; 

0105 FIG. 14D is a schematic representation of the 
electromagnetic radiation transmission characteristics of the 
LHCP electromagnetic radiation reflecting panel of FIG. 14, 
over its broadband range of operation Aw LHCP transmission s 

when operated in its radiation transmission State; 

0106 FIG. 14E is a schematic diagram of the RHCP 
electromagnetic radiation reflecting panel shown in FIG. 14, 
and its response to both RHCP and LHCP electromagnetic 
radiation incident thereto when operated in its RHCP radia 
tion reflecting State; 

0107 FIG. 14F is a schematic representation of the 
electromagnetic radiation reflection characteristics of the 
RHCP electromagnetic radiation reflecting panel of FIG. 14, 
over its broadband range of operation Aw RHCP, when reflection 

operated in its RHCP radiation reflecting state; 

Jan. 13, 2005 

0108 FIG. 14G is a schematic diagram of the RHCP 
electromagnetic radiation reflecting panel shown in FIG. 14, 
and its response to both RHCP and LHCP electromagnetic 
radiation incident thereto when operated in its radiation 
transmission State; 
0109 FIG. 14H is a schematic representation of the 
electromagnetic radiation transmission characteristics of the 
RHCP electromagnetic radiation reflecting panel of FIG. 14, 
over its broadband range of operation Austin'", 
when operated in its radiation transmission State; 
0110 FIG. 15A is a schematic diagram illustrating the 
operation of the intelligent electro-optical window of FIG. 
14, where the control voltages provided to both LHCP and 
RHCP electromagnetic radiation reflecting panels are 
selected so that the window panel is Switched into its the 
optically opaque State of operation; 
0111 FIG. 15B is a schematic diagram illustrating the 
operation of the intelligent electro-optical window of FIG. 
14, where the control voltages provided to both RHCP 
electromagnetic radiation reflecting panels are Selected So 
that the window panel is Switched into its the optically 
transparent (i.e. clear) state of operation; 
0112 FIG. 16A is a schematic diagram of a second, 
alternative embodiment of the electrically-switchable broad 
band CLC panel of FIG. 14, showing a portion of un 
polarized light being polarized in a first polarization State 
and reflected off CLC microflakes (i.e. CLC pigments) that 
are oriented in a parallel manner within electrically-active 
host nematic liquid crystal molecules homogeneously 
aligned between a pair of ITO coated plates, acroSS which no 
control Voltage is applied, while a Second portion of the 
un-polarized light is polarized in a Second polarization State 
and transmitted through the oriented CLC microflakes; 
0113 FIG. 16B is a schematic diagram of the second 
embodiment of the electrically-switchable broad-band CLC 
panel of FIG. 14, showing the un-polarized light being 
transmitted between CLC microflakes that are oriented in a 
Vertical manner within electrically-active host nematic liq 
uid crystal molecules homotropically aligned between a pair 
of ITO coated plates, acroSS which a control Voltage is 
applied; 

0114 FIGS. 17A and 17B show a first illustrative 
embodiment of an electrically-controllable light Scattering 
Structure mountable to any embodiment of the electro 
optical glazing structure of the invention disclosed or taught 
herein in order to Scatter that portion of incident light which 
is not reflected during its reflection-mode of operation, 
thereby improving the privacy function of the glazing Struc 
ture in the reflection mode, 

0115 FIGS. 18A and 18B show a second illustrative 
embodiment of an electrically-controllable light Scattering 
Structure mountable to any embodiment of the electro 
optical glazing structure of the invention disclosed or taught 
herein in order to reflect that portion of incident light which 
is not reflected during its reflection-mode of operation, 
thereby improving the privacy function of the glazing Struc 
ture in the reflection mode, 

0116 FIG. 18C shows a third illustrative embodiment of 
an electrically-controllable light Scattering structure mount 
able to any embodiment of the electro-optical glazing Struc 
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ture of the invention disclosed or taught herein in order to 
Scatter that portion of incident light which is not reflected 
during its reflection-mode of operation, thereby improving 
the privacy function of the glazing structure in the reflection 
mode, 
0117 FIG. 19 shows a fourth illustrative embodiment of 
an electrically-controllable light Scattering structure mount 
able to any embodiment of the electro-optical glazing Struc 
ture of the invention disclosed or taught herein in order to 
Scatter that portion of incident light which is not reflected 
during its reflection-mode of operation, thereby improving 
the privacy function of the glazing structure in the reflection 
mode, 
0118 FIG. 19A shows the electro-optical light scattering 
structure of FIG. 19 operated in its transmission mode, 
wherein no external voltage is applied (i.e. V=V); 
0119 FIGS. 19B and 19C show transmission and reflec 
tion characteristics for the mode of operation indicated in 
FIG. 19A; 
0120 FIG. 19D shows the electro-optical light scattering 
structure of FIG. 19 operated in its light scattering mode, 
wherein an external voltage V is applied across the ITO 
Surfaces (i.e. V=V); 
0121 FIGS. 19E and 19F show transmission and reflec 
tion characteristics for the mode of operation indicated in 
FIG. 19D; 
0122 FIG.20 shows a fifth illustrative embodiment of an 
electrically-controllable light Scattering Structure mountable 
to any embodiment of the electro-optical glazing Structure of 
the invention disclosed or taught herein in order to Scatter 
that portion of incident light which is not reflected during its 
reflection-mode of operation, thereby improving the privacy 
function of the glazing structure in the reflection mode, 
0123 FIG. 20A shows the electro-optical light scattering 
structure of FIG. 20 operated in its light scattering mode, 
wherein no external voltage is applied (i.e. V=V); 
0124 FIGS.20B and 20O show transmission and reflec 
tion characteristics for the mode of operation indicated in 
FIG. 20A; 
0.125 FIG.20D shows the electro-optical light scattering 
structure of FIG. 20 operated in its light transmission mode, 
wherein an external voltage V is applied across the ITO 
Surfaces (i.e. V=V); 
0126 FIGS. 20E and 20F show transmission and reflec 
tion characteristics for the mode of operation indicated in 
FIG. 20D; 
0127 FIGS. 21 through 21F provide a generalized 
description of the illustrative embodiment disclosed in 
FIGS. 6 and 8, wherein the electrically-passive broad-band 
polarizing layerS have different handedneSS in both the 
circularly polarizing (RHCP/LHCP) and linearly polarizing 
(LP1/LP2) system configurations; 
0128 FIGS. 22 through 22F provide a generalized 
description of the illustrative embodiments disclosed in 
FIGS. 2 and 4, wherein the electrically-passive broad-band 
polarizing layerS have the same handedness in both the 
circularly polarizing (LHCP/LHCP or RHCP/RHCP) and 
linearly polarizing (LP1/LP1 or LP2/LP2) system configu 
rations. 
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0129 FIGS. 23 through 23F provide a generalized 
description of the illustrative embodiment disclosed in 
FIGS. 14 through 15B, wherein the electrically-active 
broad-band polarizing layerS have a different handedness in 
the circularly polarizing (LHCP/LHCP or RHCP/RHCP) 
System configurations, and there is no optically active ele 
ment disposed between the electrically-active polarizing 
layers, 

0130 FIG. 24 shows an illustrative embodiment of the 
electro-optical glazing structure of the present invention 
comprising (1) a pair of electrically-passive broadband IR 
reflective polarizing panels for reflecting incident LHCP and 
RHCP light within the broad IR band and transmitting all 
other components of light, and (2) an electrically-controlled 
light Scattering panel for Selectively Scattering light over the 
visible band (when no external voltage is applied) So as to 
render the resulting glazing structure opaque to provide 
privacy behind the window structure into which is installed; 
0131 FIG. 24A shows the electro-optical glazing struc 
ture of FIG. 24 operated in scattering mode, wherein no 
external voltage (i.e. V=V) is applied to the electrically 
controlled Scattering panel; 

0132 FIGS. 24B and 24C show transmission and reflec 
tion characteristics for the mode of operation shown in FIG. 
24A, 
0.133 FIG. 24D shows the electro-optical light glazing 
structure of FIG. 24 operated in its total-transmission mode, 
wherein an external voltage V (i.e. V=V) is applied to 
electrically-controlled light Scattering panel; 

0134 FIGS. 24E and 24F show the transmission and 
reflection characteristics for the mode of operation shown in 
FIG.24D; 

0135 FIG.25 shows an other illustrative embodiment of 
the electro-optical glazing Structure of the present invention 
which is the reverse mode of the electro-optical glazing 
structure shown in FIG. 24; 
0.136 FIG. 25A shows the electro-optical glazing struc 
ture of FIG. 25 operated in its light transmission mode, 
wherein no external voltage (i.e. V=V) is applied to the 
electrically-controlled Scattering panel; 

0137 FIGS. 25B and 25C show transmission and reflec 
tion characteristics for the mode of operation shown in FIG. 
25A; 
0.138 FIG. 25D shows the electro-optical light glazing 
Structure of FIG. 24 operated in its light Scattering mode, 
wherein an external voltage V (i.e. V=V) is applied to 
electrically-controlled light Scattering panel; 

0139 FIGS. 25E and 25F show transmission and reflec 
tion characteristics for the mode of operation shown in FIG. 
25D; 

0140 FIG. 26 shows another embodiment of the electro 
optical glazing Structure of the present invention constructed 
by adding the broad-band IR filter panel shown in FIGS. 24 
and 25, to the electro-optical glazing structure shown in 
FIG. 22, wherein the broadband polarizing panels are each 
of the same handedness (e.g. RHCP/RHCP or LP1/LP1); 
0141 FIG. 26A shows the electro-optical glazing struc 
ture of FIG. 26 operated in its total-transmission mode, 
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wherein no external voltage (i.e. V=V) is applied to the It 
phase shifting panel disposed between the pair of broadband 
polarizing reflective panels thereof; 

0142 FIGS. 26B and 26Cshow transmission and reflec 
tion characteristics for the mode of operation shown in FIG. 
26A; 

0143 FIG. 26D shows the electro-optical light glazing 
structure of FIG. 26 operated in its partial-reflection/trans 
mission mode, wherein an external voltage V (i.e. V=V) is 
applied to the at phase shifting panel disposed between the 
pair of broadband polarizing reflective panels thereof; 

014.4 FIGS. 26E and 26F show the transmission and 
reflection characteristics for the mode of operation shown in 
FIG. 26D; 

0145 FIG. 27 shows another embodiment of the electro 
optical glazing Structure of the present invention which 
operates in the “reverse' mode of the glazing Structure of 
FIG. 26, and is constructed by adding the broad-band IR 
filter panel shown in FIGS. 24 and 25, to the electro-optical 
glazing structure shown in FIG. 21, wherein the broadband 
polarizing panels are each of different handedness (e.g. 
RHCP/LHCP or LP1/LP2); 
0146 FIG. 27A shows the electro-optical glazing struc 
ture of FIG.27 operated in its partial-reflection/transmission 
mode, wherein no external voltage (i.e. V=V) is applied to 
the C phase shifting panel disposed between the pair of 
broadband polarizing reflective panels thereof; 

0147 FIGS. 27B and 27C show transmission and reflec 
tion characteristics for the mode of operation shown in FIG. 
27A; 

0148 FIG. 27D shows the electro-optical light glazing 
structure of FIG. 27 operated in its total-reflection mode, 
wherein an external voltage V (i.e. V=V) is applied to the 
It phase shifting panel disposed between the pair of broad 
band polarizing reflective panels thereof; 

0149 FIGS. 27E and 27F show transmission and reflec 
tion characteristics for the mode of operation shown in FIG. 
27D; 

0150 FIG.28 shows another embodiment of the electro 
optical glazing Structure of the present invention constructed 
by adding the broad-band IR filter panel shown in FIGS. 24 
and 25, to the electro-optical glazing Structure shown in 
FIG. 23, wherein the electrically-active broadband polariz 
ing panels thereof are each of different handedness (i.e. 
RHCP/LHCP); 
0151 FIG. 28A shows the electro-optical glazing struc 
ture of FIG.28 operated in its total-reflection mode, wherein 
no external Voltage (i.e. V=V) is applied to the electri 
cally-active circularly-polarizing reflective panels thereof; 

0152 FIGS. 28B and 28Cshow transmission and reflec 
tion characteristics for the mode of operation shown in FIG. 
28A: 

0153 FIG. 28D shows the electro-optical light glazing 
structure of FIG. 26 operated in its total-transmission mode, 
wherein an external voltage V (i.e. V=V) is applied to the 
electrically-active circularly-polarizing reflective panels 
thereof; 

Jan. 13, 2005 

0154 FIGS. 28E and 28F shows transmission and 
reflection characteristics for the mode of operation shown in 
FIG. 28D; 
0155 FIGS. 29A through 29C show a broad-band 
reflector for use in constructing broad-band circularly (and 
linearly) polarizing reflective panels employed in any one of 
embodiments of the electro-optical glazing panel hereof. 

DETAILLED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS OF THE 

PRESENT INVENTION 

0156 Referring now to the accompanying Drawings, 
illustrative embodiments of the intelligent electro-optical 
window of the present invention will be described in great 
detail. In each of the figures, like Structures and elements 
shall be indicated by like reference numerals. 
0157. In FIGS. 1A and 1B, a generalized embodiment of 
the intelligent electro-optical glazing structure (i.e. window 
structure) of the present invention is shown installed within 
an environment (e.g. building or vehicle) having an interior 
Space or Volume adjacent the window Structure. Typically, 
the interior Space or Volume functions as a form of human 
habitat, although there may be applications in which this is 
not the case. Preferably, the intelligent electro-optical win 
dow Structure 1 cooperates with the heating/cooling System 
2A of a house, office building, factory or vehicle indicated 
by reference numeral 2. In Such preferred applications, the 
function of the electro-optical window structure will be to 
Selectively control the flow of electromagnetic radiation 
through its electro-optical glazing structure and into the 
interior Space, in order to minimize or reduce thermal 
loading upon the heating/cooling System of the environment. 
0158) As shown in FIGS. 1A and 1B, the electro-optical 
glazing Structure 1 comprises an electro-optical glazing 
panel 3 Securely Supported within a prefabricated window 
frame 4 which can be realized using virtually any Suitable 
material Such as, for example, plastic, metal, rubber, wood 
or composite material. Within the window frame, a number 
of System Subcomponents are Securely mounted, namely: a 
electromagnetic-radiation Sensor 5 for Sensing electromag 
netic conditions in the outside environment; a rechargeable 
type battery 6 for producing electrical power within the 
window frame; a electromagnetic-powered battery recharger 
7 for recharging the rechargeable battery 6, a micro-con 
troller (e.g. RISC-type micro-computer chip with onboard 
ROM, EPROM and RAM) 8 for controlling the battery 
recharger and glazing control signals as required by a 
radiation flow control program Stored within the micro 
computer chip; and electrical circuitry 9, response to glazing 
control Signals, for producing control Voltages that are 
applied to the electrically-active elements of the electro 
optical glazing Structure 3 to electrically Switch the same 
from one optical State to another optical State under micro 
controller control. 

0159. As shown in FIG. 1, when a first set of prepro 
grammed electromagnetic conditions (e.g. a first prespeci 
fied band of electromagnetic radiation having power above 
a first prespecified power threshold) is detected by electro 
magnetic-radiation Sensor, the electro-optical glazing Struc 
ture 3 is electrically switched to its totally-reflecting state of 
operation under the control of preprogrammed microcon 
troller 8. In this totally-reflecting state of operation, visible 
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and electromagnetic radiation is completely reflected off the 
glazing Structure over a broadband of Spectral wavelengths 
(e.g. 400 to 750 nanometers). 
0160. As shown in FIG. 1B, when a second set of 
preprogrammed electromagnetic conditions (e.g. a second 
prespecified band of electromagnetic radiation having power 
above a second prespecified power threshold) is detected by 
electromagnetic-radiation Sensor, the electro-optical glazing 
Structure 3 is electrically Switched to its transmission State of 
operation under the control of preprogrammed microcon 
troller 8. In this transmission State, Visible and electromag 
netic radiation is transmitted through the electro-optical 
glazing Structure over a broadband of Spectral wavelengths 
(e.g. 300 to 1000 nanometers). 
0.161 While only two particular reflection/transmission 
States are illustrated in the above generalized embodiment, 
it is understood that Virtually any set of reflection/transmis 
Sion characteristics can be realized by the window Structure 
of the present invention. In each Such alternative embodi 
ment, a particular Set of conditions can be predefined to 
trigger a change in the optical State of the electro-optical 
glazing Structure of the present invention. Then microcon 
troller is programmed to Switch the optical State of the 
glazing Structure upon detecting the corresponding condi 
tion. In alternative embodiments, the environmental condi 
tion or conditions which cause a Switching operation, need 
not be related to electromagnetic radiation, but may be 
related to moisture, barometric pressure, temperature, or any 
other parameter prespecified within the programmed micro 
controller 8. 

0162 While in theory there exists an infinite number of 
embodiments of the electro-optical glazing Structure of the 
present invention, Six different embodiments of the electro 
optical glazing Structure will be described in detail below in 
order to illustrate the inventive features thereof. Notably, 
each electro-optical glazing Structure of the present inven 
tion is realized using CLC material having polarization 
Selective reflection characteristics over a broad-band of 
operation (i.e. Selectively reflecting and/or transmitting 
RHCP and LHCP wavelengths over the IR, visible and UV 
portions of the electromagnetic spectrum). An excellent 
tutorial and Overview on the polarization-reflective proper 
ties of CLC materials and principles of polarization State 
conversion (i.e. linear-to-circular, circular-to-linear, linear 
to-linear, circular-to-circular, unpolarized-to-linear, and 
unpolarized-to-circular) can be found in Applicant's U.S. 
Pat. No. 5,221,982, incorporated herein by reference in its 
entirety. 

0163. By virtue of such ultra broad-band operating char 
acteristics of the electro-optical glazing material hereof, and 
the novel panel configurations disclosed herein, it is now 
possible to provide a level of electromagnetic radiation 
control hitherto unattainable by prior art Smart window 
Systems and methodologies. 

0164. First Illustrative Embodiment of the Electro-Opti 
cal Glazing Structure of the Present Invention 
0.165. The first illustrative embodiment of the electro 
optical glazing Structure hereof will be described with 
reference to FIGS. 2 through 3B. As shown in FIG. 2, the 
electro-optical glazing Structure of the first illustrative 
embodiment 10 comprises: an electrically-active L-phase 
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retardation panel 11 interposed between a pair of electri 
cally-passive right-hand circularly polarized (RHCP) elec 
tromagnetic radiation reflecting panels 12A and 12B, respec 
tively, for imparting a J-phase retardation to 
electromagnetic radiation transmitted therethrough in 
response to optical-state control Voltages applied acroSS the 
electrically-active L-phase retardation panel 11; and electri 
cally conductive means 13 for applying optical-State control 
Voltages to the electrically-active L-phase retardation panel 
11. Preferably, the electro-optical glazing structure of FIG. 
2 is mounted within a frame Structure as described in 
connection with the generalized embodiment shown in 
FIGS. 1A and 1B, and incorporates all of the power 
generation, electromagnetic radiation detection and micro 
control mechanisms thereof. 

0166 As illustrated in FIGS. 2A and 2B, electromag 
netic radiation having a RHCP polarization State and a 
wavelength inside the characteristic reflection bandwidth 
A reflection' of the RHCP electromagnetic radiation reflect 
ing panels 12A (12B) is 100% reflected directly therefrom 
without absorption, while electromagnetic radiation having 
either a LHCP polarization state and/or a wavelength outside 
the characteristic reflection bandwidth AJ' of the 
RHCP electromagnetic radiation reflecting panels 12A 
(12B) is transmitted 100% directly therethrough without 
absorption. Such electrically-passive, broad-band RHCP 
electromagnetic radiation reflecting panels can be made 
using the fabrication methods disclosed in International 
Publication No. WO 97/16762 entitled “Super Broad-Band 
Polarizing Reflective Material” incorporated herein by ref 
erence in its entirety. Alternatively, narrow-band RHCP 
electromagnetic radiation reflecting panels 12A(12B) can be 
made using the fabrication methods disclosed in U.S. Pat. 
No. 5,221,982 to Faris, or using the techniques disclosed in 
U.S. Pat. No. 5,506,704 to Broer, et al. each being incor 
porated herein by reference in its entirety. 

0.167 There are a number of different ways in which to 
fabricate broad-band electromagnetic radiation reflecting 
panels 12A (12B) using the Super broad-band, broad-band, 
narrow-band and spectrally-tunable CLC films taught in the 
above-cited references. 

0168 For example, broad-band circularly polarizing 
reflective panels 12A (12B) can be fabricated by producing 
sheets of Such CLC film and then laminating the CLC film 
sheets onto a Surface of glass or like Substrate material 
physically associated with the electrically-Switchable L-re 
tardation panel 11 interposed between the circularly polar 
izing CLC panels, as shown in FIGS. 2, 4, and 6, in 
particular. Notably, using the Spectral-tuning techniques 
disclosed in detail in International Publication No. WO 
97/16762, the CLC film hereof can be fabricated to have 
Virtually any desired set of polarization reflection charac 
teristics that would required by any particular application 
over a super broad-band of operation (e.g. from the UV 
region to the IR region of the electromagnetic spectrum). 
0169. Alternatively, sheets of Super-broad-band, broad 
band, narrow-band and/or spectrally-tuned CLC film can be 
produced as taught in the above references, and thereafter 
fragmented into microscopic sized CLC microflakes using 
film fragmentation techniques taught in U.S. Pat. No. 5,364, 
557. Then the CLC microflakes can be added to an optically 
transparent carrier fluid to produce a CLC ink or paint that 
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can then be applied to the exterior Surfaces of the glass 
Substrates used to construct the electrically-Switchable at 
retardation panel component of electro-optical glazing Struc 
tures, of the type shown in FIGS. 2, 4 and 6, for example. 
The concentration of the CLC microflakes and the viscosity 
of the carrier medium (e.g. lacquer, polymer, etc.) should be 
selected to ensure that when the coating of the CLC ink or 
paint is applied to a substrate, the CLC microflakes will be 
distributed within the carrier medium so that incident light 
reflects from the resulting CLC coating in a non-specular 
manner. This will ensure that the resulting coating produces 
a “Super-white' appearance in the eyes of on-viewers, 
providing a high measure of privacy, as well as aestethic 
value, highly desired in window applications. 

0170 In the illustrative embodiment of the glazing struc 
ture of FIG. 2, the characteristic reflection bandwidth AWelee. 
tion" of the RHCP electromagnetic radiation reflecting 
panel 12A is designed to be Substantially the same as 
characteristic reflection bandwidth Avents" of the 
LHCP electromagnetic radiation reflecting panel 12B. It is 
understood, however, that in alternative embodiments of the 
present invention, Such reflection bandwidth characteristics 
may be specifically designed to partially overlap, or be 
Separated from each other on the wavelength (i.e. frequency) 
domain in to provide desired reflection/transmission perfor 
mance characteristics. 

0171 In general, a T-cell (i.e. 1-retardation panel) or an 
electrically-controlled birefrigence (ECB) panel can be used 
to realize the electrically-Switchable L-phase retardatation 
panel 11 employed in the circularly polarizing reflective 
glazing structures of FIGS. 2, 4 and 6 hereof. Preferably, the 
techniques disclosed in U.S. Pat. No. 4,566,758 to Bos, 
incorporated herein by reference, are used to fabricate Such 
electrically-Switchable L-phase retardatation panels 11. For 
most applications, the bandwidth of prior art Ju-cells should 
be Sufficient to provide glazing Structures having operating 
characteristics over the visible portion of the electromag 
netic spectrum. However, in Some instances, it will be 
desirable to provide electro-optical glazing Structures having 
Super broad-band operation (i.e. from the IR region into the 
UV region of the spectrum). In Such applications, it will be 
necessary to extend the L-phase retardatation characteristics 
of the electrically-Switchable L-phase retardatation panel 
beyond the visible band. The following technique may be 
used to construct electrically-active (Switchable) at-retarda 
tion panels capable of Super broad-band operation. 

0172. As shown in FIG. 2E1, an electrically-switchable 
Super broadband JL-retardation panel can be constructed by 
interposing an electrically-active Structure linear polariza 
tion direction rotating panel such as TN, or STN, or CLC 
cell, between a pair of electrically-passive Super broad-band 
JL/2 retardation panels (shifters). As shown in FIG. 2E2, 
each Super broad-band TL/2-retardation panel is made by 
laminating, or depositing two or more broad-band or nar 
row-band JL/2 retardation layers, each made from different 
material and having JL/2 phase retardation characteristics 
centered about at different wavelength, as Schematically 
shown in FIG. 2E3. These subcomponent broad-band or 
narrow-band JL/2 retardation layers can be made from liquid 
crystal material, birefringent polymer, and crystals. 

0173 The function of each electrically-passive Super 
broad-band JL/2 retardation panel is to convert circularly 
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polarized light into linearly polarized light which can be 
polarization direction rotated by the electrically switchable 
TN, or STN, or CLC cell sandwiched between the pair of 
Super broad-band JL/2 retardation layers. The function of the 
TN (twist nematic), or STN (super twist nematic), or CLC 
cell is to operate as an electrically-Switchable optical rotator 
which rotates a linear polarization light by 90 when there is 
no electric field is applied across its ITO surfaces. If an 
electric field is applied, the optical rotation power of the 
elements disappears. This control over the electric field 
allows the glazing Structure to be Switched from its total 
reflection state to its half reflection state, or vice versa. When 
the electrically-Switchable polarization direction rotator is 
made from low-molecular weight (LMW) liquid crystal 
material having a chiral phase when no voltage is applied, 
then its selective wavelength of the should be located 
outside the window operating spectrum region. By control 
ling the helix of the CLC molecules in the chiral phase, as 
well as the total thickness thereof, a 90° rotation of a linear 
polarization can be achieved. 
0.174. In general, there are two different ways to configure 
electrically-switchable t retardation panel 11 in terms of 
external control voltages. In FIGS. 2C and 2D, these 
configurations are specified. 

0175. In FIG. 2C, the first embodiment of the L-phase 
retardation panel 1 is shown along with a specification of its 
various States of operation. AS shown, when a non-Zero 
Voltage (e.g. 20 Volts) is applied across the phase retardation 
panel, 0-phase retardation is imparted to electromagnetic 
radiation transmitted therethrough. When a control Voltage 
of Zero Volts is applied acroSS the phase retardation panel, it 
imparts a L-phase retardation to electromagnetic radiation 
transmitted therethrough having a wavelength within its 
operating band A, which is typically 300-1000 nanometers. 
0176). In FIG. 2D, a second embodiment of the L-phase 
retardation panel is shown along with a specification of its 
States of operation. AS shown, when a control Voltage of Zero 
Volts is applied acroSS this retardation panel, it imparts a 
O-phase shift to electromagnetic radiation having a wave 
length within its operating band which is typically 350 
nanometers, whereas JU-phase retardation is imparted to Such 
electromagnetic radiation when a non-zero Voltage (e.g. 
5-50 Volts) is applied thereacross. For wavelengths outside 
of the operating band, a phase shift other than t-radians is 
imparted to incident electromagnetic radiation when a non 
Zero Voltage is applied. 
0177 Physically interfacing the Subcomponent panels of 
the electro-optical glazing Structure of FIG. 2 can be 
achieved using conventional lamination techniques well 
known in the glazing art. 
0.178 The operation of the glazing structure of FIG. 2 
will now be described with reference to FIGS. 3A and 3B, 
where the L-phase retardation panel of FIG. 2C is used in 
the construction of the glazing Structure. 
0179. As shown in FIG. 3A, the electro-optical glazing 
structure of FIG. 2 is switched to its optically opaque state 
of operation by applying the appropriate control Voltage 
there across (e.g. V=0 Volts). In this optical State, the electro 
optical glazing structure reflects both LHCP and RHCP 
electromagnetic radiation within Ameneit" incident the 
window panel independent of the direction of propagation. 
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AS Such, the operation of this particular electro-optical 
glazing Structure is "symmetrical'. The physical mecha 
nisms associated with Such reflection processes are Sche 
matically illustrated in FIG. 3A. Inasmuch as 100% of 
incident electromagnetic radiation is reflected from the 
Surface of the electro-optical glazing Structure, this glazing 
structure is “totally reflective” in this state of operation. 

0180. As shown in FIG. 3B, the electro-optical glazing 
structure of FIG. 2 is switched to its optically semi-trans 
parent (i.e. semi-clear State) of operation by applying the 
appropriate control voltage there across (e.g. V=20 Volts). In 
this optical State, the electro-optical glazing Structure reflects 
RHCP electromagnetic radiation within Ant" inci 
dent the window panel independent of the direction of 
propagation, while transmitting LHCP electromagnetic 
radiation falling incident the window panel independent of 
the direction of electromagnetic radiation propagation. The 
physical mechanisms associated with Such reflection and 
transmission processes are Schematically illustrated in FIG. 
3A. Inasmuch as 50% of incident electromagnetic radiation 
is transmitted through the electro-optical glazing Structure, 
while 50% of such electromagnetic radiation is reflected 
therefrom, this glazing Structure can be Said to “partially 
transmissive' in this State of operation. 

0181 Second Illustrative Embodiment of the Electro 
Optical Glazing Structure of the Present Invention 

0182. The second illustrative embodiment of the electro 
optical glazing Structure hereof will be described with 
reference to FIGS. 4 through 5B. As shown in FIG. 4, the 
electro-optical glazing Structure of the Second illustrative 
embodiment 14 comprises: an electrically-active (i.e. Swit 
chable) L-phase retardation panel 11 interposed between a 
pair of electrically-passive left-hand circularly polarizing 
(LHCP) electromagnetic radiation reflecting panels 15A and 
15B, respectively; and electrically conductive means 16 for 
applying optical-State control Voltages to the electrically 
active L-phase retardation panel 11. Preferably, the electro 
optical glazing structure of FIG. 4 is mounted within a 
frame Structure as described in connection with the gener 
alized embodiment shown in FIGS. 1A and 1B, and incor 
porates all of the power generation, electromagnetic radia 
tion detection and micro-control mechanisms thereof. 

0183) As illustrated in FIGS. 4A and 4B, electromag 
netic radiation having a LHCP polarization State and a 
wavelength inside the characteristic reflection bandwidth 
A reflection' of the LHCP electromagnetic radiation reflect 
ing panels 15A, 15B is reflected directly therefrom without 
absorption, while electromagnetic radiation having either a 
RHCP polarization state and/or a wavelength outside the 
characteristic reflection bandwidth Ant" of the 
LHCP electromagnetic radiation reflecting panels is trans 
mitted directly therethrough without absorption. Such elec 
trically-passive, broad-band LHCP electromagnetic radia 
tion reflecting panels can be made using the fabrication 
methods disclosed in International Publication No. WO 
97/16762, Supra. In the preferred embodiment, the broad 
band RHCP electromagnetic radiation reflecting panels 12A 
(12B) are fabricating by applying a coating of CLC-based 
ink (with suspended CLC flakes therein) onto a conventional 
glass panel, as taught in International Publication No. WO 
97/16762, Supra. Alternatively, narrow-band RHCP electro 
magnetic radiation reflecting panels can be made using the 
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fabrication methods disclosed in U.S. Pat. No. 5,506,704 to 
Broer, et al, or the methods disclosed in U.S. Pat. No. 
5,221,982 to Faris. 
0184 Physically interfacing panels 11, 15A and 15B of 
the electro-optical glazing Structure of FIG. 4 can be 
achieved using conventional lamination techniques well 
known in the glazing art. 
0185. In the illustrative embodiment of the glazing struc 
ture of FIG. 4, characteristic reflection bandwidth Avetection. 
''' of the LHCP electromagnetic radiation reflecting panel 
15A is designed to be Substantially the Same as characteristic 
reflection bandwidth AJ' of the LHCP electro 
magnetic radiation reflecting panel 15B. It is understood, 
however, that in alternative embodiments of the present 
invention, Such reflection characteristics may be specifically 
designed to partially overlap, or be separated from each 
other on the wavelength (i.e. frequency) domain in to 
provide desired reflection/transmission performance charac 
teristics. 

0186 The electrically-active L-retardation panel 11 can 
be constructed using any of the techniques described in 
detail above. 

0187. The operation of the glazing structure of FIG. 4 
will now be described with reference to FIGS. 5A and 5B, 
where the L-phase retardation panel 11 of FIG. 2C is used 
in the construction of the glazing Structure. 
0188 As shown in FIG. 5A, the electro-optical glazing 
structure of FIG. 4 is switched to its optically opaque state 
of operation by applying the appropriate control Voltage 
thereacross (i.e. V=0 Volts). In this optical state, the electro 
optical glazing structure 14 reflects both LHCP and RHCP 
electromagnetic radiation within Avni" incident the 
window panel, independent of its direction of propagation. 
AS Such, the operation of this particular electro-optical 
glazing Structure is "symmetrical'. The physical mecha 
nisms associated with Such reflection processes are Sche 
matically illustrated in FIG. 5A. Inasmuch as 100% of 
incident electromagnetic radiation is reflected from the 
Surface of the electro-optical glazing Structure, this glazing 
structure is “totally reflective” in this state of operation. 
0189 As shown in FIG. 5B, the electro-optical glazing 
structure of FIG. 4 is switched to its optically semi-trans 
parent (i.e. semi-clear State) of operation by applying the 
appropriate control voltage thereacross (i.e. V=20 Volts). In 
this optical State, the electro-optical glazing Structure 14 
reflects LHCP electromagnetic radiation within Avellection. 
HCP incident the window panel, independent of its direction 
of propagation, while transmitting RHCP electromagnetic 
radiation within Auense" incident the window panel, 
independent of the direction of electromagnetic radiation 
propagation. AS Such, the operation of this particular electro 
optical glazing Structure is “symmetrical'. The physical 
mechanisms associated with Such reflection and transmis 
sion processes are schematically illustrated in FIG. 5A. 
Inasmuch as 50% of incident electromagnetic radiation is 
transmitted through the electro-optical glazing Structure, 
while 50% of such electromagnetic radiation is reflected 
therefrom, this glazing Structure is “partially transmissive” 
in this State of operation. 
0190. Third Illustrative Embodiment of the Electro-Op 
tical Glazing Structure of the Present Invention 
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0191). The third illustrative embodiment of the electro 
optical glazing Structure hereof will be described with 
reference to FIGS. 6 through 7B. As shown in FIG. 6, the 
electro-optical glazing Structure of the third illustrative 
embodiment 17 comprises: an electrically-active L-phase 
retardation panel 11 interposed between an electrically 
passive LHCP electromagnetic radiation reflecting panel 
18A and an electrically-passive RHCP electromagnetic 
radiation reflecting panel 18B; and electrically conductive 
means 19 for applying optical-state control Voltages to the 
electrically-active L-phase retardation panel 11. Preferably, 
the electro-optical glazing Structure of FIG. 6 is mounted 
within a frame Structure as described in connection with the 
generalized embodiment shown in FIGS. 1A and 1B, and 
incorporates all of the power generation, electromagnetic 
radiation detection and micro-control mechanisms thereof. 

0192 As illustrated in FIGS. 6A and 6B, electromag 
netic radiation having a LHCP polarization State and a 
wavelength inside the characteristic reflection bandwidth 
A reflection' of the LHCP electromagnetic radiation reflect 
ing panel 18A is reflected directly therefrom without absorp 
tion, while electromagnetic radiation having either a RHCP 
polarization State and/or a wavelength outside the charac 
teristic reflection band Ant" of the LHCP electro 
magnetic radiation reflecting panel is transmitted directly 
therethrough without absorption. In the preferred embodi 
ment, the broad-band RHCP electromagnetic radiation 
reflecting panels 18A are fabricating by applying a coating 
of CLC-based ink (with Suspended CLC flakes therein) onto 
a conventional glass panel, as taught in International Pub 
lication No. WO 97/16762, and described hereinabove. 
Alternatively, narrow-band RHCP electromagnetic radiation 
reflecting panels 18A can be made using the fabrication 
methods disclosed in U.S. Pat. No. 5,221,982 to Faris, and 
while leSS preferred, using the methods disclosed in U.S. 
Pat. No. 5,506,704 to Broer, et al. 

0193 As illustrated in FIGS. 6C and 6D, electromag 
netic radiation having a RHCP polarization State and a 
wavelength inside the characteristic reflection bandwidth 
A reflection' of the RHCP electromagnetic radiation reflect 
ing panel 18B is reflected directly therefrom without absorp 
tion, while electromagnetic radiation having either a LHCP 
polarization State and/or a wavelength outside the charac 
teristic reflection bandwidth Ant" of the RHCP 
electromagnetic radiation reflecting panel is transmitted 
directly therethrough without absorption. In the preferred 
embodiment, the broad-band RHCP electromagnetic radia 
tion reflecting panels 18B are fabricating by applying a 
coating of CLC-based ink (with suspended CLC flakes 
therein) onto a conventional glass panel, as taught in Inter 
national Publication No. WO97/16762, and described here 
inabove. Alternatively, narrow-band RHCP electromagnetic 
radiation reflecting panels 18B can be made using the 
fabrication methods disclosed in U.S. Pat. No. 5,221,982 to 
Faris, and using the less preferred techniques disclosed in 
U.S. Pat. No. 5,506,704 to Broer, et al. 

0194 In the illustrative embodiment of the glazing struc 
ture of FIG. 6, characteristic reflection bandwidth Avetection. 
''' of the RHCP electromagnetic radiation reflecting panel 
18B is designed to be substantially the same as characteristic 
reflection bandwidth Ant" of the LHCP electro 
magnetic radiation reflecting panel 18A. It is understood, 
however, that in alternative embodiments of the present 
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invention, Such reflection bandwidth characteristics may be 
Specifically designed to partially overlap, or be separated 
from each other on the wavelength (i.e. frequency) domain 
in to provide desired reflection/transmission performance 
characteristics. 

0.195 Electrically-active It retardation panel 11 can be 
realized using any of the construction techniques described 
in detail above. Physically interfacing panels 11, 18A and 
18B of the electro-optical glazing structure of FIG. 6 can be 
achieved using conventional lamination techniques well 
known in the glazing art. 

0196. The operation of the glazing structure of FIG. 6 
will now be described with reference to FIGS. 7A and 7B, 
where the L-phase retardation panel 11 of FIG. 2C is used 
in the construction of the glazing Structure. 
0.197 As shown in FIG. 7A, the electro-optical glazing 
structure of FIG. 6 is switched to its semi-optically trans 
parent (i.e. clear) state of operation by applying the appro 
priate control voltage thereacross (i.e. V=0 Volts). In this 
optical State, the electro-optical glazing Structure reflects 
LHCP electromagnetic radiation within AW, incident 
on the LHCP electromagnetic radiation reflecting panel 18A 
of the window panel, while transmitting RHCP electromag 
netic radiation within Auense" incident thereto and 
converting the same into LHCP electromagnetic radiation by 
the L-phase shifter as it emanates from the RHCP electro 
magnetic radiation reflecting panel 18B. In this optical State, 
the electro-optical glazing structure reflects RHCP electro 
magnetic radiation within A ense" incident on the 
RHCP electromagnetic radiation reflecting panel 18B of the 
window panel, while transmitting LHCP electromagnetic 
radiation within Anne'" incident thereto and con 
Verting the same into RHCP electromagnetic radiation as it 
emanates from the LHCP electromagnetic radiation reflect 
ing panel 18A. AS Such, the operation of this particular 
electro-optical glazing Structure is "asSymmetrical'. The 
physical mechanisms associated with Such reflection and 
transmission-reflection processes are Schematically illus 
trated in FIG. 7A in great detail. Inasmuch as 50% of 
incident electromagnetic radiation is transmitted through the 
electro-optical glazing Structure, while 50% of Such elec 
tromagnetic radiation is reflected therefrom, this glazing 
Structure is “partially transmissive' in this State of operation. 
0198 As shown in FIG. 7B, the electro-optical glazing 
structure of FIG. 6 is switched to its optically opaque state 
of operation by applying the appropriate control Voltage 
thereacross (i.e. V=20 Volts). In this optical state, the elec 
tro-optical glazing structure reflects LHCP and RHCP elec 
tromagnetic radiation within Aven" incident on the 
LHCP electromagnetic radiation reflecting panel of the 
window panel. In this optical State, the electro-optical glaz 
ing structure 17 also reflects RHCP and LHCP electromag 
netic radiation within Ant" incident on the RHCP 
electromagnetic radiation reflecting panel 18B of the win 
dow panel. AS Such, the operation of this particular electro 
optical glazing Structure is “symmetrical'. The physical 
mechanisms associated with Such reflection and transmis 
Sion-reflection processes are Schematically illustrated in 
FIG. 7B in great detail. Inasmuch as 100% of incident 
electromagnetic radiation is reflected from the Surface of the 
electro-optical glazing Structure, this glazing Structure is 
“totally reflective” in this state of operation. 
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0199 Fourth Illustrative Embodiment of the Electro 
Optical Glazing Structure of the Present Invention 
0200. The fourth illustrative embodiment of the electro 
optical glazing Structure hereof will be described with 
reference to FIGS. 8 through 9B. As shown in FIG. 8, the 
electro-optical glazing structure of the fourth illustrative 
embodiment 19 comprises: an electrically-passive linear 
polarization direction rotating panel 19C interposed between 
a first electrically-active linearly polarizing electromagnetic 
radiation reflecting panel 19A having linearly polarization 
state LP1, and a second electrically-active LHCP electro 
magnetic radiation reflecting panel 19C having linearly 
polarization State LP2, Orthogonal to LP1 or parallel; and 
electrically conductive means 19D for applying optical-State 
control voltages to the electrically-active LHCP electromag 
netic radiation reflecting panels 19B and 19C. Preferably, 
the electro-optical glazing structure of FIG. 8 is mounted 
within a frame Structure as described in connection with the 
generalized embodiment shown in FIGS. 1A and 1B, and 
incorporates all of the power generation, electromagnetic 
radiation detection and micro-control mechanisms thereof. 

0201 In FIGS. 8A and 8B, the reflection characteristics 
of electrically-passive LP1 electromagnetic radiation 
reflecting panel 19B are illustrated. AS shown, electromag 
netic radiation having a LP1 polarization State and a wave 
length inside the characteristic reflection bandwidth Aweilee. 
tion' of the LP1 electromagnetic radiation reflecting panel is 
reflected directly therefrom without absorption, while elec 
tromagnetic radiation having either a LP2 polarization State 
and/or a wavelength outside the characteristic reflection 
bandwidth Avenin' on of the LP2 electromagnetic 
radiation reflecting panel is transmitted directly there 
through without absorption. 
0202) In FIGS. 8C and 8D, the reflection characteristics 
of electrically-active LP2 electromagnetic radiation reflect 
ing panel 19C are illustrated. As shown in FIGS. 8C and 
8D, electromagnetic radiation having a LP1 polarization 
State and any wavelength within transmission bandwidth 
Aransmission' is transmitted directly through the glazing panel 
without absorption, while electromagnetic radiation having 
either a LP2 polarization State and/or a wavelength outside 
the characteristic reflection bandwidth Aven" of the 
LP2 electromagnetic radiation reflecting panel is transmitted 
directly therethrough without absorption. 
0203 Electrically-passive LP1 and LP2 polarization 
reflective panels 19A and 19B can be made from Super 
broad-band CLC film taught in International Publication No. 
WO 97/16762 by Reveo, Inc., and while less preferred, 
using the fabrication methods disclosed in U.S. Pat. No. 
5,221,982 to Faris, and in U.S. Pat. No. 5,506,704 to Broer, 
et al, each of these references incorporated herein by refer 
ence in its entirety. These applications disclose how to make 
circularly polarizing reflective CLC films. Such films can be 
converted into linearly polarizing CLC films using the novel 
phase-retardation imparting techniques taught in great detail 
in International Application Serial No. PCT/US97/20091 
entitled “Liquid Crystal Film Structures With Phase-Retar 
dation Surface Regions Formed Therein” by Reveo, Inc., 
incorporated herein by reference in its entirety. The methods 
taught therein allows one to make an electrically-passive, 
broad-band linear polaring panel from a single layer of CLC 
film material, without laminating a U/2 phase-retardation 
panel to a layer of circularly polarizing CLC film. 
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0204 An alternative method of making broad-band lin 
early polarizing reflective panels 19A and 19B is disclosed 
in U.S. Pat. No. 5,506,704 to Broer, et al. However, the 
fabrication techniques disclosed therein are leSS preferred 
than those taught in International Application Serial No. 
PCT/US97/20091, as the technique disclosed in U.S. Pat. 
No. 5,506,704 requires laminating a 1/2 phase retardation 
panel to a circularly polarizing CLC film layer, which 
complicates manufacture and increases manufacturing costs. 
0205 The electronically-switchable linear polarization 
direction rotating panel 19C employed in the electro-optical 
glazing Structure of FIG. 8 can be realized as an electrically 
controlled birefrigence (ECB) cell, surface stabilized ferro 
electric liquid crystal (SSFLC) cell, twisted nematic (TN) 
liquid crystal cell, Super-twisted nematic (STN) liquid crys 
tal cell, or CLC cell, whose operation is controlled by a 
control Voltage well known in the art. To construct the linear 
polarization rotating cell 19C, a layer of liquid crystal 
material is contained between a Spaced apart pair of glass 
panels bearing layers of ITO on the interior Surfaces thereof, 
and rubbed polyimide to provide liquid crystal alignment in 
a manner well known in the art. The ITO layers are used to 
create the necessary Voltage acroSS the layer of liquid crystal 
material and align the liquid crystal molecules, thereby 
preventing rotation of the polarization direction of linearly 
polarized light being transmitted therethrough during opera 
tion of the electro-optical glazing structure. 
0206 Physically interfacing panels 19A, 19B and 19C of 
the electro-optical glazing structure of FIG. 8 can be 
achieved using conventional lamination techniques well 
known in the glazing art. 
0207. The operation of the glazing structure of FIG. 8 
will now be described with reference to FIGS. 9A and 9B. 

0208. As shown in FIG. 9A, the electro-optical glazing 
structure of FIG. 8 is switched to its optically opaque state 
of operation by not applying a control Voltage thereacroSS 
(i.e. V=0). In this optical State, the electro-optical glazing 
structure 19 reflects LP1 electromagnetic radiation within 
A election' incident on the LP1 electromagnetic radiation 
reflecting panel without adsorption, while transmitting LP2 
electromagnetic radiation within Amenei''' incident 
thereto without adsorption. Also in this optical State, the 
electro-optical glazing Structure 19 reflects LP2 electromag 
netic radiation within Asensei' incident on the LP2 
electromagnetic radiation reflecting panel without adsorp 
tion, while transmitting LP1 electromagnetic radiation 
within A neit' incident thereto without adsorption. AS 
Such, the operation of this particular electro-optical glazing 
Structure is "asSymmetrical'. The physical mechanisms 
asSociated with Such reflection processes are Schematically 
illustrated in FIG. 9A in great detail. Inasmuch as 50% of 
incident electromagnetic radiation is reflected from the 
electro-optical glazing Structure and 50% of incident elec 
tromagnetic radiation is transmitted through the electro 
optical glazing Structure, this glazing Structure is “partially 
reflective' in this state of operation. 
0209 As shown in FIG. 9B, the electro-optical glazing 
structure of FIG. 8 is Switched to its optically transparent 
(i.e. clear) state of operation by applying the appropriate 
control voltage there across (i.e. V=1). In this optical State, 
the electro-optical glazing structure 19 reflects both LP1 and 
LP2 electromagnetic radiation within Aw and reflection 
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Avenesis" incident on either electromagnetic radiation 
reflecting panel of the window panel without adsorption, 
independent of the direction of propagation of the incident 
electromagnetic radiation. AS Such, the operation of this 
particular electro-optical glazing Structure is “symmetrical'. 
The physical mechanisms associated with Such transmission 
processes are schematically illustrated in FIG. 9B in great 
detail. Inasmuch as 100% of incident electromagnetic radia 
tion is transmitted through the electro-optical glazing Struc 
ture, this glazing Structure is “totally opaque’ in this State of 
operation. 
0210. The electro-optical glazing structure of FIG. 8 can 
be readily adapted to exhibit “asymmetrical” reflection/ 
transmission characteristics over its broad-band of operation 
by tuning the Spectral transmission characteristics of both 
the CLC-based LP1 and LP2 electromagnetic radiation 
reflecting panels 19A and 19B of the illustrative embodi 
ment So that the spectral reflection (and transmission) band 
width characteristics thereof are either completely or par 
tially overlapping or are separated on the wavelength (i.e. 
frequency) domain. Using Such CLC-tuning techniques, it is 
possible to create an electro-optical glazing Structure having 
the construction of FIG. 8 which, when Switched to its first 
optical State, is capable of totally reflecting electromagnetic 
radiation within a desired reflection band (e.g. within the 
ultraviolet and infrared bands) in a first direction defined 
with respect to the panel, and when Switched to its Second 
optical State, totally transmitting electromagnetic radiation 
Within Such reflection band. 

0211 Fifth Illustrative Embodiment of the Electro-Opti 
cal Glazing Structure of the Present Invention 
0212. The fifth illustrative embodiment of the electro 
optical glazing Structure hereof will be described with 
reference to FIGS. 10 through 11C2. 
0213 As shown in FIG. 10, the electro-optical glazing 
structure of the fifth illustrative embodiment 20 comprises: 
an electrically-passive L-phase retardation panel 21 inter 
posed between a first electrically-active LHCP electromag 
netic radiation reflecting panel 22A and a Second electri 
cally-active LHCP electromagnetic radiation reflecting 
panel 22B, and electrically conductive means 23 for apply 
ing optical-state control Voltages to the electrically-active 
LHCP electromagnetic radiation reflecting panels 22A and 
22B. Preferably, the electro-optical glazing structure of FIG. 
10 is mounted within a frame structure as described in 
connection with the generalized embodiment shown in 
FIGS. 1A and 1B, and incorporates all of the power 
generation, electromagnetic radiation detection and micro 
control mechanisms thereof. 

0214) In FIG. 10A, electrically-active LHCP electromag 
netic radiation reflecting panel 22A is shown operated in its 
electrically inactive state (i.e. when V=0). As shown in FIG. 
10C, electromagnetic radiation having a LHCP polarization 
State and a wavelength inside the characteristic reflection 
bandwidth Ant" of the LHCP electromagnetic 
radiation reflecting panel is reflected directly therefrom 
without absorption, while electromagnetic radiation having 
either a RHCP polarization state and/or a wavelength outside 
the characteristic reflection bandwidth Ant" of the 
LHCP electromagnetic radiation reflecting panel is trans 
mitted directly therethrough without absorption. 
0215. In FIG. 10B, the electrically-active LHCP electro 
magnetic radiation reflecting panel 22B is shown operated in 
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its electrically active state (i.e. when V=1). As shown in 
FIG. 10D, electromagnetic radiation having a LHCP or 
RHCP polarization state and any wavelength within trans 
mission bandwidth Aust" is transmitted directly 
through the glazing panel without absorption. 
0216) The electrically-passive L-phase retardation panel 
21 employed in the electro-optical glazing Structure of FIG. 
10 can made from any material having a permanent bire 
fringence which imparts to a L-phase retardation to electro 
magnetic radiation (within the operational band of the 
device). This panel can be fabricated from PVA, nematic 
liquid crystal, mica, etc. in a manner well known in the art. 
Methods for making Such optical devices are disclose in 
U.S. Pat. No. 5,113,285 to Franklin, et al., incorporated 
herein by reference. 
0217 Electrically-switchable circularly polarizing reflec 
tive panels 22A and 22B can be fabricated using the con 
struction techniques illustrated in FIGS. 11 through 11A3. 
AS shown in FIG. 11, each Such panel generally comprises 
a pair of optically transparent plates 22A1 and 22A2 (e.g. 
made of glass, acrylic, etc.) spaced apart by a spacers 22A3 
in a manner known in the art. In the illustrative embodiment, 
the Spacing between the plates is about 20 microns, however, 
it is understood that Such dimensions may vary from 
embodiment to embodiment of the invention. The internal 
surfaces of the plates are coated with a layer of ITO material 
22A4 and 22A to form optically transparent electrode Sur 
faces. A polyimide coating is applied over the ITO layers, 
which is then rubbed to create director (i.e. alignment) 
Surfaces for liquid crystal molecules to Spontaneously order 
in accordance with the chiral phase, in a manner well known 
in the art. Electrical leads are attached to the ITO layers. 
0218. Having formed a cell between the spaced apart 
plates 22A1 and 22A2, a cholesteric liquid crystal (CLC) 
mixture 22A6 is prepared and then poured into the interior 
volume of the “cell” formed between the plates and spacers. 
In the illustrative embodiment set forth in FIG. 10, a 
“left-hand CLC formula” must be used to make the CLC 
mixture for the electrically Switchable LCHP panels 22A and 
22B. In the illustrative embodiment set forth in FIG. 12, a 
“right-hand CLC formula” must be used to make the CLC 
mixture for the electrically Switchable RCHP panels 25A 
and 25B. In the illustrative embodiment set forth in FIG. 14, 
a “left-hand CLC formula” must be used to make the CLC 
mixture for the electrically Switchable LHCP panel 28A, and 
a “right-hand CLC formula” must be used to make the CLC 
mixture for the electrically Switchable RHCP panel 28B. 
These CLC formulas will be described in detail below. 

0219. According to the left-handed CLC formula, the 
following material components are measured and mixed 
together in a vessel, in the hereinafter Specified "by weight' 
proportions, namely: 1 weight unit of liquid crystal poly 
merizable material having a left-handed cholesteric order 
(phase) (e.g. CC4039L from Wacker Chemical, Germany); 
49.4 weight units of low-molecular weight nematic liquid 
crystal material (e.g. E7 from EMI, Inc. of Hawthorne, 
N.Y.); 0.026 weight units of UV photointiator (e.g. IG184 
from Ciba Gigy); 0.30 weight units of a first left-handed 
chiral additive (e.g. R1011 from EMI, Inc.); and 0.42 weight 
units of a second left-handed chiral additive (e.g. CB15 from 
EMI, Inc.). 
0220 According to the right-handed CLC formula, the 
following material components are measured and mixed 
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together in a vessel, in the hereinafter Specified "by weight' 
proportions, namely: 1 weight unit of liquid crystal poly 
merizable material having a right-handed cholesteric order 
(phase) (e.g. CC4039R from Wacker Chemical, Germany); 
49.4 weight units of low-molecular weight nematic liquid 
crystal material (e.g. E7 from EMI, Inc. Of Hawthorne, 
N.Y.); 0.026 weight units of UV photointiator (e.g. IG184 
from Ciba-Gigy); 0.30 weight units of a first right-handed 
chiral additive (e.g. R1011 from EMI, Inc.); and 0.42 weight 
units of a second right-handed chiral additive (e.g. CB15 
from EMI, Inc.). The spectral reflection characteristics for 
this particular right-handed CLC material (prior to UV 
polymerization) are shown in FIG. 11A1. 
0221. After the appropriate CLC mixture has been made 
and poured into the cell region between the glass plates 
22A1 and 22A2, the panel Structure is placed in a tempera 
ture-controlled curing cabinet containing a UV light Source 
of controlled light intensity. The CLC panel structure is then 
cured within the cabinet. For the case of the above-described 
embodiment, using the above-described CLC mixture for 
mulas, the CLC structure is cured for 12 hours while being 
maintained at 25 C. and exposed to UV light of 365 nm and 
power density 0.72 mW/cm°. 
0222. In FIG. 11A1, the reflection characteristics of the 
RHCPCLC panel prior to UV polymerization are shown. In 
FIG. 11A2, the reflection characteristics for the RHCP CLC 
panel after UV polymerization are shown when no voltage 
has been applied across the ITO coated plates. Notably, after 
UV polymerization, the reflection bandwidth of the CLC 
material has doubled. In FIG. 11A3, the reflection charac 
teristics for the RHCPCLC panel are shown when a voltage 
has been applied. Notably, the big reflection peak shown in 
FIG. 11A2 disappears due to the unwinding of the CLC 
helix of the CLC panel in the presence of the electric field 
created by the applied Voltage. However, a weak peak is still 
observed in the reflection characteristics of this example due 
to the fact that the applied Voltage had not been high 
Sufficiently high enough intensity. 
0223 Having constructed the various Subcomponents of 
the electro-optical glazing structure of FIG. 10, panels 21, 
22A and 22B can then be physically interfaced as an integral 
unit using conventional lamination techniques well known 
in the glazing art. 
0224. The operation of the glazing structure shown in 
FIG. 10 will now be described with reference to FIGS. 10E 
and 10F. 

0225. As shown in FIG. 10E, the electro-optical glazing 
structure of FIG. 10 is Switched to its optically opaque state 
of operation by not applying a control Voltage thereacroSS 
(i.e. V=0). In this optical State, the electro-optical glazing 
structure 20 reflects LHCP and RHCP electromagnetic 
radiation within Ant" incident on either LHCP 
electromagnetic radiation reflecting panel without adsorp 
tion, independent of the direction of propagation thereof, as 
shown in FIG. 10E. As such, the operation of this particular 
electro-optical glazing Structure is “symmetrical'. The 
physical mechanisms associated with Such reflection pro 
cesses are schematically illustrated in FIG. 10E in great 
detail. Inasmuch as 100% of incident electromagnetic radia 
tion is transmitted through the electro-optical glazing Struc 
ture, this glazing Structure is “totally reflective' in this State 
of operation. 
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0226. As shown in FIG. 10F, the electro-optical glazing 
structure of FIG. 10 is Switched to its optically transparent 
(i.e. clear) state of operation by applying the appropriate 
control voltage there across (i.e. V=1). In this optical State, 
the electro-optical glazing structure 20 transmits both LHCP 
and RHCP electromagnetic radiation within Aus' 
on incident on either LHCP electromagnetic radiation 
reflecting panel of the window panel without adsorption, 
independent of the direction of propagation of the incident 
electromagnetic radiation. AS Such, the operation of this 
particular electro-optical glazing Structure is “symmetrical'. 
The physical mechanisms associated with Such transmission 
processes are schematically illustrated in FIG. 10F in great 
detail. Inasmuch as 100% of incident electromagnetic radia 
tion is transmitted through the electro-optical glazing Struc 
ture, this glazing Structure is “totally transmissive' in this 
State of operation. 
0227. The electro-optical glazing structure of FIG. 10 
can be readily adapted to exhibit “asymmetrical” reflection/ 
transmission characteristics over its broad-band of operation 
by tuning the Spectral transmission characteristics of both 
the CLC-based LHCP electromagnetic radiation reflecting 
panels 22A and 22B So that the spectral reflection (and 
transmission) bandwidth characteristics thereof are either 
completely or partially overlapping or are Separated on the 
wavelength (i.e. frequency) domain. Using Such CLC-tuning 
techniques, it is possible to create an electro-optical glazing 
structure having the construction of FIG. 10 which, when 
Switched to its first optical state, is capable of totally 
reflecting electromagnetic radiation within a desired reflec 
tion band (e.g. within the ultraviolet and infrared bands) in 
a first direction defined with respect to the panel, and when 
Switched to its Second optical State, totally transmitting 
electromagnetic radiation within Such reflection band. 
0228 Sixth Illustrative Embodiment of the Electro-Op 
tical Glazing Structure of the Present Invention 
0229. The sixth illustrative embodiment of the electro 
optical glazing Structure hereof will be described with 
reference to FIGS. 12 through 13B. 
0230. As shown in FIG. 12, the electro-optical glazing 
structure of the sixth illustrative embodiment 24 comprises: 
an electrically-passive L-phase retardation panel 21 inter 
posed between a first electrically-active RHCP electromag 
netic radiation reflecting panel 25A and a Second electri 
cally-active RHCP electromagnetic radiation reflecting 
panel 25B; and electrically conductive means 26 for apply 
ing optical-state control Voltages to the electrically-active 
RHCP electromagnetic radiation reflecting panels 25A and 
25B. Preferably, the electro-optical glazing structure of FIG. 
12 is mounted within a frame Structure as described in 
connection with the generalized embodiment shown in 
FIGS. 1A and 1B, and incorporates all of the power 
generation, electromagnetic radiation detection and micro 
control mechanisms thereof. 

0231. In FIG. 12A, the electrically-active RHCP electro 
magnetic radiation reflecting panel 25A (25B) is shown 
being operated in its electrically inactive State (i.e. when 
V=0). As shown in FIG. 12B, electromagnetic radiation 
having a RHCP polarization State and a wavelength inside 
the characteristic reflection bandwidth Ant" of the 
RHCP electromagnetic radiation reflecting panel 25A (25B) 
is reflected directly therefrom without absorption, while 
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electromagnetic radiation having either a LHCP polarization 
State and/or a wavelength outside the characteristic reflec 
tion bandwidth Ant" of the RHCP electromag 
netic radiation reflecting panel is transmitted directly there 
through without absorption. 
0232. In FIG. 12C, the electrically-active RHCP electro 
magnetic radiation reflecting panel 25A (25B) is shown 
being operated in its electrically active state (i.e. when V=1). 
As shown in FIG. 12D, electromagnetic radiation having a 
LHCP or RHCP polarization state and any wavelength 
within transmission bandwidth Asianist" is trans 
mitted directly through the electro-optical panel without 
absorption. 
0233. The electrically-passive L-phase retardation panel 
21 employed in the electro-optical glazing Structure of FIG. 
12 can be realized in the manner described above in con 
nection with the embodiment shown in FIG. 12 above. The 
electrically-active, broad-band LHCP electromagnetic radia 
tion reflecting panels 25A and 25B used in the glazing 
structure of FIG. 10 can be made using the fabrication 
methods described above in connection with the embodi 
ment shown in FIG. 10. Physically interfacing panels 21, 
25A and 25B of the electro-optical glazing structure of FIG. 
12 can be achieved using conventional lamination tech 
niques well known in the glazing art. The operation of the 
glazing structure of FIG. 12 will now be described with 
reference to FIGS. 13A and 13B. 

0234 AS shown in FIG. 13A, the electro-optical glazing 
structure of FIG. 12 is Switched to its optically opaque state 
of operation by not applying a control Voltage thereacroSS 
(e.g. V=0 Volts). In this optical state, the electro-optical 
glazing structure 24 reflects LHCP and RHCP electromag 
netic radiation within AJ' incident on the RHCP 
electromagnetic radiation reflecting panel 25A (25B) of the 
window panel without adsorption, independent of the direc 
tion of propagation of the incident electromagnetic radia 
tion. AS Such, the operation of this particular electro-optical 
glazing structure is Symmetrical'. The physical mechanisms 
asSociated with Such reflection processes are Schematically 
illustrated in FIG. 13A in great detail. Inasmuch as 100% of 
incident electromagnetic radiation is reflected from the 
electro-optical glazing structure, this glazing Structure is 
“totally reflective” in this state of operation. 
0235. As shown in FIG. 13B, the electro-optical glazing 
structure of FIG. 12 is Switched to its optically transparent 
(i.e. clear) state of operation by applying the appropriate 
control voltage thereacross (e.g. V=1 Volts). In this optical 
State, the electro-optical glazing Structure 24 transmits both 
LHCP and RHCP electromagnetic radiation within Avellection. 
''' incident on either RHCP electromagnetic radiation 
reflecting panel 25A (or 25B) without adsorption, indepen 
dent of the direction of propagation of the incident electro 
magnetic radiation. AS Such, the operation of this particular 
electro-optical glazing Structure is “symmetrical'. The 
physical mechanisms associated with Such transmission 
processes are schematically illustrated in FIG. 13B in great 
detail. Inasmuch as 100% of incident electromagnetic radia 
tion is transmitted through the electro-optical glazing Struc 
ture, this glazing Structure is “totally transmissive' in this 
State of operation. 
0236. The electro-optical glazing structure of FIG. 12 
can be readily adapted to exhibit “asymmetrical” reflection/ 
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transmission characteristics over its broad-band of operation 
by tuning the Spectral transmission characteristics of both 
the CLC-based RHCP electromagnetic radiation reflecting 
panels 25A and 25B so that the spectral reflection (and 
transmission) bandwidth characteristics thereof are either 
completely or partially overlapping or are Separated on the 
wavelength (i.e. frequency) domain. Using CLC-tuning 
techniques, it is possible to create an electro-optical glazing 
structure having the construction of FIG. 12 which, when 
Switched to its first optical State, is capable of totally 
reflecting electromagnetic radiation within a desired reflec 
tion bandwidth (e.g. within the ultraviolet and infrared 
bands) in a direction defined with respect to the panel, and 
when Switched to its Second optical State, totally transmit 
ting electromagnetic radiation within Such reflection band. 

0237) Seventh Illustrative Embodiment of the Electro 
Optical Glazing Structure of the Present Invention 

0238. The seventh illustrative embodiment of the electro 
optical glazing Structure hereof will be described with 
reference to FIGS. 14 through 15B. 
0239). As shown in FIG. 14, the electro-optical glazing 
structure of the seventh illustrative embodiment 27 com 
prises: an electrically-active LHCP electromagnetic radia 
tion reflecting panel 28A, an electrically-active RHCP elec 
tromagnetic radiation reflecting panel 28B laminated to 
panel 28A, and electrically conductive means 29 for apply 
ing optical-state control Voltages to the electrically-active 
LHCP and RHCP electromagnetic radiation reflecting pan 
els 28A and 28 B. Preferably, the electro-optical glazing 
structure of FIG. 14 is mounted within a frame structure as 
described in connection with the generalized embodiment 
shown in FIGS. 1A and 1B, and incorporates all of the 
power generation, electromagnetic radiation detection and 
micro-control mechanisms thereof. 

0240. In FIG. 14A, the electrically-active LHCP electro 
magnetic radiation reflecting panel 28A is shown being 
operated in its electrically inactive State (i.e. when V=0). AS 
shown in FIG. 14B, electromagnetic radiation having a 
LHCP polarization state and a wavelength inside the char 
acteristic reflection bandwidth Ant" of the LHCP 
electromagnetic radiation reflecting panel 28A is reflected 
directly therefrom without absorption, while electromag 
netic radiation having either a RHCP polarization state 
and/or a wavelength outside the characteristic reflection 
bandwidth Ant" of the LHCP electromagnetic 
radiation reflecting panel 28A is transmitted directly there 
through without absorption. 

0241. In FIG. 14C, the electrically-active LHCP electro 
magnetic radiation reflecting panel 28B is shown being 
operated in its electrically active State (i.e. when V=1). AS 
shown in FIG. 14D, electromagnetic radiation having a 
LHCP or RHCP polarization state and any wavelength 
within transmission bandwidth Aust" is trans 
mitted directly through the electro-optical panel 28A without 
absorption. 

0242. In FIG. 14E, the electrically-active RHCP electro 
magnetic radiation reflecting panel 28B is shown being 
operated in its electrically inactive State (i.e. when V=0). AS 
shown in FIG. 14F, electromagnetic radiation having a 
RHCP polarization state and a wavelength inside the char 
acteristic reflection bandwidth Aw RHCP of the RHCP reflection 
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electromagnetic radiation reflecting panel 28B is reflected 
directly therefrom without absorption, while electromag 
netic radiation having either a LHCP polarization state 
and/or a wavelength outside the characteristic reflection 
bandwidth Ant" of the RHCP electromagnetic 
radiation reflecting panel 28B is transmitted directly there 
through without absorption. 
0243 In FIG. 14G, the electrically-active RHCP elec 
tromagnetic radiation reflecting panel 28B is shown being 
operated in its electrically active State (i.e. when V=1). AS 
shown in FIG. 14H, electromagnetic radiation having a 
LHCP or RHCP polarization state and any wavelength 
within transmission bandwidth Asia" is trans 
mitted directly through the electro-optical panel 28B without 
absorption. 

0244. The electrically-active, broad-band LHCP and 
RHCP electromagnetic radiation reflecting panels 28A abd 
28B used in the glazing structure of FIG. 14 can be made 
using the fabrication methods described above in connection 
with the embodiment shown in FIG. 10. In the preferred 
embodiment, the liquid crystal polymer material contained 
within panel 28A can be made using the following formula: 
CLC polymer (BASF 171): 12%; CB15:25%; E44:64%; 
IG184: 1%. The sample is made by filling the mixture into 
a pair of buffed polyimide ITO glass substitutes. UV curving 
intensity is 10 w/cm. A similar formula is used to make the 
liquid crystal polymer material contained within panel 28B. 
0245 Physically interfacing panels 28A and 28B of the 
electro-optical glazing structure of FIG. 14 can be achieved 
using conventional lamination techniques well known in the 
glazing art. 
0246 The operation of the glazing structure of FIG. 14 
will now be described with reference to FIGS. 15A and 
15B. 

0247 As shown in FIG. 15A, the electro-optical glazing 
structure of FIG. 14 is Switched to its optically opaque state 
of operation by not applying a control Voltage thereacroSS 
(i.e. V=0). In this optical State, the electro-optical glazing 
structure 27 reflects LHCP and RHCP electromagnetic 
radiation within reflection bandwidth Ameneit" inci 
dent on the LHCP electromagnetic radiation reflecting panel 
28A without adsorption, while reflecting LHCP and RHCP 
electromagnetic radiation within reflection bandwidth Aw". 
tion''' incident on the RHCP electromagnetic radiation 
reflecting panel 28B without adsorption. 
0248 AS Such, the operation of this particular electro 
optical glazing Structure is “symmetrical'. The physical 
mechanisms associated with Such reflection processes are 
schematically illustrated in FIG. 15A in great detail. Inas 
much as 100% of incident electromagnetic radiation is 
reflected from the electro-optical glazing Structure, this 
glazing Structure is “totally reflective' in this State of opera 
tion. 

0249. As shown in FIG. 15B, the electro-optical glazing 
structure of FIG. 14 is Switched to its optically transparent 
(i.e. clear) state of operation by applying the appropriate 
control voltage thereacross (i.e. V=1). ASSuming that the 
LHCP electromagnetic radiation reflecting panel 28A and 
RHCP electromagnetic radiation reflecting panel 28B each 
have the same characteristic transmission bandwidth (i.e. 
A transmission' is the same as A. '''), then when transmission 
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Switched in this optical State, the electro-optical glazing 
structure of FIG. 14 transmits without adsorption, both 
LHCP and RHCP wavelengths within transmission band 
width Aust" independent of whether Such wave 
lengths fall incident on either the LHCP or RHCP electro 
magnetic radiation reflecting panel of the electro-optical 
glazing Structure. AS Such, the operation of this particular 
embodiment of the electro-optical glazing structure is "sym 
metrical'. The physical mechanisms associated with Such 
transmission processes are Schematically illustrated in FIG. 
15B in great detail. Inasmuch as 100% of incident electro 
magnetic radiation is transmitted through the electro-optical 
glazing structure, this glazing Structure is “totally transmis 
Sive' in this State of operation. 
0250) Notably, the electro-optical glazing structure of 
FIG. 14 can be readily adapted to exhibit “asymmetrical” 
reflection/transmission characteristics over its broad-band of 
operation. Such characteristics can be imparted by tuning 
the Spectral transmission characteristics of both the CLC 
based RHCP and LHCP electromagnetic radiation reflecting 
panels 28A and 28B of the present invention so that the 
Spectral characteristics thereof are either completely or 
partially overlapping or are separated on the wavelength (or 
frequency) domain. Using CLC-tuning techniques disclosed 
in International Publication No. WO97/16762, it is possible 
to create an electro-optical glazing Structure which, when 
Switched to its first optical State, is capable of totally 
reflecting electromagnetic radiation within a desired reflec 
tion bandwidth (e.g. within the UV and IR bands) in a 
direction defined with respect to the panel, and when 
Switched to its Second optical State, totally transmitting 
electromagnetic radiation within the reflection band. 
0251 Alternatively, the electrically-active LHCP and 
RHCP reflecting panels 28A and 28B panels in the glazing 
structure of FIG. 14 can be realized using the novel electro 
optical construction schematically illustrated in FIGS. 16A 
and 16B. 

0252) As shown in FIGS. 16A and 16B, the physical 
construction of this alternative embodiment of the electri 
cally-switchable broad-band CLC panels 28A (28B) is very 
Similar to that of the panels described above in connection 
with FIGS. 11 through 11A3. However, in this alternative 
embodiment shown in FIGS. 16A and 16B, the broad-band 
(or super broad-band) CLC material contained between 
glass plates thereof is radically different from that contained 
with the panel illustrated in FIGS. 11 through 11A3, as will 
be explained below. 

0253) The novel material contained between the plates of 
this novel electrically-switchable Super-broadband CLC 
(BBCLC) polarizer is made from polymerizable liquid crys 
tal blends in cholesteric order. According to this aspect of the 
present invention, “functional pigment Suspended liquid 
crystal” (FPSLC) material is created by mixing (i) broad 
band CLC pigments (e.g. CLC microflakes taught in Inter 
national Publication No. WO 97/16762) into (ii) an electri 
cally-active (i.e. electrically-responsive) carrier fluid Such as 
a low-molecular weight (LMW) nematic liquid crystal fluid 
(e.g. E7 and E44) which is commercially available from 
EMI of Hawthorne, N.Y. As will be explained in greater 
detail hereinafter, the micro-sized functional pigments of 
this particular embodiment have unique optical properties 
that can be exploited in various applications including 
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electro-optical glazing Structures. In the illustrative embodi 
ment, the functional pigments are realized using BBCLC 
microflakes having a size in the range of about 20-100 
microns. When making the LHCP panel 28A, left-handed 
BBCLC microflakes should be used, whereas when making 
the RHCP panel 28B, right-handed BBCLC microflakes 
should be used. The mass density of the CLC microflakes 
should be Substantially equal to the mass density of the 
LMW carrier liquid fluid. Also the refractive index of the 
CLC microflakes should be matched closely to the refractive 
index of the carrier fluid. 

0254. Once prepared, the FPSLC mixture is poured into 
a cell constructed from a pair of Spaced apart ITO-coated 
glass or plastic plates. To achieve the required liquid crystal 
alignment, the ITO layers are coated with rubbed polyimide 
in a manner well known in the art. The ITO layers are also 
provided with electrical leads So that an external field can be 
impressed across the ITO coated glass plates. 

0255 As will be illustrated greater detail below, this 
makes the FPSLC material between the plates electrically 
active or Switchable between its electro-optical States of 
operation. Notably, when making Such electrically-Switch 
able plates, there is no UV polymerization Step, as in the 
above-described fabrication methods. 

0256 After the filling operation, the CLC pigments are 
uniformly distributed inside the cell in order to cover the 
entire cell area. The cell thickneSS is designed to be larger 
than the pigment dimension. It is assumed that the liquid 
crystal molecules are spontaneously aligned in homoge 
neous State due to the Surface coating. The homogeneous 
alignment of the host LC molecules forces the CLC pig 
ments to align parallel to the cell Surface, as shown in FIG. 
16A. The Switching or reorientation of the host liquid crystal 
molecules by an applied electric field forces the Suspended 
CLC pigments to be reoriented accordingly, as shown in 
FIG. 16B. For purposes of convention, it will be helpful to 
designate State “A” of the host liquid crystal as the State 
when there is no electrical field is applied, as illustrated in 
FIG. 16A. Accordingly, the CLC pigments are assigned to 
be in State “A” Once a Strong enough field, e.g., an electric 
field, is applied, the host liquid crystal molecules are reori 
ented to state “B” as shown in FIG. 16B. Accordingly, the 
CLC pigments are reoriented from State “A” to State 
“B”. Since the BBCLC pigments in the host liquid crystal 
preserve the same polarization property, then its parallel 
orientation should exhibit a polarizing State for an incoming 
light onto the cell surface. If the CLC microflakes are 
Vertically aligned due to the reorientation of the host liquid 
crystal molecules under an applied field, then the cell loses 
the capability to polarize light and becomes transparent or 
quasi-transparent, i.e. provided that the thickness of the CLC 
microflakes is much Smaller than the aerial dimension of the 
electro-optical cell. 
0257 The electrically-switchable circularly polarizing 
panels of the type shown in FIGS. 16A and 16B can be 
realized in a variety of configurations. These alternative 
configurations will be described below. 
0258 Parallel-To-Vertical Configuration (Case I) 
0259. In this configuration, the cell is constructed so that 
the host nematic liquid crystal adopts a Spontaneous align 
ment in homogeneous state. The ITO substrate is coated with 
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a polyimide favorable for Such an alignment followed by a 
mechanical rubbing. If the host liquid crystal has a positive 
dielectric anisotropy, it can be vertically reoriented into a 
homeotropic State by an electric field (E-field). In this case, 
State “A” of the host LC refers to homogeneous, and State 
“B” to homeotropic; while state “A” and “B,” of the 
CLC pigments refers to parallel and perpendicular to the cell 
surface, respectively, as schematically shown in FIG. 16A. 
In this way, the panel can be Switched from polarizing 
reflection to transparent or quasi-transparent State. Varying 
the strength of the E-field can change the final reflectivity of 
the panel. It should be pointed out that rubbed polyimide is 
not the only choice for Surface treatment. Other techniques 
are also applicable, Such as oblique deposition of SiOX, UV 
alignable layers, etc. 

0260 Parallel-To-Vertical Configuration (Case II) 
0261. In this configuration, the cell is constructed so that 
the host low molecular weight (LMW) cholesteric liquid 
crystal adopts a Spontaneous alignment in the planar State. 
The pitch of the LMW CLC can be tuned either inside or 
outside of the CLC pigment reflection spectral region. The 
ITO substrate is coated with a rubbed polyimide favorable 
for planar alignment. If the host liquid crystal in cholesteric 
order has a positive dielectric anisotropy, it can be reoriented 
Vertically into a homeotropic State by an electric field 
(E-field). In this case, state “A” of the host LC refers to 
planar, and State “B” to homeotropic, while State “A” and clc 

“Be” of the CLC pigments refers to parallel and perpen 
dicular to the cell Surface, respectively. Thus the panel can 
be Switched from polarizing reflection to transparent State. 
Varying the Strength of the E-field can change the final 
reflectivity of the panel. It should be pointed out that rubbed 
polyimide is not the only choice for Surface treatment. Other 
techniques are applicable, Such as oblique deposition of 
SiOX, UV alignable layers, etc. In Some cases, no alignment 
layer is required. 

0262 Vertical-To-Parallel Configuration (Case I) 
0263. In this configuration, the cell is constructed so that 
the host nematic liquid crystal adopts a Spontaneous align 
ment in homeotropic state. The ITO substrate is coated with 
an alignment agent favorable for Such an alignment. No 
mechanical rubbing is necessary. If the host liquid crystal 
has a negative dielectric anisotropy, it can be reoriented into 
a homogeneous State by an electric field (E-field). In this 
case, State “A” of the host LC refers to homeotropic, and 
state “B” to homogeneous; while state “A” and “B,” of 
the CLC pigments refer to perpendicular and parallel to the 
cell Surface, respectively. Thus the panel can be Switched 
from transparent to polarizing reflection State. Varying the 
strength of the E-field can change the final reflectivity of the 
panel. 

0264 Vertical-To-Parallel Configuration (Case II) 
0265. In this configuration, the cell is constructed so that 
the host low molecular weight (LMW) cholesteric liquid 
crystal adopts a Spontaneous alignment in homeotropic State. 
The pitch of the LMW CLC can be tuned either inside or 
outside of the CLC pigment reflection spectral region. The 
ITO Substrate is coated with an alignment agent favorable 
for homeotropic alignment. If the host liquid crystal in 
cholesteric order has a negative dielectric anisotropy, it can 
be reoriented into a planar state by an electric field (E-field). 
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In this case, state “A” of the host LC refers to homeotropic, 
and state “B” to planar, while state “A” and “B,” of the 
CLC pigments refers to perpendicular and parallel to the cell 
Surface, respectively. Thus the panel can be Switched from 
transparent to polarizing reflection State. Varying the 
strength of the E-field can change the final reflectivity of the 
panel. 

0266 FPSLC with Polymer Network 
0267 In this preferred configuration, the cell is con 
structed so that the host low molecular weight (LMW) liquid 
crystal in cholesteric order contains a Small amount of 
polymer network which is formed by UV polymerizing a 
polymer material mixed inside the LMWLC in absence of 
any field. The purpose of introducing the polymer network 
is to realize a bistable State, i.e., weak Scattering State and 
high reflection State of the panel and, possibly, improving 
the reflectivity. The polymer network helps to better confine 
CLC flakes in a preferred orientation, for example, a parallel 
orientation. The host liquid crystal can adopt either an ECB 
or TN or STN or cholesteric order. The ITO Substrate is 
coated with a polyimide favorable for a homogeneous 
alignment. If the host liquid crystal in cholesteric order has 
a positive dielectric anisotropy, it can be reoriented from 
planar to homeotropic State by an electric field (E-field). In 
this case, State “A” of the host LC refers to homogeneous, 
and state “B” to homeotropic; while state “A” and “B” 
of the CLC pigments refers to parallel and perpendicular to 
the cell Surface, respectively. Thus the panel can be Switched 
from polarizing reflection to Semi- or total transparent State. 
Varying the Strength of the E-field can change the final 
reflectivity of the panel. Another important feature of this 
polymer stabilized FPSLC configuration is that a reflection 
and Scattering mixed mode can be realized by properly 
controlling polymer density and applied Voltage, Similar to 
the conventional polymer Stabilized cholesteric texture 
(PSCT). 
0268 FPSLC with Surface Stabilization Function 
0269. In this preferred configuration, the cell is con 
structed so that the host low molecular weight (LMW) liquid 
crystal in cholesteric order is surface stabilized which exhib 
its also a bistable State, i.e., weak Scattering State and 
relatively high reflective state. This texture helps to better 
confine CLC flakes in a preferred orientation, for example, 
a parallel orientation. The ITO substrate is coated with a 
polyimide favorable for a homogeneous alignment. If the 
host liquid crystal in cholesteric order has a positive dielec 
tric anisotropy, it can be reoriented from planar to homeo 
tropic State by an electric field (E-field). In this case, State 
“A” of the host LC refers to homogeneous, and state “B” to 
homeotropic; while state “A.C. and “B,” of the CLC 
pigments refers to parallel and perpendicular to the cell 
Surface, respectively. Thus the panel can be Switched from 
polarizing reflection to Semi-or total transparent State. Vary 
ing the Strength of the E-field can change the final reflec 
tivity of the panel. Another important feature of this Surface 
stabilized FPSLC configuration is that a reflection and 
Scattering mixed mode can be realized by properly control 
ling polymer density and applied Voltage, Similar to the 
conventional polymer stabilized cholesteric texture (PSCT). 
0270. Each of the cell configurations described above can 
be used to build a Switchable (super) broadband FPSLC 
panel which is electrically switchable from reflection state to 
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transparent State, or Vice versa. The reflected light is polar 
ized and can cover a broad spectral bandpass, Such as the 
entire Visible region. Ideally, in a perfect reflection State, 
50% of the incident light is reflected into one polarization 
state and another 50% is transmitted in other polarization 
state. However, when Switched into the total transmission 
mode, the panel passes 100% of the incident light. Varying 
the strength of the E-field can change the final reflectivity 
between 0% and 50% (equivalently, the transmittance can be 
varied between 50% to 100%). 
0271 The electrically-switchable FPSLC-based struc 
tures described above can be used to realize the electrically 
Switchable circularly polarizing panels employed in the 
systems shown in FIGS. 10 and 12 hereof. In such electro 
optical glazing Structures, the particular compositions used 
to created the FPSLC material will vary in order to provide 
the required polarization reflective functions. For example, 
when making broad-band LHCP panels 22A and 22B, 
left-handed BBCLC microflakes should be added to the 
LMW liquid crystal carrier fluid of the FPSLC mixture 
thereof. When making broad-band RHCP panels 25A and 
25B, right-handed BBCLC microflakes should be added to 
the LMW liquid crystal carrier fluid of the FPSLC mixture 
thereof. When making RHCP panels 25A and 25B having 
Spectrally-tuned reflection characteristics, right-handed 
BBCLC microflakes with narrow-band reflection character 
istics should be added to the LMW liquid crystal carrier fluid 
of the FPSLC mixture thereof. For example, five color CLC 
microflakes (i.e. pigments) can be added into the LMW 
liquid crystal carrier fluid in order to cover the visible band. 
It is understood, various combinations of left and right 
handed CLC microflakes (having Super broad-band, broad 
band and/or narrow-band polarization reflection character 
istics) can be added to the LMW liquid crystal carrier fluid 
in order to produce electrically-Switchable circularly polar 
izing glazing Structures having diverse polarization reflec 
tion characteristics adapted to meet any application imag 
inable. 

0272. Additional Embodiments of the Blectro-Optical 
Glazing Structure of the Present Invention 
0273. Many more embodiments of the electro-optical 
glazing Structure of the present invention can be provided by 
combining the above-described embodiments So provide 
Systems and devices having transmission and reflection 
modes of operation. 
0274. In particular, the illustrative embodiments of the 
invention disclosed in FIGS. 2 through 9B and FIGS. 14 
through 15B, in particular, can be readily combined with 
other structures to provide additional embodiments of the 
present invention. For simplicity of explanation, the embodi 
ments described hereinabove are generalized in FIGS. 21 
through 23F. 
0275. In paricular, FIGS. 21 through 21F provide a 
generalized description of the illustrative embodiments dis 
closed in FIGS. 6 and 8, wherein the electrically-passive 
broad-band polarizing layerS have different handedness in 
both the circularly polarizing (RHCP/LHCP) and linearly 
polarizing (LP1/LP2) system configurations. FIGS. 22 
through 22F provide a generalized description of the illus 
trative embodiments disclosed in FIGS. 2 and 4, wherein 
the electrically-passive broad-band polarizing layerS have 
the same handedness in both the circularly polarizing 
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(LHCP/LHCP or RHCP/RHCP) and linearly polarizing 
(LP1/LP1 or LP2/LP2) system configurations. Before 
describing these additional embodiments of the electro 
optical glazing Structure hereof, the operation of these two 
generalized embodiments of the present invention will be 
briefly summarized. Likewise, FIGS. 23 through 23F pro 
vide a generalized description of the illustrative embodiment 
disclosed in FIGS. 14 through 15B, wherein the electri 
cally-active broad-band polarizing layerS have a different 
handedness in the circularly polarizing (LHCP/LHCP or 
RHCP/RHCP) system configurations, and there is no otpi 
cally active element disposed between the electrically-active 
polarizing layers. 

0276 Before describing additional embodiments of the 
electro-optical glazing Structure hereof which can be based 
on the above-indentified embodiments, it will be helpful to 
briefly Summarize the Structure and function of these 
embodiments hereinbelow in a more generalized manner to 
more clearly appreciate the various aspects of the present 
invention. 

0277. In FIG. 21A, the electro-optical glazing structure 
of FIG. 21 is shown operated in its partial-reflection/ 
transmission mode, wherein no external Voltage (i.e. 
V=V) is applied to the at phase shifter. In FIGS. 21B and 
21C, transmission and reflection characteristics for this 
mode of operation are shown, respectively. In FIG.21D, the 
electro-optical light glazing Structure of FIG. 21 is shown 
operated in its total-reflection mode, wherein an external 
voltage V (i.e. V=V) is applied to the It phase shifter. In 
FIGS. 21E and 21F, transmission and reflection character 
istics for this mode of operation are shown, respectively. 
0278 In FIG. 22A, the electro-optical glazing structure 
of FIG. 22 is shown operated in its total-reflection mode, 
wherein no external voltage (i.e. V=V) is applied to the It 
phase shifter. In FIGS. 22B and 22C, transmission and 
reflection characteristics for this mode of operation are 
shown, respectively. In FIG. 22D, the electro-optical light 
glazing Structure of FIG. 22 is shown operated in its 
partial-reflection/transmission mode, wherein an external 
voltage V (i.e. V=V) is applied to the It phase shifter. In 
FIGS. 22E and 22F, transmission and reflection character 
istics for this mode of operation are shown, respectively. 
0279. In FIG. 23A, the electro-optical glazing structure 
of FIG. 23 is shown operated in its total-reflection mode, 
wherein no external voltage (i.e. V=V) is applied to the It 
phase shifter. In FIGS. 23B and 23C, transmission and 
reflection characteristics for this mode of operation are 
shown, respectively. In FIG. 23D, the electro-optical light 
glazing structure of FIG. 23 is shown operated in its 
total-transmission mode, wherein an external voltage V (i.e. 
V=V) is applied to the at phase shifter. In FIGS. 23E and 
23F, transmission and reflection characteristics for this 
mode of operation are shown, respectively. 

0280. In FIG. 24, an other illustrative embodiment of the 
electro-optical glazing structure of the present invention is 
shown comprising: a first electrically-passive broadband IR 
reflective polarizing panel for reflecting incident LHCP light 
within the broad IR band, and transmitting all other com 
ponents of light; a Second electrically-passive broadband IR 
reflective polarizing panel, laminated or mounted to the first 
IR reflective polarizing panel, for reflecting incident RHCP 
light within the broad IR band, and transmitting all other 
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components of light. The resulting IR filter Structure is 
mounted or affixed to an electrically-controlled light Scat 
tering panel, for Selectively Scattering light over the Visible 
band (when no external voltage is applied) So as to render 
the resulting glazing structure opaque to provide privacy 
behind the window structure into which is installed. While 
circularly polarizing reflectors of the type taught in Inter 
naational Publication No WO/97/16762 by Reveo, Inc., 
incorporated herein by reference, can be used to realize the 
broad-band IR circularly-polarizing panels of this structure, 
it is understood that broad-band IR polarizers which reflect 
linearly polarized light, as taught in International Applica 
tion No. PCT/US97/20091 by Reveo, Inc., incorporated 
herein by reference, may also well be used to realize Such 
linearly polarizing IR panels. Alternatively, Such broadband 
IR reflecting panels may be made from multilayer polymer 
layers as disclosed in U.S. Pat. No. 5,686,979, incorporated 
herein by reference, and as taught elsewhere in the prior art. 
The electrically-controlled light Scattering panel employed 
in the glazing structure of FIG. 24 can be realized by any 
one of the electrically-controlled light Scattering panels 
disclosed in FIGS. 17A through 20F, described in detail 
hereinbelow. 

0281. In FIG. 24A, the electro-optical glazing structure 
of FIG.24 is shown operated in scattering mode, wherein no 
external voltage (i.e. V=V) is applied to the electrically 
controlled scattering panel. In FIGS. 24B and 24C, trans 
mission and reflection characteristics for this mode of opera 
tion are shown, respectively. During this state operation, the 
composite broad-band IR structure totally reflects incident 
IR radation providing excellent thermal insulation to the 
glazing structure, while the electrically-controlled Scattering 
panel renders the glazing Structure optically opaque over the 
visible-band of the spectrum. In FIG. 24D, the electro 
optical light glazing Structure of FIG. 24 is shown operated 
in its total-transmission mode, wherein an external Voltage 
V (i.e. V=V) is applied to electrically-controlled light 
scattering panel. In FIGS. 24E and 24F, transmission and 
reflection characteristics for this mode of operation are 
shown, respectively. During this State operation, the com 
posite broad-band IR structure totally reflects incident IR 
radation providing excellent thermal insulation to the glaz 
ing Structure, while the electrically-controlled Scattering 
panel renders the glazing Structure optically transparent over 
the Visible-band of the Spectrum enabling viewing through 
the glazing Structure in bi-directional manner. 
0282) In FIG. 25, an other illustrative embodiment of the 
electro-optical glazing Structure of the present invention is 
shown. This is the reverse mode of the electro-optical 
glazing structure shown in FIG. 24. AS shown, this glazing 
Structure comprises: a first electrically-passive broadband IR 
reflective polarizing panel for reflecting incident LHCP light 
within the broad IR band, and transmitting all other com 
ponents of light; a Second electrically-passive broadband IR 
reflective polarizing panel, laminated or mounted to the first 
IR reflective polarizing panel, for reflecting incident RHCP 
light within the broad IR band, and transmitting all other 
components of light. AS shown, the resulting IR filter 
Structure is mounted or affixed to an electrically-controlled 
light Scattering panel, for Selectively Scattering light over the 
visible band (when an external voltage is applied) So as to 
render the resulting glazing structure opaque to provide 
privacy behind the window structure into which is installed. 
While circularly polarizing reflectors of the type taught in 
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Internaational Publication No WO/97/16762 by Reveo, Inc., 
incorporated herein by reference, can be used to realize the 
broad-band IR circularly-polarizing panels of this structure, 
it is understood that broad-band IR polarizers which reflect 
linearly polarized light, as taught in PCT Application No. 
PCT/US97/20091 by Reveo, Inc., incorporated herein by 
reference, may also well be used to realize Such linearly 
polarizing IR panels. Alternatively, such broadband IR 
reflecting panels may be made from multilayer polymer 
layerS as are know in the art. Alternatively, Such broadband 
IR reflecting panels may be made from multilayer polymer 
layers as disclosed in U.S. Pat. No. 5,686,979, incorporated 
herein by reference, and as taught elsewhere in the prior art. 
The electrically-controlled light Scattering panel employed 
in the glazing structure of FIG. 24 can be realized by any 
one of the electrically-controlled light Scattering panels 
disclosed in FIGS. 17A through 20F, described in detail 
hereinbelow. 

0283. In FIG. 25A, the electro-optical glazing structure 
of FIG.25 is shown operated in its light transmission mode, 
wherein no external voltage (i.e. V=V) is applied to the 
electrically-controlled scattering panel. In FIGS. 25B and 
25C, transmission and reflection characteristics for this 
mode of operation are shown, respectively. During this State 
operation, the composite broad-band IR Structure totally 
reflects incident IR radation providing excellent thermal 
insulation to the glazing Structure, while the electrically 
controlled Scattering panel renders the glazing structure 
Substantially transparent over the visible-band of the spec 
trum. In FIG.25D, the electro-optical light glazing structure 
of FIG. 24 is shown operated in its light scattering mode, 
wherein an external voltage V (i.e. V=V) is applied to 
electrically-controlled light scattering panel. In FIGS. 25E 
and 25F, transmission and reflection characteristics for this 
mode of operation are shown, respectively. During this State 
operation, the composite broad-band IR Structure totally 
reflects incident IR radation providing excellent thermal 
insulation to the glazing Structure, while the electrically 
controlled Scattering panel renders the glazing structure 
optically opaque over the Visible-band of the Spectrum 
preventing viewing through the glazing Structure. 

0284. In FIG. 26, another embodiment of the electro 
optical glazing Structure of the present invention is dis 
closed. AS shown, this electro-optical Structure is con 
structed by adding the broad-band IR filter panel shown in 
FIGS. 24 and 25, to the electro-optical glazing structure 
shown in FIG. 22 wherein the broadband polarizing panels 
are each of the same handedness (e.g. RHCP/RHCP or 
LP1/LP1). 
0285) In FIG. 26A, the electro-optical glazing structure 
of FIG. 26 is shown operated in its total-transmission mode, 
wherein no external voltage (i.e. V=V) is applied to the It 
phase shifting panel disposed between the pair of broadband 
polarizing reflective panels thereof. In FIGS. 26B and 26C, 
transmission and reflection characteristics for this mode of 
operation are shown, respectively. During this State opera 
tion, the composite broadband IR filter structure totally 
reflects incident IR radation providing excellent thermal 
insulation to the glazing Structure, while the electro-optical 
glazing substructure (shown individually in FIG. 22) 
totally-reflects over the visible band in order to render the 
glazing Structure Substantially transparent over the Visible 
band of the spectrum. In FIG. 26D, the electro-optical light 
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glazing structure of FIG. 26 is shown operated in its 
partial-reflection/transmission mode, wherein an external 
voltage V (i.e. V=V) is applied to the JC phase shifting 
panel disposed between the pair of broadband polarizing 
reflective panels thereof. In FIGS. 26E and 26F, transmis 
Sion and reflection characteristics for this mode of operation 
are shown, respectively. During this State operation, the 
composite broad-band IR filter structure totally reflects 
incident IR radation providing excellent thermal insulation 
to the glazing Structure, while the electro-optical glazing 
substructure (shown individually in FIG. 22) renders the 
glazing Structure optically opaque over the visible-band of 
the spectrum preventing viewing through the glazing Struc 
ture. 

0286. In FIG. 27, another embodiment of the electro 
optical glazing Structure of the present invention is disclosed 
which is operates in the “reverse' mode of the glazing 
structure of FIG. 26, described above. As shown in FIG.27, 
this electro-optical Structure is constructed by adding the 
broad-band IR filter panel shown in FIGS. 24 and 25, to the 
electro-optical glazing structure shown in FIG. 21 wherein 
the broadband polarizing panels are each of different hand 
edness (e.g. RHCP/LHCP or LP1/LP2). 
0287. In FIG. 27A, the electro-optical glazing structure 
of FIG. 27 is shown operated in its partial-reflection/ 
transmission mode, wherein no external Voltage (i.e. 
V=V) is applied to the C phase shifting panel disposed 
between the pair of broadband polarizing reflective panels 
thereof. In FIGS. 27B and 27C, transmission and reflection 
characteristics for this mode of operation are shown, respec 
tively. During this State operation, the composite broadband 
IR filter structure totally reflects incident IR radation pro 
Viding excellent thermal insulation to the glazing Structure, 
while the electro-optical glazing Substructure (shown indi 
vidually in FIG. 21) partially-reflects and partially-trans 
mitts over the Visible band in order to render the glazing 
Structure Semi-opaque over the visible-band of the Spectrum. 
In FIG. 27D, the electro-optical light glazing structure of 
FIG. 27 is shown operated in its total-reflection mode, 
wherein an external voltage V (i.e. V=V) is applied to the 
It phase shifting panel disposed between the pair of broad 
band polarizing reflective panels thereof. In FIGS. 27E and 
27F, transmission and reflection characteristics for this 
mode of operation are shown, respectively. During this State 
operation, the composite broad-band IR filter Structure 
totally reflects incident IR radation providing excellent 
thermal insulation to the glazing Structure, while the electro 
optical glazing substructure (shown individually in FIG.21) 
renders the glazing Structure optically opaque over the 
Visible-band of the Spectrum preventing viewing through the 
glazing Structure. 

0288. In FIG. 28, another embodiment of the electro 
optical glazing Structure of the present invention is dis 
closed. AS shown, this electro-optical Structure is con 
structed by adding the broad-band IR filter panel shown in 
FIGS. 24 and 25, to the electro-optical glazing structure 
shown in FIG. 23, wherein the electrically-active broadband 
polarizing panels thereof are each of different handedness 
(i.e. RHCP/LHCP). 
0289. In FIG. 28A, the electro-optical glazing structure 
of FIG. 28 is shown operated in its total-reflection mode, 
wherein no external voltage (i.e. V=V) is applied to the 
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electrically-active circularly-polarizing reflective panels 
thereof. In FIGS. 28B and 28C, transmission and reflection 
characteristics for this mode of operation are shown, respec 
tively. During this State operation., the composite broadband 
IR filter structure totally reflects incident IR radation pro 
Viding excellent thermal insulation to the glazing Structure, 
while the electro-optical glazing Substructure (shown indi 
vidually in FIG. 21) totally-reflects over the visible band in 
order to render the glazing Structure optically opaque over 
the visible-band of the spectrum. In FIG. 28D, the electro 
optical light glazing structure of FIG. 26 is shown operated 
in its total-transmission mode, wherein an external Voltage 
V (i.e. V=V) is applied to the electrically-active circularly 
polarizing reflective panels thereof. In FIGS. 28E and 28F, 
transmission and reflection characteristics for this mode of 
operation are shown, respectively. During this State opera 
tion, the composite broad-band IR filter structure totally 
reflects incident IR radation providing excellent thermal 
insulation to the glazing Structure, while the electro-optical 
glazing substructure (shown individually in FIG. 22) ren 
ders the glazing Structure optically transparent over the 
visible-band of the spectrum. 
0290 FIGS. 29A through 29C show a broad-band 
reflector for use in constructing broad-band circularly (and 
linearly) polarizing reflective panels employed in any one of 
embodiments of the electro-optical glazing panel hereof. 
0291 FIG. 29A shows a multilayer extruded polymer 
layer comprising a number of pairs of layers. Each layer of 
a pair has a different index of refraction from the other layer 
of the pair. The various layers are of the order of a quarter 
wavelength of light, So than the electric field of the light 
reflecting from the layer boundaries adds in phase with light 
reflecting from other boundaries to increase reflection in a 
well known manner. 

0292 FIG. 29B shows the prior art distribution of the 
layer thicknesses. The thickness of the layerS does not 
change with depth, changes in Stepwise fashion, or changes 
in a linear fashion. FIG. 29C shows a non-linear change in 
the thickness of the layers with depth. AS taught in Interna 
tional Publication No. WO/97/16762 by Reveo, Inc., a non 
linearly varying pitch is necessary for efficient broad band 
reflection from cholesteric liquid crystal material. The non 
linearly varying pitch shown in FIG. 29C allows much 
broader range of reflectivity than the prior art pitch varia 
tions of FIG. 29B for the multilayer reflectors. In the case 
that the two polymer layers shown in FIG. 29A are layers 
of at least one birefringent material where the index of 
refraction for a first linear polarization is changed from one 
material to the next, but where the index of refraction for a 
Second linear polarization perpendicular to the first is the 
Same from one material to the next, the Structure shown in 
FIG. 29A will reflect light of the first polarization, and 
transmit light of the Second polarization. The non-linearly 
varying pitch shown by FIG. 29C ensures broad band 
operation of the device without interference effects at shorter 
wavelengths which plague the Step function distribution 
attempt at broadband operation of the prior art. 
0293 Broadband IR reflectors made from the multilayer 
extruded polymer material shown in FIG. 29A may be 
added to the panels of the invention to add IR reflectivity to 
the control of visible light. Multilayer linear polarizers may 
be used in the panels of the invention instead of CLC 
materials for controlling the light. 
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0294. Additional Embodiments of the Electro-Optical 
Glazing Structure of the Present Invention 
0295). Each of illustrative embodiments of electro-optical 
glazing panel hereof described hereinabove can be com 
bined in various ways in order to provide intelligent glazing 
Structures capable of controlling light transmission there 
through in any number of radiation bands. For example, 
transmission in the IR band may be allowed in the winter in 
the daylight, and at night the IR light may be reflected to 
Save heating energy. In Summer, however, IR light may be 
allowed to escape from the window structure, while visible 
radiation is reflected to insure privacy. 
0296 While the intelligent glazing structures of the 
invention taught hereinabove allow a very large part of the 
visible spectrum to be substantially totally reflected, some of 
these embodiments may, in practice, transmit Some radia 
tion, especially at large angles measured with respect to a 
projection axis normal to the glazing Structure, or allow a 
very small amount of light to leak from a brightly lit room 
at night, to the dark outside. Consequently, Such undesired 
light transmission in Such instances may compromise the 
level of privacy demanded by particular users in diverse 
lighting environments. Therefore, there is a great need for a 
way to further improve the above-described electro-optical 
glazing Structures of the present invention in a simple yet 
effective manner. 

0297. In accordance with another aspect of the present 
invention, this problem of undesired, partial light transmis 
Sion can be Solved, in instances where it arises, by embody 
ing each electro-optical glazing Structure of the present 
invention with an additional Structure that is capable of 
controlling (e.g. reflecting or Scattering) light incident 
thereon So as to either block the transmission of Such light 
by reflection, or obscure it by Scattering. In principle, Such 
objectives can be achieved using a variety of different types 
of electro-optical structures well known in the art for dif 
ferent purposes, unrelated to the above-described problem at 
hand. The improved electro-optical glazing structures can be 
formed by mounting or incorporting Such electrically-con 
trollable structures to any of the above-described electro 
optical glazing structures. In principle, Such alternative 
embodiments of the present invention should solve the 
problems associated with partial light transmission during 
reflection modes of operation of the panel, thereby ensuring 
the desired level of privacy demanded by its user in diverse 
environments. Several different embodiments of the light 
controlling (reflecting or Scattering) structure are described 
hereinbelow. 

0298. In FIGS. 17A and 17B, a first illustrative embodi 
ment of the electrically-controllable light Scattering Struc 
ture is shown in the form of an ultra-thin panel comprising 
a polymer dispersed liquid crystal (PDLC) material 173 
contained between a pair of Spaced-apart transparent elec 
trically conducting layers 174 and 175 (e.g. ITO). The PDLC 
material comprises a polymer material with regions 176 of 
liquid crystal material formed into Small spheres of micron 
or Submicron dimension. As illustrated in FIG. 17A, the 
molecules of the liquid crystal material (depicted as short 
lines) are correlated by the internal forces in the liquid 
crystal to have internal order, which may random in a 
predetermined State of the panel. 
0299. In FIG. 17A, PDLC panel 172 is shown operated 
in its Scattering State, wherein light rayS 171 incident on a 
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layer 172 are scattered by the liquid crystal molecules 
ordered therein. During this State, light propagating through 
the polymer material 173 strikes the sphere of liquid crystal 
material 176, and will in general refract at the polymer liquid 
crystal interface because there will generally be a change in 
the index of refraction of the (randomly ordered) liquid 
crystal material and the polymer material. The layer 172 will 
then Scatter light passing through. The light rays traced in 
FIG. 17A are shown transmitted through the layer 172, 
which would be the case for very light loading of liquid 
crystal material in the polymer. In the more general case, 
light incident on the panel would be as likely Scattered 
backward as forward, and would likely be Scattered isotro 
pically in all directions. 
0300. In FIG. 17B, the PDLC panel 172 is shown oper 
ated in its transmission State, wherein an electric field is 
applied across the layer 172 by applying Voltage acroSS the 
conducting layers 174 and 175. In this state of operation, the 
electric field forces the liquid crystal molecules in each 
Sphere to line up parallel with the field, causing the index of 
refraction of the liquid crystal material to match the index of 
the polymer material, thereby enabling the light rays pass 
through the layer 172 without deviation or scattering. 
0301 In FIGS. 18A and 18C, a second illustrative 
embodiment of the electrically-controllable light Scattering 
Structure 182 is shown in the form of a thin panel comprising 
a liquid crystal polymer material 183 contained between a 
pair of Spaced-apart transparent electrically conducting lay 
ers 174 and 175 (e.g. ITO) having surfaces that have been 
either rubbed or coated with a molecular aligning layer Such 
as polyamide, well known in the CLC art. In this embodi 
ment, the liquid crystal material 183 is admixed with a 
polymer material, but unlike the embodiment shown in 
FIGS. 17A and 17B, the resultant material does not phase 
Segregate. Instead, the linear liquid crystal molecules remain 
entangled in the polymer material. 
0302) In FIG. 18A, the electro-optical light scattering 
structure 182 is shown operated in its reflection mode, 
wherein the crystal molecules (depicted as short lines) are 
lined up parallel with the conducting plates 174 and 175 
because, for example, the Surfaces of the plates have been 
rubbed, causing the molecules to become internally ordered 
(e.g. aligned) Such that incident light on the layer 183 is 
reflected as shown. This molecular ordering can be thought 
of as a “relaxed ordering when no external electrical force 
field is applied thereto. 
0303) In FIG. 18B, the electro-optical light scattering 
structure 182 is shown operated in its reflection mode, 
wherein an electric field is impressed across the layer 183 by 
applyin a voltage across layers 174 and 175. In this state of 
operation, the molecules rotate to line up parallel to the field 
and light, propagating parallel to the field, is transmitted 
through the layer 183 without scattering, reflection, or 
absorption. When the electric field is removed by disruption 
the applied Voltage Source, the polymer acts as restoring 
force to rotate the molecules back to their starting relaxed 
ordering as shown in FIG. 18A. 
0304) In FIG. 18C, a third illustrative embodiment of the 
electrically-controllable light Scattering Structure 182 is 
shown comprising liquid crystal polymer material 183 con 
tained between a pair of Spaced-apart transparent electrically 
conducting layers 174 and 175 (e.g. ITO) having surfaces 
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that have not been rubbed or coated with a molecular 
aligning layer Such as polyamide, as in the embodiment of 
FIGS. 18A and 18B. Thus there is no internal order imposed 
on the liquid crystal material by rubbed bounding Surfaces or 
layers, as in the structure of FIGS. 18A and 18B. In FIG. 
18C, the electro-optical light scattering structure 182 is 
shown operated in its Scattering mode, wherein there is no 
internal ordering created by rubbed Surfaces or polyamide 
layers, or an electric field created by an externally applied 
Voltage. In this mode of operation, the liquid crystal material 
naturally tends towards lowering its internal energy by 
having near neighbor molecules align with one another, but 
there is no long range order. Thus the regions of material 
now Scatter light randomly and, without the application an 
electric field, the light incident on the layer 184 is scattered. 
When an electric field is impressed across the panel of FIG. 
18C, the molecules therebetween Swing around to line up 
with the applied electric field, enabling incident light to be 
transmitted through the panel 182 without Scattering in a 
manner similar to that shown in FIG. 18B. This is the 
transmission mode of operation of the electrically-control 
lable light Scattering device. 

0305. In FIG. 19, fourth illustrative embodiment for an 
electro-optical light Scattering structure (i.e. panel) is shown 
comprising an isotropic Scattering material, Such as a liquid 
crystal polymer, contained between a pair of transparent 
glass panels. Each of these plates has an ITO coating upon 
the glass plate Surface, electrical terminals connected 
thereto, and a polyamide layer applied upon the ITO layer. 
Alternatively, the ITO surfaces can be rubbed for intiating 
molecular alignment in lieu of the ITO layers. 
0306 In FIG. 19A, the electro-optical light scattering 
structure of FIG. 19 is shown operated in its transmission 
mode, wherein no external voltage is applied (i.e. V=V). 
In FIGS. 19B and 19C, transmission and reflection char 
acteristics for this mode of operation are shown, respec 
tively. In FIG. 19D, the electro-optical light scattering 
structure of FIG. 19 is shown operated in its light scattering 
mode, wherein an external Voltage V is applied across the 
ITO surfaces (i.e. V=V). In FIGS. 19E and 19F, trans 
mission and reflection characteristics for this mode of opera 
tion are shown, respectively. AS light is transmitted when no 
external Voltage is applied, and Scatters when a Voltage is 
applied, this Structure is Said to operate in the “reverse 
mode”. 

0307. In FIG. 20, a fifth illustrative embodiment for an 
electrically-controllable light Scattering Structure is shown 
comprising an isotropic Scattering material, Such as a liquid 
crystal polymer (made using a different polymer mixing 
ratio than used in FIG. 19), contained between a pair of 
transparent glass panels. Each of the plates has an ITO 
coating upon the glass plate Surface and an electrical termi 
nal connected thereto, but is not rubbed or coated with a 
polyamide or like layer to ensure that there is no high order 
molecular alignment when no external field is applied. 
0308. In FIG. 20A, the electro-optical light scattering 
structure of FIG. 20 is shown operated in its scattering 
mode, wherein no external voltage is applied (i.e. V=V). 
In FIGS. 20B and 20O, transmission and reflection char 
acteristics for this mode of operation are shown, respec 
tively. In FIG. 20D, the electro-optical light scattering 
structure of FIG. 20 is shown operated in its light transmis 
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Sion mode, wherein an external Voltage V is applied acroSS 
the ITO surfaces (i.e. V=V). In FIGS. 20E and 20F, 
transmission and reflection characteristics for this mode of 
operation are shown, respectively. AS light is transmitted 
when an external Voltage is applied, and Scatters when a 
Voltage is no applied, this structure is Said to operate in the 
“normal mode'. 

0309 Such alternative embodiments of the present inven 
tion will be particularly useful when a room is brightly lit at 
night, and a very Small amount of light leaking from the 
inside to the dark outside may compromise privacy. 
0310 Having described such alternative embodiments of 
the present invention, further modifications thereto readily 
come to mind. 

0311 For example, the electro-optical glazing structures 
described above can be Stacked and laminated together, in 
Virtually any number or ordering, So as form composite 
electro-optical glazing Structures having more than two 
optical States (e.g. four or more). Such electro-optical glaz 
ing Structures can be used to construct Sophisticated window 
Systems capable of providing complex levels of Solar and/or 
visible radiation control. 

0312 Electrically controlled CLC-based smart windows 
of the present invention can be used in homes, Schools, 
offices, factories, as well as in automobiles and airplanes to 
provide privacy, brightness control, and reduce thermal 
loading on heating and cooling Systems employed therein. 
0313 The electro-optical glazings of the present inven 
tion can be used to make intelligent Sunglasses and Sun 
Visors for use in a variety of applications. In Such embodi 
ments of the present invention, the electro-optical glazing of 
the present invention is realized in the form of a pair of 
lenses which are mounted within a frame Supportable upon 
the head of its user, as in conventional eyeglasses or Sun 
Visors. The programmed microcontroller, battery, electro 
magnetic detector, battery recharging circuitry and optical 
state switching circuitry embodied within the window frame 
shown in FIGS. 1A and 12B can be reduced in size and 
embodied within the ultra-compact Sunglasses frame of this 
illustrative embodiment of the present invention. 
0314. In yet another alternative embodiment of the 
present invention, the electro-optical glazing Structures of 
the present invention can be mounted before each LCD 
Viewing panel within the Shutter-type Stereoscopic 3-D 
viewing glasses taught in International Publication No. WO 
97/43681 by VRex, Inc., a wholly owned subsidiary of 
Reveo, Inc., which is incorporated herein by reference in its 
entirety. Advantageously, the application of the present 
invention thereto would provide Stereoscopic 3-D viewing 
glasses having Several additional modes of operation, 
wherein the user could simply control electromagnetic radia 
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tion in either a manual or automatic manner during Stereo 
Scopic 3-D viewing or monoscopic 2-D viewing of dis 
played images (i.e. virtual world viewing), or Stereoscopic 
Viewing of real world objects while walking, bicycling, 
jogging, Sailing, or just lounging about in the rays of the Sun. 
0315. The electro-optical glazings of the present inven 
tion can be used in automotive vehicles, maritime vessels, 
aircrafts and Spacecrafts. 
0316 The modifications described above are merely 
exemplary. It is understood that other modifications to the 
illustrative embodiments will readily occur to persons with 
ordinary skill in the art. All Such modifications and varia 
tions are deemed to be within the Scope and Spirit of the 
present invention as defined by the accompanying claims to 
Invention. 

1-100. (canceled) 
101. An electro-optical glazing Structure having a reflec 

tion mode and a transmission mode of operation for Selec 
tively reflecting and transmitting electromagnetic radiation, 
respectively, the electromagnetic radiation having a first and 
a Second linear polarization; the electro-optical glazing 
Structure comprising: 

an electro-optical glazing panel having a first and a 
Second optical State of operation, the electro-optical 
panel comprising 
a sheet having a large plurality of paired layers parallel 

to one Surface of the sheet, each of the paired layers 
comprising a first and a Second material in each of 
the paired layers, the first and the Second material 
being selected so that the difference in the index of 
refraction for electromagnetic radiation having the 
first linear polarization of the first and the Second 
material is greater than the difference in the index of 
refraction for electromagnetic radiation having the 
Second linear polarization of the first and the Second 
material, each of the paired layerS having a total 
thickness varying non-linearly across the sheet, and 

a Scattering layer for controllably Scattering light disposed 
between the layers of at least one paired layer, the 
Scattering layer comprising a polymerized polymer 
region comprising a polymer dispersed liquid crystal 
layer; and 

an optical State Switching means for Switching the electro 
optical glazing panel to the first optical State of opera 
tion for inducing the electro-optical glazing Structure 
into the reflection mode of operation and for Switching 
the electro-optical glazing panel to the Second optical 
State of operation for inducing the electro-optical glaz 
ing Structure into the transmission mode of operation. 
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