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DEVICE EXHIBITING PHOTO-INDUCED DICHROISM
FOR ADAPTIVE ANTI-GLARE VISION PROTECTION

TECHNICAL FIELD
This invention relates to ophthalmic devices. More particularly, this invention relates
to devices that change optical characteristics as a result of exposure to ultraviolet light.
Specifically, this invention relates to devices that simultaneously polarize and absorb light

depending on the state of linear polarization of the light.

BACKGROUND ART

Coatings and material layers are often applied to optical elements such as ophthalmic

lenses, sunglasses, visors, windshields, etc. for controlling the level oflight passing through
these elements. There are two common types of sunglasses that use such special coatings
and materials.

The first type are the “anti-glare” sunglasses. On sunny days, objects in one’s field
of vision often reflect sunlight specularly. This reflection is far brighter than the diffusely
reflected light from the same object, rendering the object difficult to see. These reflections
are commonly called “glare.” Presently, anti-glare coatings to reduce these undesirable
seeing conditions are dichroic. In other words, they preferentially absorb light having a
particular plane of linear polarization. The original Polaroid H sheet (U.S. Patent No.
2,319,816) was a dichroic polarizer. It functions by absorbing (and henqe, removing) light
with direction of polarization perpendicular to its polarizing axis, and allowing to pass light
that has direction of polarization parallel to its polarizing axis. Such coatings perform their
anti-glarerole because specularly-reflected light is partially linearly polarized and, thus, can
be absorbed by a diphroic layer, properly oriented, on the optical element before the
wearer’s eyes. The diffusely-reflected light is randonﬂy polarized, and so is only w}ery
weakly altered by the dichroic coating.

The second type are the “photochromic” sunglasses. Their apparent color (the amount
of light they absorb at a particular wavelength or wavelengths) reversibly changes in
response to the intensity of light with which they are illuminated. Typically, the
photochromic reaction is in response to bright ultraviolet illumination, while the enhanced
absorption is at visible wavelengths. These devices rely on a reversible photo induced

chemical reaction in which a dye molecule absorbs ultraviolet photons, changes either
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chemically or conformationally, and the reaction product has an altered absorption

characteristic of visible light. These familiar eyeglasses become dark in bright sunlight, and

return to clear when indoors in a dimmer environment. These familiar devices have the .

drawback that the degree to which the absorption changes is controlled entirely by the
intensity of ambient light, and not by the wearer.

Anti-glare sunglasses always perform their function. That is, they always
differentially absorb light depending on its state of polarization, regardless of whether the
effect is desired or not. The wearer of such eyewear frequently must remove the device
when the ambient light level becomes dimmer, as when clouds cover the sun or when going
indoors in order to see adequately in the dimmer environment. This may even become a
safety hazard, as when entering a tunnel while driving on a sunny day.

Photochromic sunglasses only control the level of light transmission when the
ambient light level is high, but they offer no protection against glare. Thus, although the
amount of light entering the eye is reduced, this reduction alone may not result in clearer
vision. Moreover, passive photochromic devices -- those that rely solely on the absence or
presence of ultraviolet light to change states -- are very slow to change states. Typical
photochromic sunglasses take ten to fifteen minutes to revert from a dimmed state to a
bleached state. Notable prior art, U.S. Patent No. 4,549,894, describes photochromic glass
that regains a transmissivity 1.75 greater than it possesses in the fuliy darkened state 300
seconds after the activating illumination is removed. A variation on eyewear exhibiting this
functionality exists, such as disclosed in U.S. Patent No. 5,552,841, but it employs electro-
optic means of controlling the light transmission in conjunction with electric-eye type
devices. Such adevice is complicated to manufacture, and still provides no glare protection.

Liquid crystal light shutters have also been executed as light transmission elements
for eyewear. Some notable prior art is described in U.S. Patent No. 4,279,474. In these
devices, the electrically controllable birefringence of liquid crystals is exploited by
sandwiching them between polarizers. In this execution, the light transmissivity of the
eyewear is controlled via an external electrical signal. Often, this signal is slaved to a photo
sensor to produce responsive eyewear. A familiar example of this are the “automatic”
windows in welding helmets that rapidly darken when an arc is struck, protecting the

wearer’s vision, as described in U.S. Patent No. 4,039,254.
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U.S. Patent No. 3,653,863 discloses an optical device capable of reversibly changing
from a clear unpolarized state to a darkened polarized state upon exposure to actinic
radiation. Such glasses are manufactured from a silicate glass body having elongated silver
halide particulars incorporated therein and wherein the orientation of the halide particulars
is accomplished by stretching the glass during manufacturing. Although this glass material
is effective in its stated purpose, manufacturing of the glass in such a manner is somewhat
cumbersome. Moreover, the performance of such a glass is considered to be unacceptable.
Asnoted in the ‘863 disclosure, transmission in the undarkened state is approximately 77%,
whereas in the present invention, transmission in the undarkened or bleached state can be
greater than 85%, with the majority of the loss in transmissivity coming from reflective
losses that are inherent to any optical device. Other disadvantages of this silver halide glass
material are that the performance characteristics are poor and cannot be easily improved
upon because when the concentration of silver halide is increased too much, the crystallites
become too large and the glass becomes foggy. In the context of eyewear, glass is much
heavier than plastic. As such, although the performance properties of the silver halide glass
are desirable, the weight of eyewear using glass material is a significant detriment. While
the percent polarization of the device described in U.S. Patent No. 3,653,863 approaches
86%, that of the present reduction-to-practice is about 42% at the 620 nm wavelength.
However, the greater percent polarization of the prior art comes at the cost of much greater
absorption in the bleached state.

Therefore, there is a need in the art to provide both the capabilities listed in the
abovementioned prior art by providing an optical device that differentially absorbs light
according to its state of polarization, and performs this task automatically as a function of
the intensity of ambient light. This effect is thus referred to as “photo-induced dichroism.”
There is also a need for this device to be passive and, therefore, impervious to any failure
other than being physically broken or having its constituents degrade chemically. If precise
active control of the absorption rate is desired, the optical device may be electrically

controlled.

DISCLOSURE OF INVENTION
It is thus an object of the present invention to provide a device exhibiting

photo-induced dichroism for adaptive anti-glare vision protection.

!
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It is another object of the present invention to provide a device in which a mixture of
a fluid material and photochromic dyestuff material exhibits photo-induced dichroism.

It is still another object of the present invention to provide a device, as above, in
which the fluid may be an anisotropic liquid crystal material including, but not limited to,
such materials as nematic, chiral nematic, and a polymer liquid crystal material.

It is a further object of the present invention to provide a device, as above, in which
a mechanism may be provided for holding the mixture in a mechanically stable
environment. Such a mechanism may be opposed substrates with the mixture captured
therebetween and enclosed by a frame or other sealing adhesive. Another mechanism for
holding the mixture may be a phase-separated polymeric film.

It is yet another object of the present invention to provide a device, as above, in which
the mixture of a fluid material and photochromic dyestuff material reacts to ultraviolet light
exposure to simultaneously absorb and polarize the light. Upon removal of the ultraviolet
light, the mixture reverts to its original condition within a relatively short period of time.
In other words, the mixture may vary light transmission depending upon the intensity of the
ultraviolet light. And the device may perform these functions passively without the need
for electrical switching. Or the device may perform these functions actively to precisely
control the amount of absorption.

It is yet another object of the present invention to provide a device, as above, in which
the substrates may be corrective lenses carried by a frame.

It is still yet another object of the present invention to use the device so that it may be
used on windows, camera lenses, and the like.

It is still another object of the present invention to provide a device, as above, wherein
the substrates may be provided with an alignment layer so as to uniformly orient the liquid
crystal material as desired by the particular end use of the device.

It is yet a further object of the present invention in which each of the opposed
substrates may be provided with an electrode to allow for application of an electric field to
the mixture. This object ailows for selective adjustment of the mixture’s light absorbance
characteristics by adjusting the electric field applied between the substrates.

It is still yet another object of the present invention to provide a device, as above, in
which the substrates, provided with or without electrodes, may be provided with different

types of alignment layers to control the operational characteristics of the device.
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It is still a further object of the present invention to provide a device, as above,
wherein the mixture may be carried by a polymeric film. As such, the invention may
incorporate the mixture into a polymeric material using thermal-, solvent-, or polymer
ization-induced phase separation. Alternatively, the mixture may include a polymer liquid
crystal with embedded photochromic dyestuff material which is then polymerized by known
methods. This functions to "lock-in” the dye orientation and attain the desired features of
the invention.

It is an additional object of the present invention to provide a device, as above,
wherein the polymeric material may be stretched during the phase separation process so as
to align the liquid crystal material and photochromic dyestuff material to provide for the
linear polarization as discussed above.

It is yet another object of the present invention to apply such a film to a substrate such
as a corrective lens or any other end-use application.

The foregoing and other objects of the present invention, which shall become apparent
as the detailed description proceeds, are achieved by a device for controlling light
transmission, comprising a mixture comprising a fluid material and a photochromic dyestuff
material, and a medium for carrying the mixture, wherein the mixture varies between a first
conditiqn and a second condition, the first condition letting substantially all light pass
through the mixture, and the second condition absorbing light passing through the mixture.

Other aspects of the present invention are attained by a device for exhibiting variable
transparency, comprising a pair of opposed substrates positioned adjacent one another and
having a gap therebetween, and a light sensitive material disposed in the gap, the material
selectively absorbing light when exposed to ultraviolet light, and the material allowing
substantial transmission of light when exposure to ultraviolet light is removed.

Still another object of the present invention is attained by a device for controlling light
transmission, comprising a film carrying a mixture of at least a nematic liquid crystal
material and a photochromic dyestuff material, the film selectively polarizing and absorbing
light when exposed to ultraviolet light and the material allowing substantial transmission
of light when exposure to ultraviolet light is removed.

A preferred device, incorporating the concepts of the present invention, is shown by

way of example in the accompanying drawings without attempting to show all the various
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forms and modifications in which the invention might be embodied, the invention being

- measured by the appended claims and not by the details of the specification.

BRIEF DESCRIPTION OF THE DRAWINGS

For a complete understanding of the objects, techniques and structure of the invention,
reference should be made to the following detailed description and accompanying drawings,
wherein:

Fig. 1 is a cross-sectional view of the device according to one embodiment of the
present invention;

Fig. 2 is a schematic representation of the device in a first condition;

Fig. 3 shows the same device in a second condition;

Fig. 4 is a graphical representation of the absorption of the device as a function of
time for the two orthogonal polarizations, upon removal of an ultraviolet light source;

Fig. 5 is a graphical representation of the absorption of the device as a function of
wavelength for different polarizations with respect to the average alignment of the mixture;

Fig. 6 is a graphical representation of the absorption of the device as a function of
wavelength for different exposure times;

Fig. 7 shows the device utilizing corrective lenses as the substrates;

Fig. 8 is a schematic drawing showing the mixture captured within a polymeric film
according to the present invention;

Fig. 9 shows the polymeric film applied to a substrate;

Fig. 10 is a schematic representation of a device that is electrically controlled in an
unactivated state;

Fig. 11 is a schematic representation of the electrically controlled device in an
activated state;

Figs. 12A-C schematically show the device in various states of operation;

Figs. 13A-C show an alternative electrically controlled device in various states of
operation; and

Figs. 14A-B show another alternative electrically controlled device in various states

of operation.
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PREFERRED EMBODIMENT FOR CARRYING OUT THE INVENTION

A device exhibiting photo-induced dichroism for adaptive anti-glare vision protection
made in accordance with the concepts of the present invention is indicated generally by the
numeral 100 in the accompanying drawings and is best seen generally in Fig. 1. The
primary components of the device are a pair of opposed substrates 112 and a carrying
medium such as a frame or sealant 114. The carrying device could also be a holder, an
adhesive mateﬁal, or the like. The substrates 112, wherein each substrate is identified by
a separate alphabetic suffix, such as 112a and 112b, are opposed with a gap therebetween
and may be constructed out of glass, plastic, or other transparent material. The substrates
112a, 112b may be rigid or flexible, flat or curved, depending upon the end-use application
of the device 100.

Asbest seen in Figs. 2 and 3, the facing surfaces of the substrates 112a and 112b may
be provided with an alignment layer 116. As will be discussed in detail below, use or non-
use of alignment layers is dependent upon the operational characteristics desired by the end-
user. As such, the devices disclosed herein may be provided without alignment layers, an
alignment layer on just one of the substrates, or alignment layers on each of the substrates.
In a passive device embodiment, the alignment layer 116 comprises a thin layer of
polyamide which has been déposited in amanner well-known in the art and unidirectionally
rubbed in the customary manner for producing liquid crystal cells. The direction of fubbing
determines the direction of the linear polarization state that is preferentially absorbed.

A mixture, generally designated by the numeral 120, is disposed between the
substrates 112a and 112b and is in contact with the alignment layers 116. The mixture is
contained between the substrates by the carrying medium 14. The mixture 120 includes
aphotosensitive or a photochromic dyestuff material 122 and a host material 124. The host
material 124 can be any fluid that dissolves the dyestuff material. Preferably, the host
material 124 may be a liquid anisotropic mesogenic material. This includes, but is not
limited to, nematic and chiral nematic liquid crystal materials. As will be discussed in
further detail, the liquid crystal material assists in providing the polarizing effect.
Alternatively, a polymeric liquid crystal material could be used as the fluid host material
124. If precise control of the absorption rate is desired, the optical device may be

electrically controlled.
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It has been found that by mixing the dyestuff material into a fluid, as defined above,
various photochromic properties of the dyestuff are improved. For example, the absorption
per concentration of the dyestuff in an anisotropic host material can be improved, therefore,
less dye may be needed. This improves the device’s transmission of light in its clear or
bleached condition. Additionally, less dye material is required, thereby providing a cost
savings. Most importantly, the recovery time -- the time it takes the material to revert from
an absorptive condition to a clear condition -- can be reduced from 5-15 minutes to about
2-20 seconds, which is believed to be an attribute of utilizing a fluid host. As used herein,
the term “absorbing” is taken to mean reducing the amount of light transmission through the
device and/or selectively polarizing components of the light as it passes through the device.

The device 110, in its most simple form, without alignment layers and when the host
material 124 is simply a fluid that dissolves the photosensitive or photochromic material
122, functions as previous photochromic glasses. But, by incorporating the material 122
into a fluid host material 124 that imparts orientational properties to the dyestuff material,
it has been found that the response time between the transparent and absorptive states is
improved by an order of magnitude. This significantly improves the performance and utility
of such devices. While not wanting to be bound by theory, it is believed that use of any
fluid host material, as opposed to a solid host material, effectively allows the dyestuff
material to open and close more quickly at the molecular level when exposed to ultraviolet
light.

A nematic liquid crystal material, used as the host material 124, further enhances the
performance of the device 100. Moreover, it is possible that the nematic liquid crystal
material may itselfhave photochromic properties. With aliquid crystal material, the device
100, in the absence of a bright ultraviolet light, is essentially transparent to light, regardless
of its state of polarization. However, when the device 100 is irradiated with a bright
activating or ultraviolet light, as is found in sunlight, it preferentially absorbs at least one
polarization component of visible light to substantially reduce the glare that impedes clear
vision while also absorbing a portion of the light. Upon removal of the ultraviolet light, the
device reverts to its transparent state. As such, the device 100 performs both an anti-glare
function and an absorption function. Most importantly, this anti-glare function is performed

only in a bright environment when glare presents a problem. This function is passive,
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inasmuch as no stimulus other than naturally occurring sunlight causes a change in the
device’s condition between transparent and absorptive.

As best seen in Fig. 2, the mixture of nematic liquid crystal host material 124 and
photochromic dyestuff material 122 is aligned essentially parallel with respect to the
alignment direction. The long stick shapes represent the liquid crystal molecules and the
stick-and-ball shapes represent the dyestuffs, as described in the figure immediately above.
The horizontal line represents the propagation direction of a light beam traversing the
sample, and the array of arrows on this line represents this light beam being randomly
polarized. The arrow on the outgoing side of Fig. 3 shows light that has been linearly
polarized by the induced dichroism of the device. Testing has shown that devices of the
present invention can have a transmission of greater than 86% and up to 98%, as relative
to an ordinary piece of glass. As noted previously, the direction of linear polarization is
related to the dyestuff alignments with the liquid ;rystal material which then depends on the
rubbing direction of the alignment layer 116.

In the preferred embodiments of the device 100, the transmissivity to orthogonal
components of linearly polarized light, as a function of time, is shown in Fig. 4. The
readings associated with the circle data points are representative of light absofption by the
device for linearly polarized light with directions of polarization parallel to the direction of
the average alignment of the nematic liquid crystal material. The other data readings,
indicated by the square data points, are representative of the light absorption by the device
for linearly polarized light with a direction perpendicular to the direction of the average
alignment of the nematic liquid crystal material. Accordingly, not only does the device 100
exhibit arecovery to the transparent, non-dichroic state after the ultraviolet light is removed,
but the recovery happens in only a few seconds. It is submitted that substantial transition
from the absorption state to the transparent state is roughly in the same amount of time it
takes for one’s pupils to dilate after going from a brighter to a dimmer environment. The
present invention regains that level of relative transmissivity in as fast as two seconds.
Thus, the recovery time of the present invention is about 150 times shorter than attained by
the device of the ‘894 patent. Indeed, the transparent state returns within less than 20
seconds after the activating illumination is removed, many times faster than traditional soiid
photochromic devices. While not wanting to be bound by theory, it is believed that use of

any fluid host material, as opposed to a solid material, effectively allows the dyestuff
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material to open and close more quickly at the molecular level when exposed to ultraviolet
light. |

In this embodiment, the main object of the invention is to provide enhanced
performance. This enhanced performance is in the form of dramatically shorter response
times, as described above, and also in the form of greater photochromic efficiency for a
given amount of photochromic dyestuffs. This greater efficiency results from the effective
dichroic nature of the dyestuffs, when they are in the activated state. Photochromic
dyestuffs, when activated, and when dispersed in a liquid crystalline material, exhibit
dichroism. Thatis, at any given wavelength of light, they exhibit one absorption coefficient
(o) for light having polarization direction parallel to the liquid crystal optic axis, and a
different absorption coefficient (ot;) than for light having polarization direction
perpendicular to the liquid crystal optic axis.

In an isotropic fluid host, the molecules are randomly oriented in space and the
effective absorption is a weighted average: o= (20, +0y)/3. In an anisotropic fluid host
material, designed for polarization independent operation, the absorption can be increased

et

to  q,-= 3 or &, ,depending on the desired effect. Thus, this embodiment with

an anisotropic host, for the same amount of photochromic dye, can have a greater absorption
than the embodiment using an isotropic material. This is particularly important because
dyes are typically the most costly components in such a device. Moreover, when the dye
is of limited solubility, the amount of dissolved dye is fixed. For both of these reasons, this
embodiment is a substantial improvement because it yields greater efficiency for the same
amount of dissolved dye. The dyes so far used in this device yield a value o that is
enhanced by approximately 20%.

In the device 100, one subst;ate is treated so as to induce the optic axis of the liquid
crystal, where it is in contact with that substrate, to lie in the plane parallel to that substrate
surface. The other substrate is also treated so as to induce the optic axis of the liquid
crystal, where it is in contact with that substrate, to lie not only in the plane parallel to that
substrate surface, but also parallel to the direction in which the optic axis of the liquid
crystal lies on the other substrate. Thus, the optic axes of the liquid crystal at the location
of the two substrates are parallel.
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Fig. 3 shows a schematic of this embodiment which is a photo-induced linear
dichroic polarizer. That is, when it is excited by activating light, it absorbs light whose
polarization direction is parallel to the optic axis of the liquid crystal preferentially over that
whose polarization direction is perpendicular to the optic axis of the liquid crystal. In the
absence of activating light, it is transparent. Thus, the device, in this embodiment, performs
the anti-glare function of the common type of sunglasses referred to in the prior art, yet only
performs this function when necessary, that is, in a bright environment where glaré presents
a problem. The state of polarization preferentially selected depends on the direction in
which the substrates are rubbed prior to assembly and/or the absorption axis of the dye
molecules. Moreover, the response time of this variation is also significantly improved.
It is conceivable that only one substrate could be treated with an alignment layer, or the
alignment layers could be rubbed in different directions. However, such variations provide

no readily apparent performance advantages other than the improved response time.

EXAMPLE I

A combination of nematic liquid crystals and photochromic dyestuffs was obtained
by mixing the nematic liquid crystal material manufactured by MERCK under the trade
name E7, with a spiral spyropyran-based dye (Photosol 0265 manufactured by PPG
Industries) at a concentration of 0.5 weight percentage dye to liquid crystal. This solution
was confined between indium-tin-oxide coated parallel glass plates, separated by a distance
of about 24 microns. The glass plates had previously been coated with polyimide coating
(sold by DuPont under the trade name PI2555). The coating was applied according to the
manufacturer’s instructions and then unidirectionally buffed.

As best seen in Fig. 5, a graphical representation shows the absorption of light by
the device for linearly polarized light with directions of polarization both parallel (the top
curve) and perpendicular (the bottom curve) to the direction of average alignment of the
nematic liquid crystal material. A skilled artisan will appreciate that these curves reveal a
dichroism. In other words, there is a preferred absorption of one polarization state of light
over another. Fig. 5 also reveals the absorptive properties of the device after exposure to
ultraviolet light having power intensity of about 4 mW/cm? within the wavelength range of
320-380 nm for about 10 seconds. Bright sunlight has typically 3 mW/cm squared power

intensity in this range.
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As best seen in Fig. 6, the lowest curve, designated by (a), shows the absorption in
the absence of ultraviolet light. The middle curve, designated by (b), shows the absorption
only a few seconds after application of the ultraviolet light. Finally, the upper curve,
generally designated by (c), shows the absorption about 10 seconds after application of the
ultraviolet light. It is noted that the extreme anomalies at approximately 550 nanometers
and 580 nanometers are a result of imperfections or artifacts of the measuring device
employed and are not properties of the device. Referring back to Fig. 4, it is readily
apparent that the disappearance of essentially all absorption as a function of time, by virtue
of the removal of the ultraviolet light, has been accomplished. After 15 to 20 seconds, the
device is "bleached” so that it no longer absorbs any significant amount of light. Moreover,
the difference in the transmittance in the visible region between the two polarizations states
in the bleached states is at most 2-3%. Thus, in the bleached state, the device is essentially
transparent. The cycle of illuminating with ultraviolet light to induce the dichroism, and
then removing the ultraviolet illumination so that the device reverts to the bleached state is
repeatable many times with no measurable reduction in performance.

Based upon the foregoing, it will be appreciated that numerous advantages are
realized by the foregoing device. With an anisotropic material, the mixture captured
between the substrates effectively performs two functions -- adjustable absorption and linear
polarization -- in a single device with much improved transmission that previously were
only obtained by distinct and separate devices. Moreover, the present device accomplishes
the enhanced absorption and linear polarization utilizing much simpler manufacturing
methods and with enhanced performance over previously known devices. Most
importantly, with an anisotropic host material, a photo-induced polarizing device can be
realized.

Use of the device described above may be incorporated into corrective lenses such
as shown in Fig. 7. Fig. 7 shows a device, generally designated by the numeral 130,
incorporating corrective lenses 132. The device 130 includes the mixture 120 encapsulated
between two corrective lenses so as to allow users of corrective lenses to take advantage of
the concepts of the present invention. Of course, other types of lenses could be used to
capture the mixture 120.

Referring now to Fig. 8, the concepts of the present invention may also be

incorporated into a film, designated generally by the numeral 140. Use of the film 140 as
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a carrying medium eliminates the need for substrates and frames as provided by the device
100. The film 140 may be formed by a number of materials and phase separation methods.
The film 140 includes a polymer material 142 that has orientational order or contains
droplets of the mixture 120 that passes order.

The film can be constructed using a liquid crystal material or a mixture thereof. In
one variation, an anisotropic liquid crystal material, such as a nematic polymeric material
that can be solidified thermally or by phase separation, and a dyestuff material are used.

In another variation, a solid film of photo-induced dichroic material may be
produced in a manner similar to polymer dispersed liquid crystal films. In such an
embodiment, the mixture 120 of nematic liquid crystal material and photochromic dyestuff
material is dissolved in a transparent polymer, above the polymer’s melting temperature.
As the polymer mixture cools and hardens, the mixture of nematic liquid crystals and
photochromic dyestuffs separates as a distinct fluid phase encapsulated within droplets.
This technique is commonly referred to as thermally induced phase separation. As the
mixture cools and begins to harden, and when it is cold enough to support itself, but not so
cold as to be completely solid, it is drawn into a film. During this process, the film is
uniaxially stretched. This stretching aligns the droplets so that thé material evidences
orientational order and, thus, defines the direction of linear polarization that is preferentially
absorbed. Once the film has cooled, the stretched droplet structure is permanently locked
into place. With the combination of the mixture so encapsulated, the film 140 exhibits the
same photo-induced dichroism as in the embodiment described above. This method of
forming the film is advantageous inasmuch as it can be produced in vast quantities and can
then later be applied or retrofitted to eyewear or other optical devices.

Reference is made to Fig. 9 which shows the film 140 attached by an adhesive or
mechanically to a substrate such as a corrective lens 145. Those skilled in the art will also
appreciate that other carrying mediums for the mixture 120 may be formed by utilizing
solvent-induced phase separation or by polymerization-induced phase separation. It is
believed that since the fluid material is encapsulated and/or solidified, the response time
between the bleached and darkened states will not be as fast as those embodiments with the
dyestuff material in a fluid host material.

Referring now to Fig. 10, a device for electrically controlling photo-induced

dichroism, made in accordance with the concepts of the present invention, is indicated
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generally by the numeral 150. The device 150, which may be referred to as an actively
controlled device, includes many of the same elements as the device 100 (passive device).
The device 150 includes the substrates 112a,b, the frame or sealant 114, alignment layers
116 on one or both substrates 112a, b, and the mixture 120 in any of the variations discussed
above. The device 115 also includes electrodes 152 disposed on each substrate, wherein if
any alignment layer is used, the alignment layer covers the electrode. A power supply 154
is connected to each electrode to allow for application of an electric potential of variable
amplitude and variable frequency across the mixture 120. A switch 156 -- shown in the
open position -- may be connected between one of the electrodes 152 and the power supply
154. The switch 156 may be a simple on/off switch or a variable resistor type switch. Use
of the power supply 154 allows for active control of the device’s variable absorption.

Asseen in Fig. 11, with the switch 154 closed, an electric field is applied across the
substrates 112a,b. Application of the electric field may be variable and in response to
various types of input. Usually, a sensor of some type is associated with the switch to
control the amount of electric field applied. For example, the sensor could detect the
presence or absence of ambient light or ultraviolet light. In any event, once the electric field
is applied, the orientation of the liquid crystal material is altered and the dyestuff material
is transformed to absorb the undesirable polarization component(s). The angle 0, which is
the angle of the liquid crystal host material, with respect to the substrate, varies according
to the strength of the electrical field applied.

The device 150 has various modes of operation as shown in Figs. 12A-C. In the
absence of bright ultraviolet light (the so-called “bleached” state), as shown in Fig. 12A, the
device is essentially transparent.

In Fig. 12B, in the presence of bright ultraviolet light, the device absorbs visible
light, i.e., its color changes. When the applied potential difference across the electrodes
exceeds a threshold value, the device’s absorption decreases substantially, as shown in Fig.
12C. The degree to which the absorption changes can be controlled by varying the
amplitude of the applied potential difference. When the applied potential difference is
removed, the device quickly reverts to the more absorptive, “colored” state it possessed
before the potential difference was applied. In the preferred embodiment, in the presence
of ultraviolet light, this device also acts as a dichroic polarizer. The absorption df light is

greater for light having its direction of linear polarization parallel to the direction of
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alignment of liquid crystals on the surface. For this reduction-to-practice, the combination
of nematic liquid crystals and photochromic dyestuffs was achieved by mixing the nematic
liquid crystal mixture sold by MERCK under trade name E7 with a spyropyran based dye
(Photosol 0265 manufactured by PPG) at a concentration of 0.5 wt% dye to liquid crystal.

For the device 150, the alignment coating on the substrates may be chosen to give
“homogeneous” alignment of the nematic liquid crystal host. That is, the substfates are
treated so that the average direction of molecular orientation of the liquid crystal host is in
afixed direction, parallel to the substrates’ surfaces, wherein the nematic liquid crystal host
possesses a so-called positive dielectric anisotropy. Furthermore, in the preferred
embodiment, a photochromic dye is employed which, when dissolved in an anisotropic host,
gives a greater absorption for light polarized parallel to the optic axis.

An alternative embodiment is identical to that above, except a photochromic dye is
employed which, when dissolved in an anisotropic host, gives 5 greater absorption for light
polarized perpendicular to the optic axis (negative dichroism). In this embodiment, shown
in Figs. 13A-C, the device is transparent in the bleached state. In the presence of bright
ultraviolet light, with no potential difference applied, the device absorbs visible light and
polarization component perpendicular to the alignment layer. It preferentially absorbs light
with direction of polarization parallel to the alignment direction of the liquid crystal, that
is, it acts as a dichroic polarizer. When a potential difference greater than a threshold value
is applied to the device, its absorption increases, and its polarizing action (its effective
dichroic ratio) decreases.

Another alternative embodiment of the device employs a nematic liquid crystal host
with negative dielectric anisotropy. That s, the dielectric constant is smaller for the average
direction of molecular orientation parallel to any applied electric field. In this embodiment,
shown in Figs. 14A-B, the alignment coating on the substrates is chosen to give
“homeotropic” alignment, in which the average direction of the molecular orientation of the
liquid crystal host is perpendicular to the substrates. As in the preferred embodiment, a
photochromic dye is employed which, when dissolved in an anisotropic host, gives a greater
absorption for light polarized parallel to the optic axis. In this embodiment, the
functionality is complementary to that in the preferred embodiment above. In the absence
of bright ultraviolet light, the device is essentially transparent. When irradiated with bright
ultraviolet light, the device absorbs visible light. When a sufficiently large potential
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difference is applied across the substrates, the absorption increases; the absorption change
is controllable by adjusting the applied potential difference.

An alternative embodiment of the device is one based on the embodiments listed
above, but where one or both of the transparent plates are replaced with meniscus lenses to
not only provide light transmission control, but also to correct the wearer’s vision. A skilled
artisan will also appreciate that the degree or amount of polarization can be altered by using
different materials and device geometries. In other words, the physical operational
parameters of the device may be affected by changes in the cell gap dimension, the
alignment layers used, the materials used, and the like.

Thus, it can be seen that the objects of the invention have been satisfied by the
structure and its method for use presented above. While in accordance with the Patent
Statutes, only the best mode and preferred embodiment has been presented and described
in detail, it is to be understood that the invention is not limited thereto or thereby.
Accordingly, for an appreciation of true scope and breadth of the invention, reference should

be made to the following claims.
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What is claimed is:

1.

A device for controlling light transmission, comprising:

amixture comprising a fluid material and a photochromic dyestuff material;
and

a medium for carrying said mixture, wherein said mixture varies between a
first condition and a second condition, said first condition letting substantially all
light pass through said mixture, and said second condition absorbing light passing

through said mixture.

The device according to claim 1, wherein said fluid material is a liquid crystal

material.
The device according to claim 2, wherein said conditions are passively reversible.

The device according to claim 2, wherein increasing exposure to ultraviolet light

forces said mixture toward said second condition.

The device according to claim 2, wherein decreasing exposure to ultraviolet light

forces said mixture toward said first condition.
The device according to claim 2, wherein said conditions are actively reversible.

The device according to claim 2, wherein said medium comprises:
a pair of opposed substrates having a gap therebetween for receiving said
mixture; and

a frame for holding said pair of substrates adjacent one another.

The device according to claim 7, wherein each said substrate has an alignment layer

contacting said mixture.

The device according to claim 7, wherein at least one of said substrates is a

meniscus lens.
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The device according to claim 1, wherein said medium comprises a polymer film,
wherein said mixture is dispersed through said film, and wherein said mixture

includes a liquid crystal material.

The device according to claim 1, wherein said medium comprises:

a pair of opposed substrates having a gap therebetween for receiving said
mixture;

an alignment layer disposed on at least one said substrate facing said gap;
and

a sealant capturing said mixture between said substrates.
The device according to claim 11, wherein said fluid is a liquid crystal material.

The device according to claim 11, wherein said fluid is a chiral nematic liquid

crystal material.

The device according to claim 11, further comprising:

an electrode disposed on each said substrate facing said gap; and

an electric power source connected to each said electrode, said electric power
source generating an electric field that controls the variation between said first and

second conditions.

The device according to claim 14, wherein application of the electric field controls
an angle of said fluid material with respect to said substrate which, in turn, controls

the orientation of said photochromic dyestuff material.

The device according to claim 14, wherein exposure to ultraviolet light forces said

mixture toward said second condition.

The device according to claim 16, wherein application of said electric field forces

said mixture back toward said first condition.
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The device according to claim 16, wherein said second condition absorbs visible
light and polarization components substantially perpendicular to said alignment
layer, and wherein application of said electric field increase absorption of visible

light while absorption of the polarization components decrease.

The device according to claim 16, wherein said second condition absorbs visible

light, but not any polarization components when said electric field is applied.

A device for exhibiting variable transparency, comprising:

a pair of opposed substrates positioned adjacent one another and having a
gap therebetween; and

a light sensitive material disposed in said gap, said material selectively
absorbing light when exposed to ultraviolet light, and said material allowiné

substantial transmission of light when exposure to ultraviolet light is removed.

The device according to claim 20, wherein said material is a polymer liquid crystal

material.

The device according to claim 20, wherein said material is a mixture of a fluid

material and a photochromic dyestuff material.

The device according to claim 21, wherein said fluid is a nematic liquid crystal

material.

The device according to claim 21, wherein said fluid is a chiral nematic liquid

crystal material.

The device according to claim 23, wherein each said substrate has an alignment

layer adjacent said gap, wherein both said alignment layers are uniaxially aligned.

The device according to claim 23, further comprising a frame for carrying said

substrates.
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The device according to claim 23, wherein at least one of said substrates is a

corrective lens.

The device according to claim 23, wherein the amount of light absorption and light

polarization is dependent upon the amount of ultraviolet light exposure.

The device according to claim 20, wherein said photochromic dyestuff material is

at a concentration in the range of 0.1% to10% weight of said fluid material.

A device for controlling light transmission, comprising:

a film carrying a mixture of at least a nematic liquid crystal material and a
photochromic dyestuff material, said mixture selectively polarizing and absorbing
light when exposed to ultraviolet light and said material allowing substantial

transmission of light when exposure to ultraviolet light is removed.
The device according to claim 30, wherein said film is formed by a phase separation
process selected from the group consisting of thermally induced, solvent induced,

and polymerization induced.

The device according to claim 30, further comprising a substrate for carrying said

film.
The device according to claim 32, wherein said substrate is a corrective lens.

The device according to claim 30, wherein said film is formed from a nematic

polymeric material with the dyestuff material orientationally ordered.
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