wO 2013/116460 A 1[I I 0F V0000000000 O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

—~
é

\\

8 August 2013 (08.08.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/116460 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
G02B 5/30 (2006.01) G02B 27/28 (2006.01)

International Application Number:
PCT/US2013/024044

International Filing Date:
31 January 2013 (31.01.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/592,883 31 January 2012 (31.01.2012) US
Applicant: ALPHAMICRON  INCORPORATED

[US/US]; 1950 State Route 59, Kent, Ohio 44240 (US).

Inventor: TAHERI, Bahman; 3256 Lansmere Road,
Shaker Heights, Ohio 44122 (US).

Agents: MORTON, Andrew et al.; Renner, Kenner,
Greive, Bobak, Taylor & Weber, Fourth Floor, First Na-
tional Tower, Akron, OH 44308-1456 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: ELECTRONICALLY DIMMABLE OPTICAL DEVICE

30

Max reflected Iight

50
~a
/ V=0
52 —— No effect
Reflects X,
54 — Transmits Y
Rotat
% ™~ 5000000 000000000000 v
0000000 Y/ 000000000000 o x
58 —_ Reflects X,
Transmits Y
60 —— -

FIG. 3

(57) Abstract: An electronically dimmable optical device, including, in sequence, an active absorbing polarizer; a first static reflect-
ive polarizer; an active polarization rotator; and a second static reflective polarizer; configured so that the reflectivity and/or trans -
missivity of the device can be controlled (increased or decreased) by application of a voltage across the active absorbing polarizer
and/or the active polarization rotator. One or more polarization levels can be selected by controlling the voltage at the active absorpt -
ive polarizer such that setting the active absorptive polarizer to a selected polarization level determines the brightness of an image
produced by the device.
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ELECTRONICALLY DIMMABLE OPTICAL DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to, and any other benefit of, U.S.
Provisional Patent Application Serial No. 61/592,883 entitled ELECTRONICALLY
DIMMABLE MIRROR and filed January 31, 2012, the entire disclosure of which is fully

incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to electronically dimmable reflective or
transmissive optical devices using various reflective polarizer, absorptive polarizer and
polarizer rotator configurations for use in vehicles, windows, visors, helmets, mobile

phones and various other applications.

BACKGROUND ART

[0003] In vehicles, drivers generally use an interior rearview mirror and two
exterior side view mirrors (hereinafter referred to collectively as “rearview mirrors™). The
rearview mirrors allow the driver to view scenes behind the vehicle without having to face
in a rearward direction and to view areas around the vehicle that would otherwise be
blocked by the vehicle structure. As such, these mirrors are an important source of
information to the driver. Bright lights appearing in a scene behind the vehicle, such as
from another vehicle approaching from the rear, may create glare in a rearview mirror that
can temporarily visually impair or dazzle the operator. This problem is only aggravated
under Jow ambient light conditions such as at night, when the eyes of the driver have

adjusted to the darkness.

[0004] Various solutions have evolved to deal with the problem of glare in
rearview mirrors of vehicles. One conventional solution to this problem, used primarily
with interior, center-mounted rear view mirrors, is to employ a prismatic mirror with a
switch lever on the mirror housing. The switch can be manually moved between a daytime
position, providing direct, normal intensity reflection from the mirror surface, and a
nighttime position, providing a reduced intensity reflection. When the driver experiences
glare, he manually changes the rearview mirror setting to low reflectivity. With the low

intensity of light reflected to the driver, the intensity of reflected headlights from trailing
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vehicles is insufficient to impair the driver's vision. Once the glare is subsided, the driver
can manually switch the rearview mirror back to high reflectivity. Difficulties with
manually controlled mirrors include the glare experienced before the mirror could be

switched, as well as driver distraction caused by finding and operating the switch lever.

[0005] Other solutions include automatically dimming rearview mirrors which
eliminate the need for the operator to manually switch the mirror. Improvements in glare
reduction occurred when prismatic mirrors having two states were replaced with multi-
state mirrors which include dimming elements capable of providing many levels of
reflectivity reduction. One type of such multi-state automatically dimming rearview mirror
is based on changes in the absorption spectra of some materials due to a change in the
oxidation state induced by an external current flow. This effect is referred to in the
literature as the electrochromic effect and such automatically dimming rearview mirrors
are commonly termed electro-chromic mirrors. An electrochromic mirror includes an
electrochromic medium connected between two electrodes. The electrochromic medium is
responsive to external current generated by applying charge to a pair of electrodes. When a
sufficient electrical current is applied across the electrodes of the automatically dimming
rearview mirror, the electrochromic medium enters a tinted state by changing its spectral
characteristics. However, electrochromic mirrors suffer from many limitations such as

slow response rate, high temperature sensitivity, and high power consumption.

[0006] Other known automatically dimming mirrors make use of the properties of
liquid crystals. Liquid crystals have very fast response time, lower power consumption,
and low temperature sensitivity in useable range. Application of an electric field reorients
the liquid crystal molecules and changes their optical properties such as birefringence or
absorption. In liquid crystal based dimming systems, when the molecules are in the
realignment state, the light reflected from the mirrors is attenuated to a degree that is
normally proportional to the applied electric field. Upon reducing or removing the applied
electric field, the system returns to a normal, more transparent state. Using such mirrors,
therefore, it is possible to obtain selectively a high or a low reflecting power, according to
whether the electrical voltage applied to the liquid crystal is lower or greater than the
threshold. However, liquid crystal based systems typically use static (not switchable)
absorptive polarizers for light attenuation, which often reduces the reflectivity to <50% or
<40%, even in the highly reflective state. This low reflectance automatically eliminates

their use for many applications including rearview mirrors. More recently, guest host
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systems have been proposed to overcome this limitation. However, these systems still do
not offer the high reflectance or wide swing in the reflectivity between the clear and the

dark state that is achievable with electrochromic systems.

[0007] To circumvent the issue associated with static absorptive polarizers, the use
of switchable polarizers has been proposed. These can be reflective such as the device in
U.S. Patent No. 7,362,505 (Hikmet et al.) or absorptive, such as the device in US Pub. No.
2005/0057701 (Weiss). However, switchable reflective polarizers based on cholesterics do
not possess the optical or electrical characteristics needed for many dimmable mirror
applications. For example, it is well known that switchable cholesteric polarizers have a
high degree of haze in both transmissive and reflective states, which makes them
unsuitable for optical applications, particularly when a single light source (such as a
headlamp of a car) is used. Furthermore, they require high switching voltage and have an
undesirably long relaxation time (e.g. several minutes) to the reflective state. These

drawbacks make them unsuitable for dimmable mirror applications.

[0008] Absorptive active polarizers have been suggested for autodimming
applications (see e.g. Weiss, US Pub. No. 2005/0057701). In these systems, a single active
polarizer is used to absorb both polarizations of the incident light. To achieve this, the
combination of a quarterwave plate and a highly reflective, polarization independent
mirror is used to rotate the polarization of unabsorbed light. The disadvantage of this
system is that the reflection will not be uniform across the entire visible spectrum since
quarterwave plates are wavelength and angular dependent. As such, the system will
exhibit non-uniformity, especially in point source illumination conditions as observed with
head lamps at night. In addition, these systems are not compatible for use with displays or

other images.

[0009] Therefore, there is a need for dimming mirrors that can offer fast response
time, low power consumption, and a low temperature sensitivity which also possess a high

reflective state and a low dark state with potential for intermediate states.

[0010] Similarly, there is a need for electronically dimmable transmissive devices,
such as windows in a building, vehicle, airplane, etc., where the amount of light passing
through the device can be controlled electronically. Thus, for example, a window can be
dimmed in the summer to allow less sunlight into the interior of a building, while during
winter months, it can be set to maximum transmissivity to allow more sunlight to enter the
building. The present invention provides a description of various novel configurations of

3
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an electronically dimmable optical device that can be used in reflective and/or

transmissive applications.

SUMMARY OF THE INVENTION

[0011] Herein is provided a novel system and method for reflecting and
transmitting light at variable intensity by providing an electronically dimmable optical
device. Such a device includes the following layers in sequence: an active absorbing
polarizer, a first static reflective polarizer, an active polarization rotator, and a second
static reflective polarizer. The layers are configured such that the reflectivity and/or
transmissivity of the device can be controlled (increased or decreased) by application of a

voltage across the active absorbing polarizer and the active polarization rotator.

[0012] When the device is used as a reflective device, it can further include a beam
stop adjacent the second static reflective polarizer to minimize or eliminate any further

reflection of light that reaches it.

[0013] In some embodiments, the device can further include a static polarization
rotator.
[0014] The devices described herein may be either of rigid construction (e.g. using

glass substrates) or flexible (e.g. using plastic substrates or the like).

[0015] In one embodiment, the optical device configuration is as follows: (a) the
active absorbing polarizer has an absorptive axis in an x-direction when activated by
application of a voltage, (b) the first static reflective polarizer has a reflective axis in the
x-direction, (c) the active polarization rotator rotates the polarization axis of incident light
by 90° when activated by application of a maximum voltage, and (d) the second static
reflective polarizer has a reflective axis in a y-direction, so that upon application of the
voltage, the reflectivity of the optical device is reduced. The level of reflectivity of the
device can be varied by applying a variable voltage between a zero voltage and maximum

voltage settings.

[0016] In another embodiment, the optical device configuration is as follows: (a)
the active absorbing polarizer has an absorptive axis in an x-direction when activated, (b)
the first and second static reflective polarizers have a reflective axis in the x-direction, (c)
the active polarization rotator rotates the polarization axis of incident light by 90° when in

a non-activated state, so that upon application of the voltage, the reflectivity of the optical
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device is reduced. The level of reflectivity of the device can be varied by applying a

variable voltage between a zero voltage and maximum voltage settings.

[0017] In some embodiments, the device is a dimmable mirror that reflects a

selective wavelength of visible spectrum.

[0018] In some examples, the device is a dimmable mirror that absorbs a selective

wavelength of the visible spectrum.

[0019] As a transmissive device, the device can have minimum transmissivity
when a maximum voltage is applied across the active absorbing polarizer and/or the active
polarization rotator. Alternatively, in other embodiments, the device has maximum
transmissivity when a maximum voltage is applied across the active absorbing polarizer
and/or the active polarization rotator, but minimum transmissivity when the device is not

activated by application of a voltage.

[0020] The reflectivity and/or transmissivity of any of the devices of the present
invention can be controlled automatically, manually, or with a combination of both

automatic and manual controls.

[0021] In some examples, the polarization level of the active absorptive polarizer
is selected by controlling the voltage applied to the active absorptive
polarizer. Accordingly, setting the active absorptive polarizer to the selected polarization

level determines the brightness of the image produced by the device.

[0022] Thus, the device can further include a controller for application of voltage

to the device and the controller is coupled with the active absorptive polarizer.

[0023] In some embodiments, the active absorptive polarizer is divided into two or
more sections, and the controller sets each of the sections to a respective polarization

level.

[0024] In further embodiments, the device includes at least one light detector,
coupled with the controller, configured such that the light detector provides one or more
light-intensity values. The controller then sets the active absorptive polarizer to the

selected polarization level according to each light-intensity value.

[0025] Also contemplated herein is a reflective device or mirror, as described

above, but which has in addition a display placed on the non-viewing side of the device or



WO 2013/116460 PCT/US2013/024044

mirror, configured so that at least a portion of light emitted from the display is transmitted

to a viewing surface of the optical device.

[0026] Any of the devices described above can be configured so that the device
can reflect more than 50% of incident light when it is in its maximum reflectivity state. In
some examples, the device’s reflectivity can be more than 60%, 70%, 80% or 90% when

in its maximum reflectivity state.

[0027] The device can also be configured so that the swing (or contrast) between
its maximum and minimum reflective states is more than 50%. In some example, the
swing or contrast is more than 60%, 70% or 80%. The device can also be configured to
reflect less than 30%, 20% or 10%, or any number in between, of incident light when it is

in its minimum reflectivity state.

[0028] Any of the reflective devices described above can be used as a rearview or
side-view mirror of a vehicle, airplane, or used in any similar application where a

dimmable mirror is desirable.

[0029] In other example, any of the transmissive devices described above can be
used in windows, visors, helmets, etc, or used in any similar application where a dimmable

transmissive device is desirable.

[0030] Also contemplated herein is a method of reducing light reflected from an
optical device, where the method includes using any of the optical devices described

above and applying a voltage to the optical device to alter the reflectivity of the device.

[0031] In some embodiments, the method includes: directing incident light toward
a viewing surface of a device having an active absorptive polarizer at its viewing surface,
followed by a first static (non-switchable) reflective polarizer, an active (electrically
switchable) polarization rotator, and a second static (non-switchable) reflective polarizer.
The layers are configured such that the device has maximum reflectivity when the device
is in an unenergized state and minimum reflectivity when the device is activated by a

maximum voltage applied to the active polarizer and the active polarization rotator.

[0032] In other embodiments, the layers are configured such that the device has
minimum reflectivity when the device is in an unenergized state and maximum reflectivity
when the device is activated by a maximum voltage applied to the active polarizer and the

active polarization rotator.
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[0033] In some example, the method includes: setting the active polarizer to be in
a non-absorptive state when not energized, and to absorb an x-direction polarization of
incident light and transmit a y-direction polarization when energized by application of a
voltage; setting the first reflective polarizer to reflect the same x-direction polarization that
the active polarizer absorbs; setting the second reflective polarizer to reflect the
orthogonally opposite y-direction polarization of light; and setting the active polarization
rotator to have no effect when non-energized and to rotate the polarization direction of
light by up to 90° when energized by a maximum voltage. The level of reflectivity of the
device can be varied by applying a variable voltage between a zero voltage and maximum

voltage settings.

[0034] In other example, the method includes: setting a viewing surface active
polarizer to be in a non-absorptive state when not energized, and to absorb an x-direction
polarization of incident light and transmit a y-direction polarization when energized by
application of voltage; setting the first and second static reflective polarizers to reflect said
x-direction polarization of light; and setting the active polarization rotator to have no
effect when energized by a maximum voltage but to rotate the polarization direction of
light by 90° when in a non-energized state. The level of reflectivity of the device can be
varied by applying a variable voltage between a zero voltage and maximum voltage

settings.

[0035] Other features, details, utilities, and advantages of the present invention
may be apparent from the following more particular written description of various
embodiments of the invention as further illustrated in the accompanying drawings and

defined in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Features and advantages of the invention will become apparent from the
following detailed description made with reference to the accompanying drawings,

wherein:

[0037] FIG 1 is a schematic cross-sectional view of a portion of an optical device

according to a first embodiment when the device is in a voltage OFF state;

[0038] FIG 2 is a schematic cross-sectional view of a portion of the optical device

according to the first embodiment when the device is in a maximum voltage ON state;
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[0039] FIG 3 is a schematic cross-sectional view of a portion of an optical device
according to a second embodiment when the device is in a voltage OFF state;

[0040] FIG 4 is a schematic cross-sectional view of a portion of the optical device

according to the second embodiment when the device is in a maximum voltage ON state;

[0041] FIG § is a schematic cross-sectional view of a potion of an electronically

dimmable mirror used with a display;

[0042] FIG 6 is a schematic cross-sectional view of a potion of another example of

an electronically dimmable mirror used with a display.

BEST MODE FOR CARRYING OUT THE INVENTION

[0043] Herein described is an clectronically dimmable optical device having, in
sequence, the following layers: an active (electrically switchable) absorptive polarizer, a
first static (non-switchable) reflective polarizer, an active (electrically switchable)
polarization rotator, and a second static (non-switchable) reflective polarizer. The device is
configured so that the reflectivity of the device can be controlled by application of a

voltage to the active layers.

[0044] In one embodiment, the device is primarily a reflective device and can

additionally include a beam stop.

[0045] In some embodiments, the layers are configured so that the device, when in
an unenergized state, will reflect substantially all incident light (“clear mirror state™), but
when energized, will absorb a portion of incident light, leading to a dimmed reflected
image (“dark mirror state”). In some embodiments, when a maximum voltage is applied,

the device can be made to substantially absorb 100% of incident light.

[0046] Accordingly, in case of a reflective device such as a mirror, with the
application of a fixed or variable voltage, the mirror will have one or more variable
reduced reflectivity states, where it will absorb a variable portion (up to substantially all)

of the x and y direction polarization of the incident light.

[0047] In a transmissive device embodiment (such as a window, visor, helmet,
view finder of a camera, etc.), the device will not include a beam stop, so that a viewer is

able to see though the device.

[0048] It should also be noted that in the transmissive device, the device may be

used in either direction, i.e. the active polarizer layer may be adjacent the entrance surface
8
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of the device or, vice versa, the second passive reflective layer may be adjacent the

entrance surface.

[0049] In a transmissive embodiment, the active polarizer and active polarization
rotator may be constructed so that the device is most transmissive when no voltage is
applied, and is most reflective when a voltage is applied. However, in other embodiments,
the reverse can be the case, so active layers are constructed in a way that makes the device
most transmissive when a voltage is applied and most reflective (has reduced

transmissivity) when no voltage is applied (unenergized state).

[0050] When used as a transmissive device, the application of a fixed or variable

voltage will alter the amount of light that passes through the device to reach a viewer.

[0051] The voltage applied to the dimming device assembly can control the
dimming effect and can be regulated in a manner such that the reflectivity, or
transmissivity, of the device is reduced to suit the prevailing conditions. This can be
accomplished manually or automatically, by using one or more light sensors connected to
an electric control system which react either to the brightness of the surroundings, or the
intensity of the light incident on the front of the device, or both. Thus, the amount of

dimming may be varied either manually, automatically, or both.

[0052] In accordance with a further aspect of the invention, there is provided a
method for reflecting light at variable intensity by application of a voltage to an
electronically dimmable optical device. The method includes the process of directing
incident light toward a device having an active absorptive polarizer at its viewing surface,
followed by a first static (non-switchable) reflective polarizer, an active (electrically
switchable) polarization rotator, and a second static (non-switchable) reflective polarizer
and finally a beam stop, configured such that when the device is in an unenergized state,
substantially all of the light incident on the viewing surface is reflected, but when a
maximum voltage is applied to the active polarizer and the active polarization rotator,
substantially all of the light incident on the viewing surface is absorbed, thus reducing the
intensity of the reflected light. The level of reflectivity of the device can be varied by

applying a variable voltage between a zero voltage and maximum voltage settings.

[0053] In accordance with another aspect of the invention, there is provided a
method for transmitting light at variable intensity by application of a voltage to an

electronically dimmable optical device. The method includes the process of directing
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incident light toward a device having an active absorptive polarizer adjacent a first static
(non-switchable) reflective polarizer, adjacent an active (electrically switchable)
polarization rotator, adjacent a second static (non-switchable) reflective polarizer, and
applying voltage to the device to alter the amount of light transmitted or reflected by the

device.

[0054] In some embodiments of the transmissive method, the configuration of the
layers is such that the method includes directing incident light toward an active absorptive
polarizer layer first, before it passes though the other layers (i.e., the active absorptive
polarizer is adjacent the entrance surface of the device). In other embodiments, the
configuration of layers is such that the method includes directing incident light toward the
second reflective polarizer first, before it passes though the other layers (i.c. the second

reflective polarizer is adjacent the entrance surface of the device).

[0055] In some embodiments, the method includes reducing the transmissivity of
the device by applying a voltage, so that when the device is in an unenergized state, a
portion of the light incident on the entrance surface is transmitted through the device, but
when a maximum voltage is applied to the active polarizer and/or the active polarization
rotator, substantially all of the light incident on the entrance surface is reflected, thus

reducing the intensity of the transmitted light.

[0056] In other embodiments, the method includes increasing the transmissivity of
the device by applying a voltage, so that when the device is in an energized state, a portion
of the light incident on the entrance surface is transmitted through the device, but when no
voltage is applied to the active polarizer and/or the active polarization rotator, substantially
all of the light incident on the entrance surface is reflected, thus reducing the intensity of

the transmitted light.

[0057] The level of transmissivity of the device can be varied by applying a

variable voltage between a zero voltage and maximum voltage settings.

[0058] It should be noted that when the different layers are described as “adjacent”
one another, it is referring to the sequence of layers. Thus, it may be possible for other
layers, films or materials to be interposed between the active polarizer, first passive
reflective polarizer, active polarization rotator and second passive reflective polarizer
layers without disturbing the sequence of their arrangement. For example, an adhesive or

other layer or film may be disposed between the different layers.

10
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[0059] In some embodiments, the method includes the following configuration:
setting an active polarizer to be in a non-absorptive state when not energized, and to
absorb a portion of the x-direction polarization of incident light and transmit the y-
direction polarization when energized by application of a voltage. Setting the first and
second static reflective polarizers to reflect different 90° polarizations of light, such that
the first reflective polarizer will reflect the same direction polarization that the active
polarizer absorbs (i.e. the x-direction polarization) and the second reflective polarizer will
reflect the orthogonally opposite direction polarization of light (i.e. the y-direction
polarization). The method further includes setting the active polarization rotator to have no
effect when non-energized but to rotate the polarization direction of light by up to 90° (i.e.
X to y or y to x) when energized. This configuration will effectively reflect substantially
100% of light incident on a device’s viewing or entrance surface when no voltage is
applied. The level of reflectivity of the device can be varied by applying a variable voltage

between a zero voltage and maximum voltage settings.

[0060] In other embodiments, the method includes the following configuration:
setting the viewing or entrance surface active polarizer to be in a non-absorptive state
when not energized, and to absorb a portion of the x-direction polarization of incident light
and transmit the y-direction polarization when energized by application of a voltage.
Setting the first and second static reflective polarizers to reflect the same x-direction
polarization of light. The method further includes setting the active polarization rotator to
have no effect when energized by a maximum voltage but to rotate the polarization
direction of light by 90° (i.e. x to y or y to x) when in a non-energized state. This
configuration will also effectively reflect substantially 100% of incident light on a
device’s viewing or entrance surface when a maximum voltage is applied. The level of
reflectivity of the device can be varied by applying a variable voltage between a zero

voltage and maximum voltage settings.

[0061] In some embodiments of the reflective device according to the invention,
the device will have the ability to reflect from substantially 100% of incident light (when
V=0 or when the mirror is “clear”) to substantially 0% of the incident light (when Vmax is
applied or when the mirror is “dark™), or any % of light when in a variable in-between
state. Thus the reflectivity swing (or contrast) between the maximum and minimum
reflective states can be set to be more than 50%. This is because the mirror is able to

reflect more than 50% of incident light when it is in its maximum reflectivity state. This

11
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effect is not achievable when a regular polarizer is used with a mirror (as in some prior art
devices) because the polarizer will effectively absorb 50% of incident light, thus always

less than 50% of the incident light will be reflected.

[0062] It is also noteworthy that the present arrangement allows for use of a
display behind the reflective device or mirror. Thus, also contemplated herein is a device
and method which further include allowing a display light emitted from a display device
placed on the back surface of the mirror to be transmitted to the viewing surface of the

mirror.

[0063] In some embodiments, to achieve this effect, a portion of the conductive
layer (such as the ITO, etc.) that is applied to the active polarizer, the active polarization
rotator or both, can be etched away or otherwise removed in such a manner, so that two
regions are present that can operate independently. Therefore, when a voltage is applied to
one region, dimming the mirror’s reflectivity in that region, the display light from the
other region is not affected or dimmed if so desired. Accordingly, in some examples, the
active absorptive polarizer is divided into two or more sections, and the controller sets
each of the sections to a respective polarization level. In some examples, the display area

is smaller than, and occupies a small portion, of the viewing surface of the mirror.

[0064] Alternatively, the mirror can have a display region without the need for
etching of the conductive layer(s). In such an embodiment, the reflectivity of the mirror is
decreased and the display light is transmitted to the viewing surface with the application of
voltage. Accordingly, not only is it possible to use only a portion of the viewing area of
the mirror for display purposes, but it is possible to use the entire viewing area of the

mirror to display an image (see, e.g. Figs. 5-6).

[0065] The display can be tuned so that it can be visible when the mirror is in its
minimum reflective state, when the mirror is in its most reflective state, and/or while the

mirror is in an intermediate reflective state, or any combination of the above.
[0066] Definitions

[0067] Unless specifically defined otherwise herein, the definitions for optical
parameters such as linear, circular and unpolarized light are the same as those in
“Principles of Optics Electromagnetic Theory of Propagation, Interference and
Diffraction of Light”, Max Born, ef al., Cambridge University Press; 7th edition (October
13, 1999). Similarly, all liquid crystal terminology which is not specifically defined

12
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herein is to have the definition as used in Liquid Crystals Applications and Uses, vol.3,
edited by B. Bahadur, published by World Scientific Publishing Co. Pte. Ltd., 1992
(“Bahadur”). |

[0068] An “absorptive polarizer” is a polarizer that will absorb a selected
polarization of light. An absorptive polarizer will have two axes, an absorptive axis and a
transmissive axis, which are at right angles to each other. The polarization of the light that
is parallel to the absorptive axis is absorbed more than the polarization parallel to the

transmissive axis.

[0069] For example, an “absorptive polarizer with an axis in the x-direction”
means that the polarizer will substantially absorb the x-direction polarization of light while
substantially allowing y-polarization to propagate. Vice versa, an absorptive polarizer with
an axis in the y-direction means that the polarizer will substantially selectively absorb y-

polarized light and substantially transmit x-polarized light.

[0070] It should be noted that absorptive circular polarizers exist and are typically
constructed by using a linear polarizer in combination with a quarter wave retarder. Once
light is polarized by the polarizer, the quarter wave plate induces a 7/2 phase retardation

which turns a linear polarization to a circular polarization.

[0071] An “active” polarizer, used interchangeably with an “active absorptive
polarizer”, refers to a polarizer that will alter its absorption of the selected polarization of
light depending on the applied voltage. Thus, when in an unenergized or non-active state,
the polarizer will not preferentially absorb either polarization and will transmit light of

either polarization.

[0072] A controller coupled with the active polarizer controls the polarization: in
one embodiment, the polarizer is operated in an ON or OFF state. In other embodiments,
the polarizer can be set to apply a variable polarization absorption level with the controller
setting a selected polarization level. In some example, the polarization level of the active
absorptive polarizer is selected by controlling the voltage applied to the active absorptive
polarizer. Accordingly, setting the active absorptive polarizer to the selected polarization
level determines the brightness of the image produced by the device. Thus, the device can
further include a controller for application of voltage to the device and the controller is

coupled with the active absorptive polarizer.
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[0073] The reflectivity and/or transmissivity of the devices o can be controlled

automatically, manually, or with a combination of both automatic and manual controls.

[0074] A “reflective polarizer” is a polarizer that will reflect a selected polarization
of light more than the other. For example, a “reflective polarizer with a reflective axis in
the x-direction” means that the reflective polarizer will reflect the x-direction polarization
of incident light more than the other y-direction polarization. Vice versa, a “reflective
polarizer with a reflective axis in the y-direction” means that the reflective polarizer will
reflect the y-direction polarization of incident light more than the other x-direction

polarization

[0075] A “passive” or “static” reflective polarizer will always have the same

reflective properties, whether voltage is applied to the device or not.

[0076] An “active polarization rotator” refers to a device where application of a
voltage to the device alters the polarization direction of two linearly polarized components
of the incoming light by a value between 0 and 90°, changing it so that light exiting the
polarizer rotator is changed from a substantially first direction to a substantially second
direction polarization within a selected wavelength region. Thus, for example, an x-
direction polarized light entering the polarizer rotator will be turned into a y-direction
polarized light before exiting the rotator, and vice versa, a y-direction polarization will be
turned into an x-direction polarized light when a maximum voltage is applied. The fully
activated active polarizer rotator described herein will rotate the polarization direction of

the light by 90°, and as such, acts like a half wave, % A plate.

[0077] As described herein, the active polarization rotator may function in two
ways: in some examples, polarization rotation occurs when the rotator is in the energized
state, in other examples, polarization rotation occurs when the rotator or device is in an

unenergized (non-activated) state.

[0078] A controller coupled with the active polarization rotator alters the amount
of one polarization with respect to the other. In the extreme case, the polarization would be
rotated by a full 90 degrees. However, intermediate states can be achieved by using

voltages which are between the zero and max voltage states.

[0079] The term “viewing surface” refers to the front surface of a mirror and is the
surface closest to the viewer’s eye. In contrast, the “non-viewing” side of a mirror refers to

the back of the mirror.
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[0080] In a transmissive device, the term “entrance surface” refers to the surface of
the device where incident light (e.g. sunlight) enters the device. In the case of a window,

the entrance surface is the outside surface of the mirror.

[0081] The terms “x” and “y” direction polarization are arbitrary and refer to a first
and second orthogonal or circular polarization direction of light which are at right angles
to each other. They are used, instead of stating for example a “first” and a “second”
polarization direction only to simplify the description of the invention do not refer to any

fixed values of direction.

[0082] Conventionally, properties of a light are characterized by its (i) propagation
direction, denoted by the wave vector, K, (ii) wavelength denoted by A, (iii) two
orthogonal polarizations direction, P; and P, , (iv) polarization mode, which can be
unpolarized, circular/elliptical or linear , and (iv) by energy being carried within each

polarization, denoted here by I; and L.

[0083] Generally, the term polarization refers to the oscillation direction of the
electric field of the incident light. The difference between linear, circular and unpolarized
light is in how a unique representation of the polarization is determined. In particular, in
linearly polarized systems, the oscillation occurs in a single axis direction, x or y. In
circularly polarized light, the oscillation rotates in time or space tracing out a circle or
ellipse. In unpolarized light, the oscillation direction cannot be uniquely defined.
Unpolarized light is viewed as a light in which (i) there is an equal amount of both
orthogonal polarizations and (ii) the direction of the polarization at any given time is

random and cannot be defined.

[0084] It is well known that unpolarized light can be identically viewed as
composed of two orthogonal, circularly polarized lights (right- or left- handed) or of two
orthogonal linearly polarized lights (x and y direction). In a rear-view mirror embodiment,
since light from head lamps are typically unpolarized, a dimming mirror should preferably
be capable of reducing the energy in both polarizations. In this application, for descriptive
purposes, light is referred to as polarized in two directions to simplify the explanation of
how the device works. It should be understood, however, that the devices and principles
described herein will apply to all light. “Light” in this application refers to visible light
with a wavelength of about 380-750 nm.
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[0085] As presented herein, the unpolarized light is considered to be composed of
two linear polarizations in an x and a y direction and propagating in a z direction.
Furthermore, it is noted that a reflective polarizer has also two axes, x and y. The
reflective polarizer operates in a manner such that if the polarization axis of the light
matches the axis of the reflective polarizer, then that polarization is predominantly
reflected. If the polarization axis of the light is perpendicular to that of the reflective

polarizer, then that component is predominantly transmitted.

[0086] It is noted that in the case of circular light, the x and y refer to the
handedness of the polarization rather than fixed directions in space. Therefore x, for
example, will denote right circular and y will denote left circular. As in the case of linearly
polarized light, the unpolarized light will be considered to be composed of equal amounts
of left and right circularly polarized amounts. The reflective polarizer, in that case, will
reflect either the right- or the left-circular polarization depending on its configuration and

will transmit the other polarization, left- or right-, respectively.

[0087] The reflective polarizer is considered to be “static” or “passive” in that its

polarizing characteristics cannot be altered by application of a voltage.

[0088] In the devices described herein, a switchable polarizer can be provided by a
using a Guest-Host system: dichroic dye molecules are dissolved in a nematic or chiral
nematic liquid crystal (LC) layer. The dye molecules (Guest) are oriented by the presence
of the LC molecules (Host). Applying an electric field to the layer will re-orient the LC
molecules and the dye molecules will follow this re-orientation. Such a stack will either
absorb light of one polarization or be transparent. Suitable dyes that can be added to liquid
crystal mixtures for this purpose are known in the art. The degree of preferential
absorption of one polarization with respect to the other is dependent on the applied

voltage.

[0089] The absorptive polarizer of the present invention is assumed to be active in
that its polarizing/absorptive properties can be altered by application of an external
electrical field (voltage). Furthermore, this active polarizer is based on a guest-host liquid
crystal system or cell that includes a negative dielectric anisotropy host combined with a
positive dichroic dye in a homeotropically aligned cell. Alternatively, a positive dielectric
anisotropy host can be used with positive dichroic dyes in a plannar aligned cell. For
autodimming reflective devices such as those used in the automobiles, the homeotropic
based system is better suited to provide substantially 100% reflectance in the voltage off
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state. The liquid crystal cell is designed such that application of a voltage results in a
change in transmission of the light through the cell. More specifically, application of a
voltage will preferentially increase the absorption of one polarization more than the other.
The axis of the preferentially absorbed polarization matches the absorptive axis of the

active polarizer.

[0090] The “polarization rotator film” or layer, which rotates the polarization of
incident light as it propagates through the medium, can be a broad band rotator device
such as a twisted nematic (TN)-based device or a more wavelength selective device as
used in electronically controlled birefringence (broadly classified as ECB) -based devices.
This film is assumed to be active in that its performance depends on an applied voltage. It
is well known that for the correct performance, the axis of the polarization rotator will be
at a specific angle relative to the axis of the polarization of the light. For example, in a
broad band device, the axes of the TN are parallel to the polarization axes of the incident
light. The polarization rotator can be designed so that it performs the polarization rotation
when activated by application of an electric field or voltage. This is achieved by, for
example, using negative dielectric anisotropy liquid crystals along with a homeotropic
alignment layer, or vice versa by using a positive dielectric anisotropy liquid crystal and a
planar alignment layer. In general, the application of voltage alters the orientation of the
liquid crystal and hence the overall birefringence of the system. This change can be
positive in the former or negative in the latter. Therefore, for example, in a positive
dielectric anisotropy liquid crystal and a planar alignment layer, application of voltage
reduces the birefringence observed by different polarizations and hence reduces the phase
retardation between the two polarizations. If the birefringence is substantially close to zero
at maximum applied voltage, then no phase retardation is observed and hence no

polarization rotation occurs in the cell.

[0091] The active polarization rotator is defined such that the polarization rotation
occurs in the energized state as PR1 and the active polarization rotator in which the
polarization rotation occurs in the unenergized state as PR2. It is well known in the art that
to achieve proper polarization rotation, the birefringence and the thickness of the layer
must be properly selected as discussed in, for example, Liquid Crystals Applications and
Uses, vol.3, edited by B. Bahadur, published by World Scientific Publishing Co. Pte. Ltd.,
(1992). The choice in use of a TN-type configuration or ECB-type depends on the device
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preference such as color selectivity but will not alter the overall configuration schematic

presented.

[0092] A beam stop layer can be utilized for the reflective embodiments, such as,
e.g. in autodimming mirror applications. This can be any material which has low
reflectance and predominantly absorbs the light that impinges upon it from the other layers
stated above. Its function is to stop additional reflection of any portion of the light
reaching it once it passes the last optical element. Examples of this include tinted paper or

other materials, absorbers, polarizers and the like.

[0093] In some applications, it is desirable to have a dimming mirror that can also
be used for display purposes, where in addition to the reflected image, a displayed image
from a backlight display device is visible to a viewer. Accordingly, another embodiment
of the dimming mirror includes a display device placed on at least a portion of the mirror’s
non-viewing side so that part of the mirror is used as a display (the “display area™) while
the reflective function remains in the remainder part of the mirror (the “reflective area”).
The beam stop layer may, itself, have the additional function of displaying an image, or
may have a polarization dependent performance. In some embodiments, the display area is
smaller than the reflective area. In other embodiments, the display area covers the entire
reflective area. The mirror can be configured so that when the display device is in use, at
least a portion of light emitted from the display is transmitted to the display area portion of

the viewing surface of the mirror.

[0094] In other aspects, the transparent conductor layer(s) may be etched in a
pattern that will allow independent driving of the two or more different regions of the
mirror. In that case, part of the mirror may be in one operational state while the other
sections remain in a different state. The etched pattern can be selected to expose the

display area or an image or writing or alike.

[0095] Some proposed configurations for an electronically dimmable optical
device are presented below. There are several geometries that can be utilized depending on
the performance desired. For the sake of illustration, linearly polarized systems are used
but it should be noted that polarizers and active phase retarders can be used to allow for
circularly or other polarization modes of light to be utilized according to the same

principles.

[0096] EXAMPLE 1:
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[0097] Figures 1 and 2 show a first configuration assembly 10, which is designed
for a dimming system and comprises of the following layers: an active polarizer 12 with
an absorptive axis in the x-direction (when activated) at the viewing surface 13 of the
device, adjacent a static reflective polarizer 14 with a reflective axis in the x-direction,
adjacent an active polarization rotator 16, adjacent a static reflective polarizer 18 with a
reflective axis in the y-direction. It should be noted that the active polarizer and the active

polarization rotator may be independently operated.

[0098] Fig. 1 and Table 1 show the device functioning in an OFF (V=0 or voltage-
off) state. Unpolarized light 30 with both x and y polarizations is incident on the first
active absorptive polarizer 12 oriented in the x-direction. With no voltage applied, the
active absorptive polarizer 12 will have minimal effect on the incident polarizations.
Therefore, both polarizations will predominantly pass through to the next surface. The
light then impinges on the 1st static reflective polarized 14 oriented in the x-direction. The
reflective polarizer 14 predominantly reflects the x-axis polarization of the light and
predominantly transmits the y-direction polarization. The x-direction polarized light goes
back through the active polarizer 12 unaltered and leaves the device. Therefore,
approximately 50% of the incident unpolarized light is reflected within the first two layers.
The y-direction polarized light that passed the first reflective polarizer 14 impinges on the
active “polarizer rotator” or PR 1 (16). As stated before, PR1 (16) does not alter
polarization when in an unenergized state. Therefore the y-direction polarized light
continues to the second static reflective polarizer 18. This polarizer is oriented in the y-
direction and as such it will reflect the y-polarized light back. This reflected light goes
through the polarizer rotator 16 again unaffected and continues to static reflective
polarizer 14, which is oriented in the x-direction. Again, the y-direction polarized light is
transmitted back through the static reflector 14. Since the active polarizer 12 is in an
unenergized state, the y-direction polarized light continues through that layer and leaves
the device. This means that the remaining 50% of the incident light is also reflected but
after it traverses to the second reflective polarizer 18. Overall, both the x-direction and the

y-direction polarized lights are predominantly reflected in the voltage-off state (close to
100% reflection).

[0099] Fig. 2 and Table 2 show device functioning in a Maximum Voltage (Vmax
or V=1) state. Unpolarized incident light with both x and y polarization is incident on the

first active absorptive polarizer 12 oriented in the x-direction. When a voltage is applied,
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the active absorptive polarizer 12 will behave in a manner similar to a conventional
polarizer. Therefore, it will absorb x-direction polarization while allowing y-polarization
to propagate. The first static reflective polarizer 14 will reflect any x-direction
polarization. Therefore, x-polarization of the light 30 is predominantly extinguished. The
y-direction polarization will be transmitted predominantly by both the first active polarizer
12 as well as the first static reflective polarizer 14. It then impinges on an activated
polarization rotator 16. The polarization rotator 16 will rotate the propagating y-direction
polarization to an x-direction polarization light. This x-direction polarized light then
impinges on the second static reflective polarizer 18 which is set in the y-direction and
therefore transmits x-direction polarized light. As such, the resultant x-direction

polarization light is predominantly propagated through.

[00100] In a reflective (e.g. mirror) application, a beam block 20 can be used to
extinguish this transmitted light. Therefore, both the x-direction and the y-direction
polarization lights are predominantly absorbed and no light, or only a minimal amount of

light, is reflected back from the device.

[00101] In a transmissive application, approximately 50% of light is transmitted
through.
[00102] If a voltage lower than the Vmax is used on either the active polarizer 12 or

the polarization rotator 16, a portion of light is reflected depending on the voltage applied.
As such the device can have a variable reflectance (in the case of a reflective device) or a

variable transmittance (in the case of a transmissive device).

[00103] Many types of polarizer rotator 16 may be used. For example, either a TN-
type or an ECB-type rotator can be used in the assembly 10. If an ECB-type rotator is used
instead of the TN-type polarization rotator, a portion of the y-axis polarization light is
reflected. The portion depends on the wavelength since complete polarization rotation will
not occur across the entire visible spectrum. As such, there may be a hue to the reflection
observed from such a dimming device. As before, application of a voltage lower than the
max to the active polarizer 12 or the polarization rotator 16 can alter either the intensity or

shift the color to a different region of the spectrum.

[00104] Tablel: Device in its inactive, maximum reflectivity state (V=0)

20



WO 2013/116460 PCT/US2013/024044

Active First Active Second Beam Stop
Polarizer Reflective Polarization Reflective
Polarizer rotator Polarizer
No effect Reflect X No effect Transmit X Absorbs all
Transmit Y Reflect Y light
Transmits both | Reflects X Transmits both | Reflects Y
polarizations polarizations
[00105] Table2: Device in its active, minimum reflectivity state (Vmax)
Active First Active Second Beam Stop
Polarizer Reflective Polarization Reflective
Polarizer rotator Polarizer
Absorbs X Reflect X Rotates 90° Transmit X Absorbs all
Transmits Y Transmit Y X2Y,Y> X | Reflect Y light
Extinguishes X Y>X Transmits X Extinguishes
X
[00106] EXAMPLE 2
[00107] In another embodiment, shown in Figures 3 and 4, a second configuration

designed for a dimming system is shown. The system 50 includes: an active polarizer 52
with absorptive axis in the x-direction when activated, adjacent a first static reflective
polarizer 54 with a reflective axis in the x-direction, adjacent an active polarization rotator
56, followed by a second static reflective polarizer 58 with reflective axis in the x-
direction. It should be noted that the active polarizer 52 and the active polarization rotator

56 may be independently operated.

[00108] Fig. 3 and Table 3 show the device functioning in an OFF (v-0 or the
voltage off) state. Unpolarized light 30 with both x and y polarization is incident on the
first (active absorptive polarizer) oriented in the x-direction. With no voltage applied, the

active absorptive polarizer 52 will have minimal effect on the incident polarizations.
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Therefore, both polarizations will predominantly pass through to the next surface. The
light then impinges on the 1% static reflective polarizer 54 oriented in the x-direction. The
reflective polarizer 54 predominantly reflects x-axis polarization of the light and
predominantly transmits the y-direction polarization. The x-direction polarized light goes
back through the active polarizer 52 unaltered and leaves the device. Therefore,
approximately 50% of the unpolarized light is reflected within the first two layers. The y-
direction polarized light passes through the first reflective polarizer and impinges on the
active polarization rotator 56. When no voltage is applied, the polarization rotator (PR2)
56 alters the polarization. Therefore the y-direction is now oriented to x-direction
polarized light and continues to the second static reflective polarizer 58. The second
reflective polarizer 58 is oriented in the x-direction and as such it will reflect the x-
polarized light back. This light goes through the polarization rotator 56 and is again altered
to Y direction. The y direction light continues to the first static reflector 54, which is
oriented in the x-direction and will transmit the y-direction polarized light. Since the
active polarizer 52 is in an OFF state, the y-direction polarized light continues though that
layer and leaves the device. This means that the remaining 50% of the light is also
reflected but after it traverses to the second reflective polarizer 58. Overall, both the x-
direction and the y-direction polarized lights are predominantly reflected in the voltage off

state.

[00109] Fig. 4 and Table 4 show the device 50 functioning in a Maximum Voltage
(Vmax or V=1) minimum reflectivity state. Unpolarized light with both x and vy
polarization is incident on the active absorptive polarizer 52 oriented in the x-direction.
With a voltage applied, the active absorptive polarizer 52 will behave in a manner similar
to a conventional polarizer, which means it will absorb x-direction polarization while
allowing y-polarization to propagate. Therefore, x-polarization of the light is
predominantly extinguished. The y-direction polarization will be transmitted
predominantly by both the first active polarizer 52 as well as the first static reflective
polarizer 54. It then impinges on an activated polarization rotator 56. The polarization
rotator in its active state will not rotate the polarization and so the y-direction polarization
light will pass through unaffected. This y-direction polarized light then impinges on the
second static reflective polarizer 58 which is set in the x-direction. As such, the y-direction

polarization light will pass thorough.
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[00110]

extinguish this transmitted light. Therefore, both the x-direction and the y-direction

In a reflective (e.g. mirror) application, a beam block 20 can be used to

polarization lights are predominantly absorbed and no light, or only a minimal amount of

light, is reflected back from the device.

[00111] In a transmissive application, approximately 50% of light is transmitted
through. '
[00112] If a voltage lower than the Vmax is used on either the active polarizer 12 or

the polarization rotator 16, a portion of light is reflected. As such the device can have a

variable reflectance (in the case of a reflective device) or a variable transmittance (in the

case of a transmissive device).

[00113] Table 3: Device in its inactive, maximum reflectivity state (V=0)
Active First Active Second Beam Stop
Polarizer Reflective Polarization Reflective
Polarizer rotator Polarizer
No effect Reflect X Rotates 90° Reflect X Absorbs  all
Transmit Y X2Y,Y> X | TransmitY light
Transmits both | Reflects X Y—>X Reflects X
polarizations Y €X
[00114] Table 4: Device in its active, minimum reflectivity state (Vmax)
Active First Active Second Beam Stop
Polarizer Reflective Polarization Reflective
Polarizer rotator Polarizer
Absorbs X Reflect X No effect Reflect X Absorbs all
Transmits Y Transmit Y Transmit Y light
Extinguishes X | Transmits Y Transmits Y Transmits Y Extinguishes
Y
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[00115] EXAMPLE 3

[00116] Fig. 5 shows a configuration of a mirror device corresponding to the that
shown in Example 1 but with the addition of a display device on the non-viewing side of

the mirror.

[00117] Fig. 5 shows how when a maximum voltage is applied (Vmax), the x-
direction polarized light emitted from the display device 100 will be transmitted through
the second static reflective polarizer 18 to the polarization rotator 16, which will rotate the
polarization direction of the light to a y-direction. This y-direction light will then pass
through the first static reflective polarizer 14 and the active polarizer 12 largely

unaffected, to emerge through to the viewing surfacel3 of the mirror 10.

[00118] In this configuration, the display light has the same polarization as the

polarization axis of the absorptive polarizer.
[00119] EXAMPLE 4

[00120] Fig. 6 shows a configuration of a mirror corresponding to the that shown in

Example 2 but with the addition of a display device on the non-viewing side of the mirror.

[00121] Fig. 6 shows how when a maximum voltage is applied (Vmax), the y-
direction polarized light emitted from the display device 200 will be transmitted through
the second static reflective polarizer 58 to the polarization rotator 56, which will not affect
the polarization direction of the light. This y-direction light will then pass through the first
static reflective polarizer 54 and the active polarizer 52 largely unaffected, to emerge

through to the viewing surface 53 of the mirror 50.

[00122] In this configuration, the display light has a polarization at right angles to

the polarization axis of the absorptive polarizer.

[00123] It is noted that the dimmable mirror presently described can be used with
various types of optical devices where attenuation of the reflectivity of the mirror is
desired. Examples include general purpose mirror, vehicle (automotive) mirror, aircraft
mirror, marine vehicle mirror, spacecraft mirror (e.g., rear-view mirror or side-view
mirror), spectacles, binoculars, periscope, reflex camera, telescope, microscope, camera
viewer (for locating an object before taking the picture of the object), view finder (for
viewing an object while making a video recording of the object), and the like. It can also

be used to block images or displays in applications such as mobile phone, LCDs, monitors,

bill boards and the like.
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[00124] Although the description above contains many specificities, and reference
to one or more individual embodiments, these should not be construed as limiting the
scope of the invention but rather construed as merely providing illustrations of certain
exemplary embodiments of this invention. There are various possibilities for
implementation of different materials and in different configurations and those skilled in
the art could make numerous alterations to the disclosed embodiments without departing

from the spirit or scope of this invention.
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CLAIMS

What is claimed is:

1. An electronically dimmable optical device, comprising:
a. an active absorbing polarizer; .
b. a first static reflective polarizer;
c. an active polarization rotator; and
d. asecond static reflective polarizer;

configured so that the reflectivity and/or transmissivity of said device can be
controlled (increased or decreased) by application of a voltage across the active absorbing

polarizer and the active polarization rotator.

2. The optical device of claim 1, wherein the device further comprises a beam stop

adjacent the second static reflective polarizer to absorb any light that reaches it.

3. The optical device of claim 1, wherein

a. the active absorbing polarizer has an absorptive axis in an x-direction when

activated by application of a voltage,
b. the first static reflective polarizer has a reflective axis in the x-direction,

c. the active polarization rotator rotates the polarization axis of incident light by

90° when activated by application of a voltage ,
d. the second static reflective polarizer has a reflective axis in a y-direction,

so that upon application of the voltage, the reflectivity of the optical device is

reduced.

4. The optical device of claim 1, wherein

a. the active absorbing polarizer has an absorptive axis in an x-direction when

activated,

b. the first and second static reflective polarizers have a reflective axis in the x-
direction,
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c. the active polarization rotator rotates the polarization axis of incident light by

90° when in a non-activated state i

so that upon application of the voltage, the reflectivity of the optical device is

reduced.

5. The optical device of claim 1, wherein the device is a dimmable mirror that reflects a

selective wavelength of visible spectrum.

6. The optical device of claim 1, wherein the device is a dimmable mirror that absorbs a

selective wavelength of the visible spectrum.

7. The optical device of claim 1, wherein the device is a transmissive device that has

minimum transmissivity when the device is not activated by application of a voltage.

8. The optical device of claim 1, wherein the device is a transmissive device that has
minimum transmissivity when a maximum voltage is applied across the active absorbing

polarizer and/or the active polarization rotator.
9. The optical device of claim 1, wherein the reflectivity/transmissivity of the device is

controlled automatically, manually, or with a combination of both automatic and manual

controls.

10. The optical device of claim 1, wherein the device reflects more than 50% of incident

light when it is in its maximum reflectivity state.

11. The optical device of claim 1, wherein the swing (or contrast) between its maximum

and minimum reflective states is more than 50%.

12. The optical device of claim 1, wherein the device reflects less than 20% of incident

light when it is in its minimum reflectivity state.
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13. The optical device of claim 1, wherein a selected polarization level is selected by
controlling the voltage at said active absorptive polarizer and wherein setting said active
absorptive polarizer to said selected polarization level determines the brightness of an

image produced by said device.

14. The optical device of claim 1, further comprising a controller, controlling said active

absorptive polarizer,
wherein said controller is coupled with said active absorptive polarizer,
wherein said active absorptive polarizer is divided into two or more sections, and

wherein said controller sets each of said sections to a respective polarization level.

15. The optical device of claim 1, further comprising at least one light detector coupled
with a controller, wherein said at least one light detector provides at least one light-
intensity value, wherein said controller sets said active absorptive polarizer to a selected

polarization level according to said at least one light-intensity value.

16. The optical device of claim 1, wherein the device further comprises a display placed
on the non-viewing side of the optical device and wherein at least a portion of light

emitted from the display is transmitted to a viewing surface of the optical device.

17. The optical device of any of claims 1-16 for use as a rearview or side-view mirror of a

vehicle.

18. A method of reducing light reflected from an optical device, said method comprising
using the optical device of claim 1 and applying a voltage to said optical device to alter the

reflectivity of the optical device.

19. The method of claim 18, wherein the method comprises:

setting the active polarizer to be in a non-absorptive state when not energized, and to
absorb an x-direction polarization of incident light and transmit a y-direction polarization

when energized by application of a voltage,
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setting the first reflective polarizer to reflect the same x-direction polarization that the

active polarizer absorbs,

setting the second reflective polarizer to reflect the orthogonally opposite y-direction

polarization of light,

setting the active polarization rotator to have no effect when non-energized and to

rotate the polarization direction of light by 90° when energized by a maximum voltage.

20. The method of claim 18, comprising:

setting a viewing surface active polarizer to be in a non-absorptive state when not
energized, and to absorb an x-direction polarization of incident light and transmit a y-

direction polarization when energized by application of voltage,

setting the first and second static reflective polarizers to reflect said x-direction

polarization of light,

setting the active polarization rotator to have no effect when energized by a maximum

voltage but to rotate the polarization direction of light by 90° when in a non-energized

State.

21. A method for reflecting light at variable intensity by application of a variable voltage

to a device, said method comprising:

directing incident light toward a viewing surface of a device having an active
absorptive polarizer at its viewing surface, followed by a first static (non-switchable)
reflective polarizer, an active (electrically switchable) polarization rotator, and a second

static (non-switchable) reflective polarizer,

configured such that the device has maximum reflectivity when the device is in an

unenergized state,

and the device has minimum reflectivity when the device is activated by a maximum

voltage applied to the active polarizer and/or the active polarization rotator.

22. A method for reflecting light at variable intensity by application of a variable voltage

to a device, said method comprising:
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directing incident light toward a viewing surface of a device having an active
absorptive polarizer at its viewing surface, followed by a first static (non-switchable)
reflective polarizer, an active (electrically switchable) polarization rotator, and a second

static (non-switchable) reflective polarizer,

configured such that the device has minimum reflectivity when the device is in an

unenergized state,

and the device has maximum reflectivity when the device is activated by a maximum

voltage applied to the active polarizer and/or the active polarization rotator.
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