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(57) ABSTRACT

A dynamic optical grating device and associated method for
modulating light is provided that is capable of controlling the
spectral properties and propagation of light without moving
mechanical components by the use of a dynamic electric
and/or magnetic field. By changing the electric field and/or
magnetic field, the index of refraction, the extinction coeffi-
cient, the transmittivity, and the reflectivity of the optical
grating device may be controlled in order to control the spec-
tral properties of the light reflected or transmitted by the
device.

9 Claims, 6 Drawing Sheets
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DYNAMIC OPTICAL GRATING DEVICE AND
ASSOCIATED METHOD FOR MODULATING
LIGHT

ORIGIN OF THE INVENTION

This invention was made in part by employees of the
United States Government and may be manufactured and
used by or for the Government of the United States of
America for governmental purposes without the payment of
any royalties thereon or therefor.

FIELD OF THE INVENTION

The present invention generally relates to optical devices
and, more particularly, relates to optical grating devices.

BACKGROUND OF THE INVENTION

A grating (sometimes termed a diffraction grating) is a
light-modulating optical component with a surface covered
by a regular pattern of parallel lines, typically with a distance
between the lines comparable to the wavelength of light.
Gratings are commonly used in spectrum analyzers, diffrac-
tometers, spectrometers, and optical beam steering devices
for display units. Light rays that pass through such a surface
are bent as a result of diffraction, related to the wave proper-
ties of light. This diffraction angle depends on the wavelength
of the light. Alternatively, the grating may have a regular
pattern of fixed mirrors (or other highly reflective surface)
such that the reflected light is diffracted as desired. One
drawback of such fixed gratings is that their spectral proper-
ties cannot be changed (i.e., such gratings are non-dynamic).

Microclectromechanical systems (MEMS) grating devices
exist that are able to dynamically control the spectral proper-
ties. Such a device consists of a number of aluminium-coated
ribbons suspended over a thin air gap. Each ribbon can be
pulled down a controlled distance into the air gap by means of
an electrostatic charge. When all the ribbons in a pixel are in
their rest state, their aluminum coatings act as a mirror,
reflecting light away from the projector’s optical path. If
alternate ribbons in a pixel are pulled down, a square-well
diffraction grating is formed in which each well has a depth
equal to a fraction of the wavelength of light. Light waves
reflecting off adjacent “up” and “down” ribbons are therefore
out of phase with each other, different wavelengths by difter-
ing amounts. This causes the waves to interact in a way which
causes each frequency of light to radiate from the pixel at a
different angle. By varying the width, separation and degree
of pull-down of the ribbons in each pixel, the spectral prop-
erties of the light can be controlled. While such MEMS grat-
ings are dynamic, the speed with which the spectral properties
can be changed is limited by the weight, spring constant, and
driving forces of the components. Further, having such mov-
ing mechanical parts can result in deterioration of the moving
parts due to friction and stress.

As such, it would be desirable to have an optical grating
device capable of dynamically and rapidly changing the spec-
tral properties of reflected or transmitted light, without mov-
ing parts.

BRIEF SUMMARY OF THE INVENTION

The object of the present invention is to overcome the
aforementioned drawbacks of current optical gratings and to
provide a dynamic optical grating device and associated
method for modulating light capable of controlling the spec-
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tral properties and propagation of light without moving
mechanical components by the use of a dynamic electric
and/or magnetic field. By changing the electric field and/or
magnetic field, the index of refraction, the extinction coeffi-
cient, the transmittivity, and the reflectivity of the optical
grating device may be controlled in order to control the spec-
tral properties of the light reflected or transmitted by the
device.

In one embodiment of the invention, a dynamic optical
grating device comprises an array of pixels and electrical
circuitry configured to apply a desired electric or magnetic
field to the pixels. Each pixel comprises an active media
material configured to change at least one optical property
upon application of an electric or magnetic field. The active
media material may be selected from the group consisting of
intrinsic semiconductor, extrinsic semiconductor, ceramic,
organic molecules, non-linear optical crystal, liquid crystal,
ferroelectric material, and piezoelectric material. The optical
property may be selected from the group consisting of index
of refraction, extinction coefficient, transmittivity, and reflec-
tivity.

The grating device may further comprise a substrate sup-
porting the pixel array, the substrate comprising a reflective
material or a transparent material. The grating device may
further comprise an opaque material defining a domain of
each pixel. The opaque material may comprise a singular
grid-like structure. Alternatively, for example, the opaque
material may comprise first and second pluralities of substan-
tially parallel structures, the first plurality being substantially
perpendicular to the second plurality.

The electrical circuitry may comprise first and second plu-
ralities of substantially parallel conductive electrodes, each
plurality on an opposite side of the pixel array, the first plu-
rality being substantially perpendicular to the second plural-
ity. Each electrode of the first plurality may be configured to
apply a voltage to a different column of pixels and each
electrode of the second plurality may be configured to apply
a voltage to a different row of pixels, such that one electrode
of'the first plurality and one electrode of the second plurality
together apply a desired voltage to one pixel. The electrical
circuitry may further comprise first and second pluralities of
semiconductor elements located between the active media
material and the first and second pluralities of electrodes,
respectively.

In an alternative embodiment of the invention, a dynamic
optical grating device comprises an active media material
layer configured to change at least one optical property upon
application of an electric or magnetic field, and first and
second field injection layers on opposite sides of the active
media layer configured to apply a desired electric or magnetic
field to the active media material layer. The active media
material layer may be selected from the group consisting of
intrinsic semiconductor, extrinsic semiconductor, ceramic,
organic molecules, non-linear optical crystal, liquid crystal,
ferroelectric material, and piezoelectric material.

The grating device may further comprise a substrate layer
supporting the active media material layer and the first and
second field injection layers, the substrate comprising a
reflective material or a transparent material. The grating
device may further comprise an opaque layer defining a plu-
rality of apertures.

The first and second field injection layers may comprise,
respectively, first and second transparent conductive elec-
trodes, the first electrode being configured to apply a first
voltage and the second electrode being configured to apply a
second voltage such that the first and second electrodes
together apply a desired voltage to the active media material
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layer. The first and second field injection layers may further
comprise first and second semiconductor layers located
between the active media material and the first and second
electrodes, respectively.

In addition to the dynamic optical grating device as
described above, other aspects of the present invention are
directed to corresponding methods for modulating light via a
dynamic optical grating device.

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus described the invention in general terms, ref-
erence will now be made to the accompanying drawings,
which are not necessarily drawn to scale, and wherein:

FIG. 1 is a cross-sectional view of one pixel and associated
elements of a dynamic optical grating device, in accordance
with one embodiment of the invention;

FIG. 2 is a cross-sectional view of one pixel and associated
elements of a dynamic optical grating device, in accordance
with an alternative embodiment of the invention;

FIG. 3A is a perspective view of a dynamic optical grating
device, in accordance with one embodiment of the invention;

FIG. 3B is an exploded view of the dynamic optical grating
device of FIG. 3A;

FIG. 4A is a perspective view of a dynamic optical grating
device, in accordance with an alternate embodiment of the
invention;

FIG. 4B is an exploded view of the dynamic optical grating
device of FIG. 4A,;

FIG. 5A is a perspective view of a dynamic optical grating
device, in accordance with an alternate embodiment of the
invention;

FIG. 5B is an exploded view of the dynamic optical grating
device of FIG. 5A;

FIG. 6 is a cross-sectional view of a portion of the dynamic
optical grating device of FIG. 3 A with a transparent substrate,
illustrating the modulation of light through the pixels;

FIG. 7 is a cross-sectional view of a portion of the dynamic
optical grating device of FIG. 3A with a reflective substrate,
illustrating the modulation of light through the pixels; and

FIG. 8 illustrates the propagation of light by media having
different indices of refraction.

DETAILED DESCRIPTION OF THE INVENTION

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements through-
out.

A dynamic optical grating device of the present invention
may comprise a single unit or pixel, or an array of pixels. FIG.
1 illustrates a cross-sectional view of one pixel 10 and asso-
ciated elements of a dynamic optical grating device, in accor-
dance with one embodiment of the invention. Each pixel
comprises an active media material layer 12. One or more
optical properties of the active media layer (e.g., index of
refraction, extinction coefficient, transmittivity, and/or
reflectivity) change upon application of an electric or mag-
netic field to the active media material layer. By changing the
optical property(ies) of the active media layer, the spectral
properties and propagation of light passing through the pixel
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can be controlled (modulated). The active media material
may be selected from the group consisting of intrinsic (pure or
undoped) semiconductor, extrinsic (lightly or moderately
doped) semiconductor, ceramic, organic molecules, non-lin-
ear optical crystal, liquid crystal, ferroelectric material, and
piezoelectric material. This device can function as a single
pixel or in the form of a pixel array to make constructive or
destructive interference. In the array device, the phase and the
intensity of light from each pixel is controlled by the applied
electric field and/or magnetic field.

Each pixel further comprises a light blocking layer 17, in
which an array of very small apertures 19 are defined to allow
photons to pass through to the structure below. The light
blocking layer 17 can be made of thin films, including but not
limited to metal, semiconductor, and/or dielectric films. The
size of the apertures is typically less than one quarter of a
wavelength of a light wave expected to impinge upon the
device. A quantum plasmon interaction in the thin metallic
film can be also used to control the spectral properties of the
transmitted light.

Associated with each pixel is electrical circuitry config-
ured to apply a desired electric or magnetic field to the pixels,
thereby changing one or more optical properties of the light
passing through the pixels. In the embodiment of FIG. 1, the
electrical circuitry comprises a first transparent electrode 14
and a second transparent electrode 16 on opposite sides of the
active media layer. The transparent electrodes may be generi-
cally termed “field injection layers.” The first electrode is
configured to apply a first voltage and the second electrode is
configured to apply a second voltage, such that the first and
second electrodes together apply a desired voltage difference
to the active media material layer in order to apply an electric
field and/or to flow an electric current. The additional cir-
cuitry needed to enable and control the voltage applied by the
electrodes is known to those skilled in the art and is not
illustrated.

The first field injection layer may comprise thin conductive
films that can transmit light and apply an electric field to the
semiconductor layers (discussed below) and/or to the active
media layer, including but not limited to indium tin oxide
(ITO), thin metal film, and p-glass silicon. The second field
injection layer may comprise thin conductive films that can
transmit and/or reflect light and apply an electric field to the
semiconductor layers and/or to the active media layer, includ-
ing but not limited to indium tin oxide (ITO), thin metal film,
and n/p-doped semiconductor.

The pixel and associated electrical circuitry may be sup-
ported by a substrate 18, which may comprise either a reflec-
tive material or a transparent material. The transparent or
reflective layer, and/or substrate, supports the above layers in
the epitaxial growth (i.e., during production of the device) and
gives an optical function to reflect the light or transmit the
light. If the substrate is transparent, light coming through the
pixel from the top (“top” and “bottom” are used for descrip-
tive purposes only and are not intended to be limiting) will be
modulated and exit the bottom of the pixel. If the substrate is
reflective, light coming through the pixel from the top will be
modulated, reflected, modulated again, and exit the top of the
pixel. If it is necessary or desirable, the second field injection
layer can be merged with the substrate into one single layer.

FIG. 2 illustrates a cross-sectional view of one pixel 20 and
associated elements of a dynamic optical grating device, in
accordance with an alternative embodiment of the invention.
The pixel of FIG. 2 is similar to that of FIG. 1, but with
additional layers. The pixel of FIG. 2 has a first semiconduc-
tor layer 22 between the first field injection layer 14 and the
active media layer 12, and a second semiconductor layer 24
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between the active media layer 12 and the second field injec-
tion layer 16. The semiconductor layers cause increased light
modulation. The first semiconductor layer may be an n-type
semiconductor and the second semiconductor layer may be a
p-type semiconductor. Alternatively, for example, the first
semiconductor layer may be a p-type semiconductor and the
second semiconductor layer may be an n-type semiconductor.
However, the two semiconductor layers cannot both be p-type
or both be n-type.

Embodiments of the invention are not limited to the layers/
structures described above, and some layers/structures can be
added or removed as desired to enhance the electric and
magnetic control over the spectral distribution of the trans-
mitted light.

As mentioned above, the present invention can function as
a single pixel or in the form of a pixel array. Referring now to
FIGS. 3A and 3B, perspective and exploded views of a
dynamic optical grating device are illustrated, in accordance
with one embodiment of the invention. The device of FIGS.
3 A and 3B have a similar layer structure as that of FIG. 1 (or,
alternatively, for example, could have a similar layer structure
as that of FIG. 2), but further comprises an opaque material
that defines a domain (i.e., physical boundary) of each pixel
thereby creating a 4x6 array of pixels. The device 30 of FIGS.
3A and 3B comprises a plurality of substantially parallel,
relatively long, active media elements 32 interspersed
between a first plurality of substantially parallel opaque ele-
ments 37. The device further comprises electrical circuitry for
applying a voltage to the active media elements, the electrical
circuitry comprising a first plurality of substantially parallel
conductive electrodes 34 and a second plurality of substan-
tially parallel conductive electrodes 36. Each plurality of
conductive electrodes is on an opposite side of the active
media elements. The first plurality of electrodes is substan-
tially perpendicular to the second plurality. Each electrode of
the first plurality of electrodes is substantially parallel to and
adjacent a corresponding active media element. The elec-
trodes of the second plurality of electrodes are interspersed
with a second plurality of substantially parallel opaque ele-
ments 39. The second plurality of electrodes is substantially
perpendicular to the active media elements. The first and
second pluralities of opaque elements form a grid-like pattern
(as viewed from the top or bottom of the device) and thus
together define the pixel domains. By controlling the voltage
applied to each of the first and second pluralities of elec-
trodes, the combined voltage applied at each pixel can be
controlled and the light modulation through each pixel can be
controlled. Each electrode of the first plurality is configured
to apply a voltage to a different column of pixels in the array
and each electrode of the second plurality is configured to
apply a voltage to a different row of pixels in the array, such
that one electrode of the first plurality and one electrode of the
second plurality together apply a desired voltage to one pixel.
The electrodes, active media elements, and opaque elements
all reside on a substrate 38 which may be transparent or
reflective.

Referring now to FIGS. 4A and 4B, perspective and
exploded views of a dynamic optical grating device are illus-
trated, in accordance with an alternative embodiment of the
invention. The device of FIGS. 4A and 4B have a similar layer
structure as that of FIG. 1 (or, alternatively, could have a
similar layer structure as that of FIG. 2), but further comprises
an opaque material that defines a domain (i.e., physical
boundary) of each pixel thereby creating a 4x6 array of pixels.
The device 40 of FIGS. 4A and 4B comprises a plurality of
active media elements 42 arranged in a matrix of rows and
columns, interspersed between a grid-like opaque element
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47. The device further comprises electrical circuitry for
applying a voltage to the active media elements, the electrical
circuitry comprising a first plurality of substantially parallel
conductive electrodes 44 and a second plurality of substan-
tially parallel conductive electrodes 46. Each plurality of
conductive electrodes is on an opposite side of the active
media elements. The first plurality of electrodes is substan-
tially perpendicular to the second plurality. Each electrode of
the first plurality of electrodes is substantially parallel to and
adjacent a corresponding column of active media elements.
Each electrode of the second plurality of electrodes is sub-
stantially parallel to and adjacent a corresponding row of
active media elements. By controlling the voltage applied to
each of the first and second pluralities of electrodes, the
combined voltage applied at each pixel can be controlled and
the light modulation through each pixel can be controlled.
The electrodes, active media elements, and opaque elements
all reside on a substrate 48 which may be transparent or
reflective.

Referring now to FIGS. 5A and 5B, perspective and
exploded views of a dynamic optical grating device are illus-
trated, in accordance with another alternative embodiment of
the invention. The device of FIGS. 5A and 5B have a similar
layer structure as that of FIG. 1 (or, alternatively, for example,
could have a similar layer structure as that of FIG. 2), but
further comprises opaque material that defines a domain (i.e.,
physical boundary) of each pixel thereby creating a 4x6 array
of pixels The device 50 of FIGS. 5A and 5B comprises a
single active media element 52. The device further comprises
electrical circuitry for applying a voltage to the active media
elements, the electrical circuitry comprising a first plurality of
substantially parallel conductive electrodes 54 and a second
plurality of substantially parallel conductive electrodes 56.
Each plurality of conductive electrodes is on an opposite side
of the active media element 52. The first plurality of elec-
trodes is substantially perpendicular to the second plurality.
The electrodes of the first plurality of electrodes are inter-
spersed with a first plurality of substantially parallel opaque
elements 53. The electrodes of the second plurality of elec-
trodes are interspersed with a second plurality of substantially
parallel opaque elements 57. The first and second pluralities
of opaque elements form a grid-like pattern (as viewed from
the top or bottom of the device) and thus together define the
pixel domains. By controlling the voltage applied to each of
the first and second pluralities of electrodes, the combined
voltage applied at each pixel can be controlled and the light
modulation through each pixel can be controlled. Each elec-
trode of the first plurality is configured to apply a voltage to a
different column of pixels in the array and each electrode of
the second plurality is configured to apply a voltage to a
different row of pixels in the array, such that one electrode of
the first plurality and one electrode of the second plurality
together apply a desired voltage to one pixel. The electrodes,
active media elements, and opaque elements all reside on a
substrate 58 which may be transparent or reflective.

The quantity and configuration of active media elements,
opaque elements, and conductive electrodes in FIGS. 3A, 3B,
4A, 4B, 5A, and 5B is illustrative of three possible embodi-
ments of the invention and is not intended to be limiting. The
light blocking layer and associated defined apertures are not
illustrated in FIGS. 3A, 3B, 4A, 4B, 5A, and 5B for clarity. In
the array devices (such as those illustrated in FIGS. 3A, 3B,
4a, 4B, 5A, and 5B), each pixel or cell can be directly con-
nected to the upper and lower conductive electrodes or can
have a state selection circuit which holds the state during a
short refresh time or permanently. For example, each cell can
have a capacitor which holds the electric charge and voltage
during a certain time. The stored charge acts upon each cell
while the upper and lower conductors choose another cell and
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program the cell’s state to a different value. The methods to
program each cell’s state include but are not limited to: (1) a
capacitor based charge and voltage storage circuit; (2) tran-
sistor-based bi-state or multiple-state output circuit; or (3)
switching circuit into different voltage or current lines.

Referring now to FIG. 6, a cross-sectional view of a portion
of the dynamic optical grating device of FIG. 3A (along the
line indicated by the arrows in FIG. 3A) with a transparent
substrate 38 is shown, illustrating the modulation of light
through five pixels 32. As shown in FIG. 6, incoming light
enters the pixels from the top. By controlling the electric or
magnetic field applied to the pixels (via conductive electrodes
34,36), the optical properties of each pixel may be controlled.
Each cell may have a different applied electric field and/or
magnetic field. As a result, each cell may have a different
index of refraction (indicated as n,-ns) and extinction coeffi-
cient. Thus the phase and intensity of the transmitted or
reflected light is changed, based on the applied electric field
and/or magnetic field. More importantly, the phase of the light
from each cell is controlled by the electric signal. Because of
the electrically controlled optical phase, the collective lights
from all cells can form constructive or destructive interfer-
ence on certain target points (on the opposite side of the
device from the light source) designated by the electric sig-
nals on the array device. This electrically controlled interfer-
ence of the light gives the capability to control the spectral
properties of the light, including intensity distribution, wave-
length and optical energy selection, and light propagation
direction, all without the disadvantages of mechanically mov-
ing geometric structures to control the optical phase of the
light.

gReferring now to FIG. 7, a cross-sectional view of a portion

of the dynamic optical grating device of FIG. 3A with a
reflective substrate is shown, illustrating the modulation of
light through five pixels. The optical properties of the pixels
of FIG. 7 can be controlled as described above in conjunction
with FIG. 6. In the device of FIG. 7, due to the reflective
substrate, the constructive or destructive interference can be
formed on certain target points on the same side of the device
from the light source.

Referring now to FIG. 8, the propagation of light by media
having different indices of refraction is illustrated. The fre-
quency of light can be written as

=1

When light of wavelength A, enters from a media with an
index of refraction n,, to a media with an index of refraction
n,, the wavelength of the light in the media n, changes to

o
Al = lo —.
ny

According to Snell’s law, the relationship is given as, n, sin
0,=n, sin 8. The electric field of the propagating light can be
expressed as

. - 2rn
Er,n = Ekocos(wt+ O — - -r),

where k is p or s polarization, Fw is the amplitude of the
electric field, w is the angular frequency (w=2mv), and §, is
the phase angle of the light.
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More generally, the electric field of the propagating light
can be described with the real part of the exponential of the
imaginary number i, as follows:

i{wrT7 i{w— 200
E:k 1) = E:koeu(wr X r+6k) _ E'koeu(wr T r+6y)

(for propagating parallel light, such as a laser); or

. - e
Ey(F, 0 =Ey S =Epo

(for a point light source).
From the above equations, if there is a change in the index
of refraction n, the phase information,

[27rn + 9
G

is also changed. Therefore, the spectral property of the exit
light is controlled by the index of refraction changes induced
by the applied electric field and/or magnetic field.

For the interference, the total electric field from all diffract-
ing elements has to be calculated. Thus the general equation
becomes:

— — —
Ewt(F, 1) = f drT(F)E(. 7.0
all

{2y )/]

— = | wt == 7 =P+ ()
=fd"T(r/)'Ek0'e( A A
all

(for propagating parallel light, such as a laser), or

- — —
Bt 1) = f drTF) EF 7.0
all

2t ) 1

D et
= drTF#)-Eo -
all

(for a point light source);

¥ -7

where, T(T") is the transmission or reflection function at the

point of the integration, T

Therefore, by changing the index of refraction of the device
elements with the applied electric or magnetic field, the dif-
fraction patterns are also changed. Thus, the spectral response
of'the array device is controlled with the electric signal with-
out any mechanically moving parts. This theory explains the
working principles of the present invention. At the very small
aperture size, a plasmon induced transmission enhancement
occurs. The use of this phenomenon can be included in the
device design, too.

Embodiments of the present invention can control the dif-
fraction patterns of transmitted or reflected light using an
applied electric or magnetic field and without moving parts
mechanically. The associated circuit can hold the electric or
magnetic status of each cell while each circuit can be pro-
grammed from external connections. Thus, the diffraction
patterns can be programmed from an external circuit. Since
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the embodiments of the present invention work with an
applied electric or magnetic field alone and without mobile
mechanical parts, the operation speed can be very fast when
compared with existing MEMS devices. Also the moving
parts in MEMS device can suffer from aging and the effects of
friction over time, but the embodiments of the present inven-
tion have little or no aging effects compared to MEMS
devices. Unlike most MEMS device, the embodiments of the
present invention can work in the transmission mode.

Many modifications and other embodiments of the inven-
tion will come to mind to one skilled in the art to which this
invention pertains having the benefit of the teachings pre-
sented in the foregoing descriptions and the associated draw-
ings. Therefore, it is to be understood that the invention is not
to be limited to the specific embodiments disclosed and that
modifications and other embodiments are intended to be
included within the scope of the appended claims. Although
specific terms are employed herein, they are used in a generic
and descriptive sense only and not for purposes of limitation.

What is claimed as new and desirable to be secured by
Letters Patent of the United States is:

1. A dynamic optical grating device comprising:

an array of pixels, each pixel comprising an active media

material configured to control an optical phase and an
intensity of light passing through each pixel upon appli-
cation of an electric or magnetic field, wherein the opti-
cal phase and the intensity of light passing through each
pixel is controlled such that the collective light from a
plurality of the pixels forms constructive or destructive
interference at one or more target points; and

electrical circuitry configured to apply a desired electric or

magnetic field to the pixels wherein the electrical cir-
cuitry comprises,

first and second pluralities of substantially parallel conduc-

tive electrodes, each plurality on an opposite side of the
pixel array, the first plurality being substantially perpen-
dicular to the second plurality;

wherein each electrode of the first plurality is configured to

apply a voltage to a different column of pixels and each
electrode of the second plurality is configured to apply a
voltage to a different row of pixels such that one elec-
trode of the first plurality and one electrode of the second
plurality together apply a desired voltage to one pixel.

2. The grating device of claim 1, wherein the electrical
circuitry further comprises first and second pluralities of
semiconductor elements located between the active media
material and the first and second pluralities of electrodes,
respectively.

3. A method of modulating light, the method comprising
the steps of:

providing a dynamic optical grating device, the grating

device comprising (1) an array of pixels, each pixel
comprising an active media material configured to con-
trol an optical phase an intensity of light passing through
each pixel upon application of an electric field, wherein
the optical phase and the intensity of light passing
through each pixel is controlled such that collective light
from a plurality of the pixels forms constructive or
destructive interference at one or more target points, and
(2) electrical circuitry configured to apply a desired elec-
tric or magnetic field to the pixels; and

applying, by the electrical circuitry, the desired electric or

magnetic field to the pixels to control the optical phase
and the intensity of light passing through each pixel in a
desired manner, wherein the electrical circuitry com-
prises:

first and second pluralities of substantially parallel conduc-

tive electrodes, each plurality on an opposite side of the
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pixel array, the first plurality being substantially perpen-
dicular to the second plurality;

wherein each electrode of the first plurality is configured to
apply a voltage to a different column of pixels and each
electrode of the second plurality is configured to apply a
voltage to a different row of pixels such that one elec-
trode of the first plurality and one electrode of the second
plurality together apply a desired voltage to one pixel.

4. The method of claim 3, wherein the electrical circuitry
further comprises first and second pluralities of semiconduc-
tor elements located between the active media material and
the first and second pluralities of electrodes, respectively.

5. A dynamic optical grating device comprising:

an active media material layer configured to control an
optical phase and an intensity of light passing through
the active media material layer upon application of an
electric or magnetic field, wherein the optical phase and
the intensity of light passing through the active media
layer is controlled such that the light forms constructive
or destructive interference at one or more target points;
and

first and second field injection layers on opposite sides of
the active media layer configured to apply a desired
electric or magnetic field to the active media material
layer, wherein the first and second field injection layers
comprise, respectively, first and second transparent con-
ductive electrodes, the first electrode being configured to
apply a first voltage and the second electrode being
configured to apply a second voltage such that the first
and second electrodes together apply a desired voltage
to the active media material layer; and wherein the first
and second field injection layers further comprise first
and second semiconductor layers located between the
active media material and the first and second elec-
trodes, respectfully.

6. The grating device of claim 5, wherein the active media
material layer is selected from the group consisting of intrin-
sic semiconductor, extrinsic semiconductor, ceramic, organic
molecules, non-linear optical crystal, liquid crystal, ferro-
electric material, and piezoelectric material.

7. The grating device of claim 5, further comprising:

a substrate layer supporting the active media material layer
and the first and second field injection layers, the sub-
strate comprising a reflective material or a transparent
material.

8. The grating device of claim 5, further comprising:

an opaque layer defining a plurality of apertures.

9. A dynamic optical grating device comprising:

an active medial material layer configured to change at
least one optical property upon application of an electric
or magnetic field; and

first and second field injection layers on opposite sides of
the active medial layer configured to apply a desired
electric or magnetic field to the active media material
layer;

wherein the first and second field injection layers comprise,
respectively, first and second transparent conductive
electrodes, the first electrode being configured to apply a
first voltage and the second electrode being configured
to apply a desired voltage to the active medial material
layer; and

wherein the first and second field injection layers further
comprise first and second semiconductor layers located
between the active medial material and the first and
second electrodes, respectively.



