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1
APPARATUS COMPRISING A TUNABLE
NANOMECHANICAL NEAR-FIELD
GRATING AND METHOD FOR
CONTROLLING FAR-FIELD EMISSION

FIELD OF THE INVENTION

The present invention relates to optics in general, and,
more particularly, to tunable diffraction gratings.

BACKGROUND OF THE INVENTION

As light travels through a uniform material, such as air, it
behaves as a series of plane waves traveling in the direction
of propagation. When a plane wave meets an obstruction, it
undergoes a change due to interaction with that obstruction.
Every unobstructed point on the wavefront of the wave can
be considered as a source of a secondary spherical wavelet
with the same wavelength and phase as the incident wave.
The outgoing wavefront is the combination of all of these
wavelets.

For example, if a plane wave that is traveling through
water strikes a barrier that has a single small aperture (i.e.,
no wider than the wavelength), the outgoing wave takes a
form similar to the wavefront that would be generated if a
pebble were dropped into the water at the aperture. The
incident plane wave is said to diffract outwardly from the
aperture in a circular pattern. If the barrier contains an
aperture that is larger than the wavelength, the wavefront
that emerges from the aperture takes a form similar to the
wavefront that would be generated if a continuous series of
pebbles were dropped in a line in the aperture. As a result,
the portion of the incoming wave that is incident upon the
aperture appears to pass through substantially unaltered,
while the remainder is blocked by the barrier. At the edges
of the emerging wave, some diffraction is evident.

Two major regions surround the aperture; a near-field
region and a far-field region. The near-field region is the
region within one wavelength of the aperture and the far-
field region is the region beyond the distance of one wave-
length. The form of a wavefront that emerges from an
aperture depends upon whether the point of observation is in
the near-field region or far-field region. In the near-field
region, the aperture is nearly perfectly imaged showing only
minor fringes at the edges due to diffraction. As the point of
observation is moved beyond one wavelength from the
aperture, the fringes becomes more significant. In the far-
field, the image of the aperture is diffraction limited. In other
words, diffraction increases fringing in the image of the
aperture to such an extent that the aperture is no longer
perfectly imaged.

In a case in which the barrier contains multiple apertures,
the waves that emerge from each aperture interact with one
another in the far-field region. These emerging waves
undergo constructive and destructive interference based on
their relative phases. For example, if the peak of a wave
from a first aperture meets a valley of a wave from a second
aperture, the two waves will cancel each other out (i.e.,
destructive interference). No sign of a wave will be apparent
at that point. If, however, the peak of the first wave coincides
with a peak of the second wave, they will combine con-
structively resulting in one relatively larger wave at that
point. This behavior—destructive and constructive interfer-
ence—forms the basis for a diffraction grating, which is a
repetitive array of objects, either apertures or opaque
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obstructions, which produce periodic changes to the phase
and/or amplitude of an optical wave that emerges from the
grating.

There are a variety of different types of fixed diffraction
gratings. One type is the one-dimensional (linear) Bragg
diffraction. This grating resembles a comb, wherein there is
a fixed, uniform spacing between the teeth. This uniform
spacing, as well as the width and depth of the teeth,
determine the output characteristics of the grating. The
linear Bragg grating is designed to diffract light having a
specific wavelength into modes that emerge along multiple
discrete angles. That specific wavelength is defined to be the
“operating wavelength” of the grating. The light that
emerges from the grating without deviation from the inci-
dent angle is defined to be in the zeroth-order mode. In a
transmissive grating, light emerges at the opposite side of
the grating from which it entered while in a reflective
grating, light emerges from the same side of the grating. The
angle of each of the higher-order modes, and the amount of
light in each mode, depends on the design of the grating and
the wavelength of the incident light.

In contrast to fixed diffraction gratings, tunable diffraction
gratings have been developed wherein the spacing between
elements can be varied in order to change the performance
of the grating and enable operation over a range of wave-
lengths. Tunable diffraction gratings are able to:

change the distribution of light that emerges in the zeroth

and higher-order modes;

change the angles at which the higher-order modes

emerge; and

change the wavelength of operation for the grating.

One example of a tunable diffraction grating is the later-
ally-deformable first-order grating. In this type of grating,
the grating pitch of a single-plane of uniformly-spaced
grating elements is mechanically changed through “accor-
dion-like” expansion or compression of the entire grating.
Expansion and compression have been applied through
various means including mechanical actuators such as piezo-
electric elements, MEMS lateral actuators, electromagnetic
actuators, and thermal actuators. Unfortunately, laterally-
deformable gratings have suffered from non-uniform com-
pression due to mechanical irregularities as well as poor
reliability due to large induced strains in the grating mate-
rials.

A second type of tunable grating is the vertically-deform-
able first-order grating. One example of this type of grating
is disclosed by Solgaard et al. in “Deformable Grating Light
Valve,” Optics Letters, v(17) 1992 (hereinafter referred to as
“the Solgaard device”). These gratings comprise two “half-
gratings,” each of which has a linear array of grating
elements. Each half-grating has a 50% fill-factor and the
same half-grating pitch (i.e., the repeat distance of the
grating elements in the half-grating). The top grating is
laterally shifted by one-half of the half-grating pitch, such
that the structure appears to be a continuous sheet of material
when viewed from above. In its undeflected state, the
respective top surfaces of the two half-gratings are separated
by a multiple of one-half of the wavelength of incident light.
As a consequence, incident light substantially entirely
reflects from the structure (i.e., the outgoing light is in the
zeroth-order mode). When the vertical distance that sepa-
rates the two top surfaces is changed by an amount equal to
one-quarter of the incident wavelength, the optical energy is
substantially completely diffracted into the negative and
positive higher-order modes.

In its deflected state, the Solgaard device operates on the
far-field of the emerging light in the same manner as a
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conventional diffraction grating. Specifically, in the far field,
reflected wavelets from each grating element combine con-
structively and destructively as a function of the relative
phase of the multiple wavelet components at each point in
space.

In its undeflected state, the Solgaard device approximates
a mirror surface due to the 360° phase difference (i.e., one
complete wavelength) between the two half-gratings. Light
having the same wavelength emanating from two points that
are separated by an integer multiple of a wavelength rein-
force each other (i.e., combine constructively).

Laterally-deformable diffraction gratings based on
MEMS are also known, such as the MEMS reconfigurable
optical grating described by Rumpf et al., in U.S. Pat. No.
6,628,851. Rumpf describes a conventional diffraction grat-
ing wherein each line-element is attached to an individual
lateral actuator in order to enable reconfigurability within
the plane containing the conventional line-elements.

The range of motion required for known laterally-deform-
able or vertically-deformable tunable diffraction gratings is
a significant fraction of the operating wavelength of the
grating. As a consequence, the speed of response (i.e.,
operating bandwidth) and reliability of these tunable dif-
fraction gratings are limited by mechanical considerations,
such as the size and mass of the line-elements and the
amount of induced strain that is required to affect a desired
change in operating characteristic.

SUMMARY OF THE INVENTION

The illustrative embodiment of the present invention is a
tunable nanomechanical near-field grating and method for
causing changes in the far-field emission of the grating in
response to very small changes in element spacing within
the near-field of the grating.

In a first illustrative embodiment, a tunable nanomechani-
cal near-field grating comprises a first and second sub-
grating. Each sub-grating includes line-elements having a
width and a thickness that is less than the operating wave-
length of the grating. A plurality of apertures is collectively
formed by the two sub-gratings, each aperture having an
aperture width and aperture depth. Aperture width is defined
as the lateral distance between one line-element of the first
sub-grating and one line-clement of the second sub-grating.
Aperture depth is defined as the vertical distance between
the bottom of a line-element of the bottom-most sub-grating
and the top of a line-element of the top-most sub-grating.
One of the first or second sub-gratings is capable of motion
such that the aperture width and/or aperture depth is vari-
able. Changing the aperture width and/or aperture depth
perturbs the near-field intensity distribution of the tunable
nanomechanical grating, with a corresponding change to its
far-field emission.

In another embodiment, a telecommunications network
element comprises a tunable nanomechanical near-field grat-
ing, optical waveguides, and optical elements. In some
embodiments, the telecommunications network element is
connected to an optical communications network and pro-
vides a desired function such as an on/off switch, variable
optical attenuator, selective wavelength channel blocker,
equalizer, channel selector, or wavelength add/drop switch.

In another embodiment, a two-dimensional array of tun-
able nanomechanical near-field gratings provides the active
elements in a focal plane array for a tunable imaging system.

In another embodiment, a tunable nanomechanical near-
field grating is used as a sensor that senses a change to an
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environmental factor such as acceleration, shock, vibration,
temperature, gravity, incident radiation, or concentration of
a chemical species.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a schematic view of a tunable nanome-
chanical near-field grating in accordance with the illustrative
embodiment of the present invention.

FIG. 2 depicts a perspective view of a tunable nanome-
chanical near-field grating in accordance with the illustrative
embodiment.

FIGS. 3A and 3B depict side views of the features along
axes 207 and 211, as seen in view a—a of FIG. 2, in
accordance with the illustrative embodiment of the present
invention.

FIGS. 4A through 4C depict side views of alternative
arrangements of the features along axes 207 and 211, as seen
in view a—a of FIG. 2, in accordance with the illustrative
embodiment of the present invention.

FIGS. 5A through 5D depict method 500, suitable for
controlling the zeroth-order mode intensity of an optical
signal, or sensing a change to an environmental factor by
monitoring the intensity of the zeroth-order mode of an
optical signal.

FIG. 6 depicts a top view of a tunable nanomechanical
near-field grating implemented as an active grating in accor-
dance with the illustrative embodiment.

FIG. 7 depicts an optical communications network that
incorporates an active grating, in accordance with the illus-
trative embodiment.

FIG. 8 depicts a top view of a two-dimensional array of
tunable nanomechanical near-field gratings in accordance
with the illustrative embodiment of the present invention.

FIG. 9 depicts a perspective view of an imaging system
that incorporates a two-dimensional array of tunable nano-
mechanical near-field gratings in accordance with the illus-
trative embodiment of the present invention.

FIG. 10 depicts a perspective view of passive grating in
accordance with an illustrative embodiment of the present
invention.

DETAILED DESCRIPTION

FIG. 1 depicts a schematic view of a tunable nanome-
chanical near-field grating in accordance with the illustrative
embodiment. As used in this specification, the phrase “nano-
mechanical near-field grating” is defined as a grating com-
prising line-elements that have width and thickness less than
one micron, and wherein at least some of the line-elements
are separated by a distance less than the operating wave-
length of the grating.

Tunable nanomechanical near-field grating 100 comprises
nanomechanical near-field grating 102 (hereinafter, “grat-
ing”) and motion enabler 104. As depicted in FIG. 2, grating
102 comprises sub-gratings 206 and 208. Sub-grating 206
includes line elements 208-i, i=1,4 (collectively, line-cle-
ments 208), which are spaced uniformly along lateral axis
207. Sub-grating 210 includes line-elements 212-i, i=1.4,
(collectively, line-elements 212), which are spaced uni-
formly along lateral axis 211. Line-elements 212 depend
from beam 214. Each line-element 208-; is in the near-field
region of the nearest line-element 210-i. Motion enabler 104
permits movement of line-elements 210 within the near-field
of line-elements 208 and thereby perturbs the near-field
intensity distribution of grating 102. In some embodiments,
motion enabler 104 simply permits movement of line-
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elements 210 in response to a change in an environmental
factor (e.g., acceleration, temperature, etc.). In other
embodiments, motion enabler 104 pro-actively moves line-
elements 210 in response to a control signal (in these
embodiments, motion enabler 104 comprises an actuator).

As previously noted, there are two regions of observation
for light interacting with obstacles and apertures (such as
grating 102): the near-field region (within one operating
wavelength) and the far-field region (beyond one operating
wavelength). The optical-field intensity distribution in the
near-field region of grating 102 behaves quite differently
than that in the far-field region, in that light observed in the
near-field region does not exhibit the diffraction effects that
are observed in the far-field region. But the far-field emis-
sion pattern of grating 102 is a function of its near-field
intensity distribution. As a consequence, perturbations to the
near-field intensity distribution are observed as changes to
the far-field emission pattern.

With continuing reference to FIG. 2, behavior in the
near-field region can be characterized by analysis of the
interaction of line-elements 208 and 212 and incident light
216. Each line-element 208-i and 212-/ comprises an elec-
tron-oscillator that vibrates and reemits light at the wave-
length of incident light 216. The mutual interaction of
electron-oscillators that are associated with two line-ele-
ments rapidly decreases as the separation of the line-ele-
ments increases. The interaction reaches an inconsequential
level at a distance substantially equal to the wavelength of
incident light 216 (i.e., the operating wavelength of the
grating).

The characteristics of reflected output signal 218 and
transmitted output signal 220 are dependent upon the near-
field intensity distribution of grating 102. Therefore, even
slight motion of line-elements 212 with respect to line-
elements 208 directly affects output signals 218 and 220. In
particular, the distribution of optical intensity among the
various diffraction orders composing output signals 218 and
220 changes as sub-grating 210 moves with respect to
sub-grating 206.

Tunable nanomechanical near-field grating 100 operates
either as an active grating or a passive grating as a function
of the manner in which the relative position of sub-gratings
206 and 210 changes. As used herein, the term “active
grating,” when used to describe tunable nanomechanical
near-field grating 100, means that the relative position of
sub-gratings 206 and 210 is pro-actively controlled (typi-
cally to control the intensity of a diffractive mode of either
output signals 218 or 220). As used herein, the term “passive
grating,” when used to describe tunable nanomechanical
near-field grating 100, means that the relative position of
sub-gratings 206 and 210 is not pro-actively controlled. In
some embodiments in which tunable nanomechanical near-
field grating 100 is implemented as a passive grating, the
intensity of a diffraction mode of either output signal 218 or
220 is monitored in order to detect a change in the relative
position of the sub-gratings (typically due to the impact of
an environmental factor, such as temperature, acceleration,
etc.). One example of tunable nanomechanical near-field
grating 100 implemented as a passive grating is a sensor,
such as, without limitation, an accelerometer, shock or
vibration sensor, gravity sensor, radiation sensor, tempera-
ture sensor, or chemical sensor.

FIG. 3A is a side view of grating 102 of FIG. 2 in the
direction indicated, with beam 214 omitted for clarity. As
depicted in FIG. 3A, each of line-elements 208-i is located
within the near-field region of at least one line-element 210,
and vice-versa. For example, line-element 212-1 is within
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near-field region 322-1 of line-element 208-1, and line-
element 208-1 is within near-field region 322-3 of line-
element 212-1. For clarity, not all near-field regions associ-
ated with line-elements are shown.

As depicted in FIG. 3B, grating 102 comprises apertures
324-1 through 324-3 (collectively, apertures 324). Each
aperture has an aperture width and an aperture depth, which
are defined by the lateral and vertical spaces, respectively,
between one of line-elements 208 and one of line-elements
212. For example, aperture 324-1 has an aperture width
defined by the lateral space between line-elements 212-1 and
208-2 and an aperture depth defined by the vertical space
between the top of line-element 212-1 and the bottom of
line-element 208-2.

Since the far-field behavior of grating 102 is a function of
its near-field intensity distribution, a nanometer-scale
change to the aperture width or aperture depth of apertures
324 results in a significant change to output signals 218 and
220. For example, lateral motion of less than 50 nanometers
results in an appreciable change of the zeroth-order-mode
output intensity of output signals 218 and 220. As a result of
this small motion requirement, tunable nanomechanical
near-field grating 100 is capable of high-speed behavior that
has been hitherto difficult to attain. In addition, when used
as a sensor, tunable nanomechanical near-field grating 100
provides a sensitivity to outside influences that is typically
much greater than prior-art devices.

Although grating 102 is a Bragg grating in the illustrative
embodiment, in other embodiments, grating 102 is a tunable
chirped grating, a tunable distributed Bragg grating, and
other types of gratings.

An important characteristic of grating 102 is the close
proximity of a line element (e.g., line-element 212-1) from
sub-grating 210 and a line-clement (e.g., line-element 208-
2) from sub-grating 206. In accordance with the illustrative
embodiment, nearest-neighbor line-elements, one from each
sub-grating, are spaced apart by no more than one operating
wavelength. FIGS. 4A, 4B, and 4C depict side views of
alternative arrangements of the line-elements 208 and 212.
In each of the three arrangements shown, line-clements 208
lie on plane 430 and line-elements 212 lie on plane 432.
Planes 430 and 432 extend “into the page.”

The line-elements depicted in FIG. 4A through 4C are
supported in the same manner as is depicted in FIG. 2. That
is, line-elements 212 compose sub-grating 210. Line-cle-
ments 212 are rigidly coupled to beam 214 on a fixed repeat
period along axis 211. Beam 214 is not depicted in FIGS. 4A
through 4C to improve clarity. In some embodiments, the
repeat period is less than or equal to the operating wave-
length, while in other embodiments the repeat period is
greater than the operating wavelength. Line-elements 208,
which are arrayed along axis 207, compose sub-grating 206.
Sub-grating 206 has substantially the same fixed repeat
period as that of sub-grating 210.

In FIG. 4A, plane 430 and plane 432 are coincident and,
as a result, line-elements 208 and 212 are substantially
co-planar. For a grating having a planar arrangement such as
that shown in FIG. 4A, perturbation of the near-field inten-
sity distribution is substantially limited to that achieved
through lateral movement of one of sub-gratings 206 and
210.

As depicted in FIG. 4B, line-elements 212 collectively
form a plurality of unit-cells 434-i, i=1,n, two of which are
shown. Each unit-cell 434-i contains two line-elements. For
example, unit-cell 434-1 contains line-elements 212-1A and
212-1B. In embodiments such as that shown in FIG. 4B,
fixed aperture 428-i, i=1,n, and second non-fixed apertures
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426-i, i=1,n, are formed in addition to apertures 324-i.
Alternative arrangements are shown in FIGS. 4A and 4C,
wherein each unit cell contains one line-element 212-/.

In FIG. 4B, planes 430 and 432 are separated by a vertical
distance less than the thickness of line-elements 208, and as
a result line-elements 208 and 212 overlap vertically, but are
not co-planar.

FIG. 4B depicts an embodiment comprising unit-cells that
each include one independently variable aperture. It will be
clear to those skilled in the art, however, after reading this
specification, how to make and use embodiments of the
present invention wherein each unit-cell includes a plurality
of independently variable apertures. Furthermore, it will be
clear to those skilled in the art how to make and use
alternative embodiments of the present invention wherein
each unit-cell includes a plurality of line-elements, such that
each is capable of movement that is independent from any
other line-element included in said unit-cell.

In FIG. 4C, planes 430 and 432 are separated by a vertical
distance greater than the thickness of line-elements 208, but
vertical separation 436 between the top of line-clements 208
and the bottom of line-elements 212 is less than or equal to
the operating wavelength. For a grating having an arrange-
ment of line-elements as shown in FIGS. 4B and 4C,
perturbation of the near-field intensity distribution can be
accomplished through lateral and/or vertical movement of
one of sub-gratings 206 and 210.

Each of FIGS. 4A through 4C depict arrangements that
have one movable sub-grating and one fixed sub-grating. It
will be clear to those skilled in the art, however, after reading
this specification, how to make and use embodiments of the
present invention that comprise more than one indepen-
dently-movable sub-grating. Furthermore, it will be clear to
those skilled in the art how to make and use alternative
embodiments of the present invention that include at least
three sub-gratings, at least one of which is movable.

FIG. 5A depicts method 500, for altering the far-field
emission characteristics of a tunable grating, such as grating
102, by perturbing the grating’s near-field intensity distri-
bution. FIG. 5B depicts an embodiment of method 500. In
the embodiment depicted in FIG. 5B, method 500 includes
operations 538 and 540. Operation 538 recites forming a
plurality of nanomechanical near-field apertures (e.g., aper-
tures 324, etc.). For the purposes of this specification,
“near-field apertures” are defined as apertures that have an
aperture width (as shown in FIGS. 3A and 3B) less than the
operating wavelength of the grating.

In operation 540, the apertures are subjected to a force
that causes an aperture dimension to change. Such a change
in aperture dimension includes a change in aperture width,
aperture depth, or both aperture width and aperture depth.
Operation 540 can comprise either a pro-active application
of force (i.e., a force that is applied to cause a change in
aperture width) or a reactive force (i.e., a force imparted due
to a change in an environmental factor, such as a temperature
change, etc.).

FIG. 5C depicts an embodiment of sub-operation 540 in
which force is applied pro-actively, as for an active grating.
In such embodiments, aperture dimension varies in response
to a drive signal applied to an actuator that is coupled to
grating 102. In sub-operation 542, a force is applied to a first
sub-grating of a nanomechanical near-field grating, such as
sub-grating 210 of grating 102, to cause it to move with
respect to a second sub-grating, such as sub-grating 206 of
grating 102. This force is applied using any one of a variety
of suitable actuators, such as and without limitation, an
electro-static lateral comb drive, electro-magnetic lateral
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actuator, thermal actuator, rack and pinion lateral actuator,
piezoelectric actuator, or others as will occur to those skilled
in the art in view of the present disclosure.

Sub-operations 544 and 546 are optional and are used in
embodiments in which closed-loop feedback control is
desired. In sub-operation 544, the dimensions of the aper-
tures formed by the line-elements of the two sub-gratings,
such as apertures 324 of grating 102, are monitored. The
width and/or depth of the apertures can be monitored by
monitoring the intensity of one of the diffraction modes of
the output signal (such as signals 218 or 220), or by direct
measurement of an aperture dimension through measure-
ment of a parameter, such as and without limitation, capaci-
tance, inductance, tunneling current, piezo-resistivity, or
others as will occur to those skilled in the art in view of the
present disclosure. In sub-operation 546, the aperture size
obtained in operation 544 is used in a feedback loop,
familiar to those skilled in the art, to control the aperture
size. Used without sub-operations 544 and 546, operation
542 results in open-loop control of aperture size.

FIG. 5E depicts an embodiment of sub-operation 540 in
which force is not applied pro-actively, as for a passive
grating. In such embodiments, an aperture dimension varies
in response to a change in an environmental factor. Sub-
operation 548 describes subjecting a nanomechanical grat-
ing, such as grating 102, to a force initiated by a change in
an environmental factor. Sub-operation 550 describes moni-
toring the intensity of the far-field emission pattern of the
grating. Sub-operation 550 enables use of grating 102 as a
sensor in either an analog fashion, wherein the relative
amount of force is quantified, or digital fashion, wherein the
presence of an environmentally-induced force is detected.
Environmentally-induced forces include, but are not limited
to, acceleration, shock, vibration, temperature change, inci-
dent radiation, chemical concentration, or others as will
occur to those skilled in the art in view of the present
disclosure.

FIG. 6 depicts a top view of a tunable nanomechanical
near-field grating implemented as active grating 600 in
accordance with the illustrative embodiment. Device 600
comprises grating 102, which comprises sub-gratings 652
and 654. Sub-gratings 652 and 654 each include a plurality
of rigidly-coupled nanomechanical line-elements. Sub-grat-
ing 652 is suspended above sub-grating 654 by means of
springs 656-1 and 656-2, which are connected to anchor
658-1, and springs 656-3 and 656-4, which are connected to
anchor 658-2. The line-elements of sub-gratings 652 lie
within the near field of the line-elements of sub-grating 654.

Sub-grating 652, lateral actuator 660, and vertical actuator
661 are coupled. Lateral actuator 660 enables a change of
the lateral spacing between the line-elements of sub-grating
652 and the line-elements of sub-grating 654. Vertical actua-
tor 661 enables a change of the vertical spacing between the
line-elements of sub-grating 652 and the line-elements of
sub-grating 654. A change to the spacing between the two
sets of line-elements enables results in a change of the
near-field intensity distribution of grating 102 and a resultant
change of the far-field optical behavior of the grating 102.

The movement of lateral actuator 660 is controlled by
feed-back controller 662, which acts to reduce the difference
between a control signal that corresponds to the desired
position of sub-grating 652 and the signal received from
capacitance sensor 664 which monitors the aperture width,
W,
FIG. 7 depicts an optical communications network that
incorporates active grating 600, in accordance with the
illustrative embodiment. Input signal 770 is emitted from
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input optical fiber 768, which is connected to transmitter 782
of optical communications network 780. Input signal 770
propagates through input optical element 772 and is directed
toward active grating 600.

As described in conjunction with FIG. 6, the position of
sub-grating 652 relative to sub-grating 654 is controlled to
alter the near-field intensity distribution of grating 102 and,
thus, alter the far-field pattern of output signal 776 to achieve
the desired output-signal characteristics of output signal
776. At least a portion of output signal 776 is captured by
output optical element 774. The output optical element also
directs at least a portion of output signal 776 into output
optical fiber 778, which is connected to receiver 784 of
optical communications network 780. In other embodi-
ments, optical fibers 768 and 778 could be planar
waveguides, or any other optical waveguide suitable for
carrying input signal 770 and output signal 778.

In an optical communications network application, active
grating 600 can be used to provide or enable a variety of
functions such as optical modulation, signal attenuation,
on-off switching, wavelength equalization, tunable wave-
length channel blocking, wavelength adding or dropping,
tunable spectrometry, wavelength selection, or channel
monitoring.

FIG. 8 depicts a top view of a two-dimensional array of
tunable nanomechanical near-field gratings in accordance
with the illustrative embodiment of the present invention.
Array 801 comprises tunable nanomechanical near-field
gratings 102-1-1 through 102-m-n. The gratings can be
active gratings (such as active grating 600), passive gratings,
or any combination of active and passive gratings. In some
embodiments, array 801 includes gratings that have the
same operating wavelength. In some other embodiments. In
yet some further embodiments, each grating has a unique
operating wavelength.

FIG. 9 depicts a perspective view of an imaging system
that incorporates array 801, which is implemented as a
tunable focal plane array comprising a plurality of pixels,
wherein each pixel contains a tunable nanomechanical near-
field grating. Imaging system 900 comprises imaging system
986, which conditions and directs light from a scene onto
focal plane array 991. Focal plane array 991 comprises array
of pixels 900-m-n, wherein each pixel comprises a tunable
nanomechanical near-field grating and an optical detector.
For example, pixel 990-1-1 comprises grating 102-1-1 and
optical detector 988-1-1.

Gratings 102-1-1 through 102-2-2 modulate the intensity
of the zeroth-order light that is transmitted to their corre-
sponding optical detectors 988-1-1 through 998-2-2 (collec-
tively, optical detectors 998). Optical detectors 998 are
electrically connected to image processing electronics 992,
which performs signal conditioning, digital signal process-
ing, etc. In this manner, an imaging system with active
wavelength filtering is developed. Other applications for the
embodiment presented in FIG. 6 include, but are not limited
to, a spectrographic imager and a wavelength-selective
camera.

Although FIG. 9 depicts an embodiment wherein two-
dimensional focal plane array 991 contains only pixels
having a single grating and a single optical detector, alter-
native embodiments include those wherein focal plane array
991 is a linear array. Alternative embodiments also include
those wherein focal plane array 991 comprises pixels hav-
ing:

a plurality of gratings and a single detector;

a single grating and a plurality of detectors; or

a plurality of gratings and a plurality of detectors.
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In some other embodiments, detectors 998 comprise:

detectors that are all sensitive to a single wavelength;

detectors that are each sensitive to different wavelengths;

groups of detectors, wherein each group is sensitive to
different wavelengths; or

any combination of such detectors.

In yet additional embodiments, focal plane array 991
comprises:

gratings that all have a single operating wavelength;

gratings that each have different operating wavelengths;

groups of gratings, wherein each group has a different
operating wavelength; or

any combination of such gratings.

FIG. 10 depicts a perspective view of passive grating in
accordance with an illustrative embodiment of the present
invention. Sensor-type grating 1000 comprises grating 102,
which comprises sub-grating 206 and sub-grating 210. Sub-
grating 210 is coupled to tether 1094 via beam 214. Tether
1094 is coupled to anchor 1095 and provides support for
sub-grating 210. Furthermore, tether 1094 supports trans-
duction of a change in an environmental factor into a force
sufficient to change the position of sub-grating 210 with
respect to sub-grating 206. Although FIG. 10 depicts a tether
that combines the functions of support and force transducer,
in some other embodiments, these functions are not com-
bined but provided by different elements that are coupled to
one of sub-gratings 206 and 210.

Passive grating 1000 further comprises light source 1096,
which provides light at the operating wavelength of grating
102. Light from light source 1096 is collimated and directed
at grating 102 by optical element 1097. Detector 1098,
which is sensitive to the operating wavelength, collects a
portion of the light emerging from grating 102 and provides
a signal corresponding to the amount of light collected.
Alternative embodiments include those wherein optical ele-
ment 1097 is not included, and embodiments wherein detec-
tor 1098 captures the transmissive output signal of grating
102 instead of the reflective output signal as shown in FIG.
10.

It is to be understood that the above-described embodi-
ments are merely illustrative of the present invention and
that many variations of the above-described embodiments
can be devised by those skilled in the art without departing
from the scope of the invention. For example, in this
Specification, numerous specific details are provided in
order provide a thorough description and understanding of
the illustrative embodiments of the present invention. Those
skilled in the art will recognize, however, that the invention
can be practiced without one or more of those details, or with
other methods, materials, components, etc.

Furthermore, in some instances, well-known structures,
materials, or operations are not shown or described in detail
to avoid obscuring aspects of the illustrative embodiments.
It is understood that the various embodiments shown in the
Figures are illustrative, and are not necessarily drawn to
scale. Reference throughout the specification to “one
embodiment” or “an embodiment” or “some embodiments”
means that a particular feature, structure, material, or char-
acteristic described in connection with the embodiment(s) is
included in at least one embodiment of the present invention,
but not necessarily all embodiments. Consequently, the
appearances of the phrase “in one embodiment,” “in an
embodiment,” or “in some embodiments” in various places
throughout the Specification are not necessarily all referring
to the same embodiment. Furthermore, the particular fea-
tures, structures, materials, or characteristics can be com-
bined in any suitable manner in one or more embodiments.
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It is therefore intended that such variations be included
within the scope of the following claims and their equiva-
lents.

What is claimed is:

1. An apparatus comprising:

a first nanomechanical near-field grating, said first nano-
mechanical near-field grating comprising a linear
arrangement of at least a plurality of first apertures,
wherein:
said first apertures have a substantially uniform size;
said size is less than or equal to a first operating

wavelength; and
said size is uniformly variable;

a first sub-grating comprising a plurality of regularly-
spaced first line-elements, wherein said regular-spacing
defines a first period aligned with a first axis, and
wherein said first line-elements lie substantially in a
first plane, and further wherein said first line-elements
have a width and thickness less than or equal to said
first operating wavelength;

a second sub-grating comprising a plurality of regularly-
spaced unit-cells, wherein said regular-spacing defines
a second period aligned with a second axis, and
wherein each said unit-cell comprises at least one
second line-element, and wherein said second line-
elements lie substantially in a second plane which is
vertically separated from the first plane, and further
wherein said second line-elements have a width and
thickness less than or equal to said first operating
wavelength;

at least one support for supporting one of said first
sub-grating and said second sub-grating, wherein one
of either said first sub-grating is movable along said
first axis and said second sub-grating is movable along
said second axis; and

wherein said first aria and said second axis are in at least
partially overlapping relation to one another; and

wherein at least one of said first period and said second
period have a value larger than said operating wave-
length.

2. The apparatus of claim 1 wherein each of said first
apertures is defined by one of said first line-elements and one
of said second line-elements.

3. The apparatus of claim 1 wherein said first period and
said second period have different values.

4. The apparatus of claim 1 wherein one of said first
period and said second period have a value less than or equal
to said operating wavelength.

5. The apparatus of claim 2 wherein said first line-
elements and said second line-elements are separated by a
vertical distance less than or equal to said first operating
wavelength.

6. The apparatus of claim 5 further comprising a first
vertical actuator for varying said vertical distance.

7. The apparatus of claim 1 further comprising a second
nanomechanical near-field grating, wherein said first nano-
mechanical near-field grating and second nanomechanical
near-field grating define an array.

8. The apparatus of claim 7, wherein said first nanome-
chanical near-field grating has said first operating wave-
length and said second nanomechanical near-field grating
has a second operating wavelength.

9. The apparatus of claim 1 wherein said size varies in
response to a change in an environmental factor.

10. The apparatus of claim 1 further comprising a means
for controlling said size.
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11. The apparatus of claim 1 farther comprising:

an input signal;

a first optical element;

an output signal, wherein said output signal comprises at

least a portion of said input signal after said input signal
has interacted with said first nanomechanical near-field
grating; and

a fixture for aligning said first optical element, and said

first nanomechanical near-field grating, such that said
input signal is directed at said first nanomechanical
near-field grating.

12. The apparatus of claim 11 wherein said input signal
comprises a plurality of signal wavelengths, such that each
of said signal wavelengths is greater than or equal to said
first operating wavelength, and wherein said output signal
contains fewer said signal wavelengths than said input
signal.

13. The apparatus of claim 12 wherein said output signal
contains one said signal wavelength.

14. The apparatus of claim 11 wherein the intensity of said
output signal is less than the intensity of said input signal.

15. The apparatus of claim 11 wherein the intensity of said
output signal is substantially zero.

16. The apparatus of claim 11 further comprising:

an optical waveguide network;

a transmitter, said transmitter being capable of transmit-

ting signals on at least one wavelength;

a receiver, said receiver being capable of receiving signals

on at least one wavelength;

an optical waveguide interconnection for interconnecting

said optical waveguide network to at least one of said
first optical element and a second optical element.

17. The apparatus of claim 11 further comprising:

a second optical element; and

a fixture for aligning said second optical element and said

first nanomechanical near-field grating, such that said
output signal is directed at said second optical element.

18. The apparatus of claim 7 further comprising:

at least one optical imaging element; and

a detector array, wherein said detector array contains at

least one detector aligned with each of said first nono-
mechanical near-field grating and second nanome-
chanical near-field rating.

19. The apparatus of claim 18 further comprising image
processing electronics.

20. An apparatus comprising:

a tunable nanomechanical near-field grating comprising:

a first nanomechanical sub-grating, wherein said first

nanomechanical sub-grating includes a plurality of first
line-elements, and wherein said first line-elements have
width and thickness less than an operating wavelength;

a second nanomechanical sub-grating, wherein said sec-

ond nanomechanical sub-grating includes a plurality of
second line-elements, and said second line-elements
have width end thickness less than said operating
wavelength;

at least one support for aligning said second nanomne-

chanical sub-grating and said first nanomechanical sub-
grating such that said second line-elements are within
the near-field region of said first line elements and
vertically separated from said first line elements, and
with the first and second line-elements providing a
plurality of apertures of a substantially uniform size
which is less than or equal to the operating wavelength;
and

wherein said support enables said second line-elements to

substantially uniformly move within said near-field
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regions and wherein at least one of the first and second
nanomechanical sub-gratings has a period greater than
the operating wavelength.

21. The apparatus of claim 20 wherein said second
line-elements move in response to a change in an environ-
mental factor.

22. The apparatus of claim 20 further comprising a means
for controlling the movement of said second line-elements.

23. The apparatus of claim 20 further comprising a means
for sensing said position.

24. An apparatus comprising:

a tunable nanomechanical near-field grating further com-

prising:

a first nanomechanical sub-grating, wherein said first
nanomechanical sub-grating includes a plurality of first
line-elements, and wherein said first line-elements have
width and thickness less than an operating wavelength;

a second nanomechanical sub-grating, wherein said sec-
ond nanomechanical sub-grating includes a plurality of
second line-elements, and said second line-elements
have width and thickness less than said operating
wavelength;

a first support located on one side of said second nano-
mechanical sub-grating, and a second support located
on an opposite side of said second nanomechanical
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sub-grating, with each support further comprising a
spring connected to suspend said second nanomechani-
cal sub-grating above said first nanomechanical sub-
grating without contact therebetween such that said
second line-elements are within the near-field region of
said first line elements and said second line-elements
are moveable within said near-field regions to provide
a plurality of apertures all having the same size which
is less than or equal to the operating wavelength.

25. The apparatus of claim 24 wherein a period of at least
one of said plurality of first line-elements and said plurality
of second line-elements is less than or equal to said oper-
ating wavelength.

26. The apparatus of claim 24 wherein each spring
comprises a folded spring.

27. The apparatus of claim 24 wherein each spring is
deformable substantially in the plane of the second nano-
mechanical sub-grating to permit a lateral movement of the
second nanomechanical sub-grating relative to the first
nanomechanical sub-grating.

28. The apparatus of claim 24 further comprising a means
for controlling the movement of said second line-elements.



