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Description

Cross-Reference to Related Applications

[0001] This application claims the benefit of U.S. Pro-
visional Application No. 60/223,503, filed August 7, 2001,
U.S. Provisional Application No. 60/223,508 filed August
7, 2000, and U.S. Provisional Application No. 60/271,103
filed February 23, 2001.

Field of the Invention

[0002] The present invention relates generally to opti-
cal elements and more specifically to optical gratings and
holographic optical elements used to perform optical
switching functions.

Background of the Prior Art

[0003] Diffractive optics using optical elements that af-
fect propagating wavefronts by means of diffraction are
known. US-B-6, 212, 314 discloses an opto-electronic
mechanical device including a planar waveguide. A grat-
ing can be moved in or out of the region of strong eva-
nescent field of the signal travelling in the waveguide to
reflect selectively a particular wavelength. Exemplary dif-
fractive optical element (DOE) structures are diffraction
gratings, zone plate lens and holographic mirrors. DOEs
in which the diffracting element sizes are approaching or
approximately equal to the wavelength of light are gen-
erally known as holographic optical elements (HOEs).
One advantage to diffractive optics is that a structure,
such as a DOE lens, may be constructed on a flat surface
and can thus be smaller, cheaper and more easily aligned
than a refractive optics counterpart. One disadvantage
is that because diffractive optics structures are formed
of patterns of diffracting elements they are sensitive to
the wavelength of the light used.
[0004] HOEs can be recorded on optical media, such
as photographic films, to create optical devices like lens-
es and prisms. The hologram patterns are diffraction pat-
terns established by recording the interference pattern
of two laser beams. The resulting diffraction pattern has
constituent elements with dimensions on the order of a
wavelength. HOEs can also be produced by mechanical
means such as engraving with a diamond tool, photoli-
thography or embossing with a hard metal master.
[0005] HOEs are advantageous, in certain applica-
tions, for a number of reasons. HOEs may be quite thin
in profile, thereby allowing the fabrication of numerous
optical elements of smaller size than traditional optical
counterparts. Further, as HOEs are planar devices, com-
plex optical systems may be assembled in a simplified
manner using less space than typical multi-element op-
tical systems. In fact, HOEs may be self-positioning,
thereby greatly reducing the alignment problems asso-
ciated with optical systems, especially complex optical
systems.

[0006] In general, the diffraction pattern of HOEs are
designed to transmit incident light into modes, or direc-
tions. Modes are conventionally labelled m=0 +1,-1,+2,-
2, etc... according to their location with respect to the
incident light. If the HOE is to be used as a lens or mirror
two primary modes are typically involved, the m=0 mode
and the m=-1 mode. In the m=0 mode, incident light ap-
pears unaffected by the HOE, i.e., if the HOE is a reflec-
tive element, light will be reflected into the zero order
mode as though the light had been reflected by a flat
mirror surface, and if the HOE is a transmissive element,
light will exit the element as if it had been transmitted
through a transparent optical media. The m=-1 mode is
a direct result of the designed optical function of the HOE.
This mode will be generally offset from the m=0 mode.
In typical devices, the HOE is chosen so that the ampli-
tude of light in the m=0 mode is minimized through de-
structive interference, and the amplitude of the desired
m = -1 mode is maximized through constructive interfer-
ence. The angle of incident light and size of the diffractive
elements is generally chosen so that other modes that
could interfere with the desired optical performance do
not exist.
[0007] With their ability to reflect light from a normal
path (i.e., coinciding with a m=0 mode) into a diffracted
mode (m=-1), there is a desire to employ HOEs in switch-
ing devices. Current designs of HOEs limit the use of
HOEs as optical switches. HOEs are generally formed
either within the bulk of a material or on the surface of a
material. Holograms recorded in the volume of a holo-
graphic material have low losses, but are very difficult to
mass-produce. Examples are three-dimensional struc-
tures formed in volume using electro-holographic mate-
rials switchable by application of an electric field. On the
other hand, surface relief holograms may be mass-pro-
duced, but suffer from low optical efficiency. An added
problem with these surface-relief holograms is that they
are not switchable.
[0008] Despite the above shortcomings of existing
HOEs and DOEs, it is nonetheless desirable to use HOEs
and DOEs as switches with optical media.

Summary of the Invention

[0009] According to the invention, there is provided an
optical switch for transmitting an optical signal according
to claim 1.
[0010] Preferred embodiments of the invention are set
out in the dependent claims.

Brief Description of the Drawings

[0011]

FIG. 1 is a cross-sectional view of a HOE having
strips in physical contact with a top surface of an
optical substrate.
FIG. 2 is a cross-sectional view of an alternative HOE
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in which strips forming the HOE are disposed above
the optical substrate and moveable relative thereto,
in accordance with an embodiment of an optical
switch.
FIG. 3 is a graph of the gap height of an HOE versus
HOE efficiency in accordance with an exemplary op-
tical switch.
FIG. 4A is a perspective view of the structure of FIG.
2 showing the switching of an incident signal.
FIG. 4B is a top view of the structure of FIG. 2 show-
ing the reflection of an incident light signal into a re-
flected signal at an angle, α.
FIG. 5 is a graph of angle θp versus the grating period
divided by wavelength for an HOE in accordance
with an exemplary optical switch.
FIG. 6 is a graph of HOE strip thickness versus HOE
efficiency in accordance with an exemplary optical
switch.
FIG. 7 is side view of an exemplary way of coupling
light into the substrate for total internal reflection
therein, in accordance with an embodiment.
FIG. 8 is a side view of an alternative way of coupling
light into the substrate for total internal reflection
therein, in accordance with an embodiment.
FIG. 9 is a perspective view of the HOE of FIG. 2
showing an exemplary cantilevered means of
mounting using an anchor portion to suspend the
strips of an HOE for movement.
FIG. 10 is a top view of the HOE of FIG. 9 showing
an electrode disposed above the strips of the HOE
for moving the strips relative to the top surface of the
substrate, in accordance with an optical switch.
FIG. 11 is an exemplary partial top view of another
HOE in accordance with an embodiment of an optical
switch.
FIG. 12 is a side view of the HOE shown in FIG. 11
further showing a mounting structure and an elec-
trode disposed above the strips.
FIG. 13 is a perspective view of an HOE having an
actuation member formed of flexible arms and
mounting feet in accordance with a preferred em-
bodiment of an optical switch.
FIG. 14 is a top view of a 1x2 optical switch formed
with HOEs, in accordance with an embodiment of a
1xN optical switch.

Description of the Preferred Embodiment

[0012] The present disclosure solves the above-de-
scribed problems by providing a HOE that is easily fab-
ricated and usable with an optical substrate to form an
optical switch. Preferably, the HOEs described herein-
below are grating structures that are moveable relative
to an optical substrate within which a light signal travels.
The movement of the HOE functions to couple and de-
couple the HOE with the substrate, so that if a light signal
is traveling in the substrate the HOE may selectively in-
teract with the light signal. For maximum efficiency, light

is made to travel in the optical substrate under total in-
ternal reflection (TIR), which as will be understood in-
cludes a range of propagation paths of the light traveling
in the substrate. Total internal reflection is a well known
phenomena that allows light to be reflected from the in-
terface between two optical materials without losses.
This occurs if light is propagating in a material with a
higher refractive index than a surrounding optical media
and the light strikes the interface at an angle that is great-
er than a critical angle, measured from the normal to the
interface.
[0013] TIR also makes coupling the HOE into and out
of position easier, due to the evanescent field created at
a reflection boundary under TIR conditions. A HOE may
be coupled to and decoupled from the substrate by mov-
ing the HOE in and out of evanescent field coupling, and
the amount of coupling between the HOE and the sub-
strate can be controlled by how far into the evanescent
field the HOE is moved.
[0014] By way of background and to explain the gen-
eral operation of HOEs used with optical substrates, FIG.
1 shows a cross-sectional view of an HOE 100. The HOE
100 is described in detail in co-pending application enti-
tled "Integrated Transparent Substrate and Diffractive
Optical Element", published as US-A-2002/0047129 on
Apr. 25,2002.
[0015] The HOE 100 is disposed on an optical sub-
strate 102, which in the preferred embodiment is optically
transparent in the infrared region at least around 1550
nm or 1310 nm (vacuum wavelength), transmission
wavelengths desirable for optical communications. The
HOE 100 could be optically transparent at any desired
wavelength, however. The substrate 102 may be made
of a quartz material or another substrate material suitable
for propagating a signal under TIR and for serving as an
etch-stop surface for a photolithography process. In the
preferred embodiment, the substrate 102 is made of sap-
phire.
[0016] An incident light beam 104 is traveling within
the substrate 102, under total internal reflection, which
as would be known occurs above a critical angle of inci-
dence at the outer surface boundary of the substrate 102.
An angle of incidence, θ, is shown in FIG. 1 measured
from a normal to a top surface 106 and extending into
the substrate 102. For a sapphire substrate 102 sur-
rounded by an air boundary in contact with the top surface
106, the critical angle is approximately 35° and so θ is to
be at or above this value. The light beam 104 can be
made incident upon the top surface 106 from angles
above the critical angle and still facilitate HOE 100 oper-
ation. While in the preferred embodiment, air is disposed
above the top surface 106, other materials may be dis-
posed above the substrate 102 so long as these materials
have an index of refraction less than that of the substrate
102 to establish the TIR conditions. Further, while TIR
off of the top surface 106 and a bottom surface 107 of
the substrate 102 offers the most efficient design with
the least cost, one could alternatively have TIR on the
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top surface 106 and use mirrors or a reflective coating
on the bottom surface 107 to reflect the light beam 104.
Similarly, a cladding layer could be used below the bot-
tom surface 107.
[0017] The HOE 100 comprises strips 108 disposed
directly on a top surface 106 of the substrate 102. The
strips 108 are formed of an optically transparent material
and, as will be known, the geometry of the strips 108 will
affect the properties and operation of the HOE 100. The
embodiment of FIG. 1 shows the strips 108 formed in
direct physical contact with the top surface 106. The strips
108 may be formed of a single crystal silicon, poly-silicon,
or other optically transparent material. Only a few strips
108 are exemplarily shown, but in operation there would
typically be a large number of such strips 108 to ensure
that the light beam 104 is incident upon some part of the
HOE 100. Further, the strips 108 are shown in cross-
section and actually would extend into and out of the
illustration.
[0018] The strips 108 have a width ’b’ and are spaced
apart a width ’c’. Grating period ’a’ is equal to the sum of
these two values. The HOE 100 reflects incident light
beam 104 into light beam 114. The width ’a’ affects the
wavelength of light the HOE 100 is optimized to reflect
and the angle of exit of the reflected light. In the preferred
embodiment width ’b’ is equal to width ’c’, yet these widths
may be non-equal, if so desired. Strip thickness and width
can be adjusted to maximize the intensity of the reflected
light. Additionally, there could be intra-width variation,
wherein the width ’b’ could vary (e.g., b1, b2, b3, etc.)
and the width ’c’ could vary (e.g., c1, c2, c3, etc.). For
example, a HOE could be formed with different ’a’ values
(a1, a2, a3, etc.) where ’a’ varies continuously, such that
a1 > a2 > a3 > etc. An exemplary apparatus could be
used to reduce dispersion in the reflected signal or to
increase the amount of dispersion therein, as might be
useful in demultiplexing applications. As the strips 108
form a grating pattern of the HOE 100, exact dimensional
precision is not necessary to produce a functioning de-
vice. The aggregate affect of the strips 108 is to minimize
inexactness in the sizing of any particular strip 108. It is
preferred, nonetheless, that the HOE 100 have ’a’ peri-
odicity, i.e., that ’a’ is substantially the same throughout
the HOE 100. In this way, ’a’ is more influential on HOE
100 operation than ’b’ or ’c’. In an exemplary structure,
width ’a’ would be on the order of 1.5 Pm, i.e., about twice
the wavelength of incident light in the media.
[0019] To explain generally the operation of the HOE
100, the strips 108 cooperate with the top surface 106 to
define a diffraction grating pattern. The incident light 104
hits the diffraction grating pattern and is reflected as
shown, and described below, thereby establishing HOE
100 as a tilted reflective mirror element. The spacings ’c’
between the strips 108 together form an interface layer
110, which here is an air-substrate interface layer. As the
light beam 104 is traveling in the substrate 102 under
total internal reflection, a portion of the light beam 104 is
diffracted at the interface layer 110 under total internal

reflection. That is, a first portion of the light beam 104 is
incident upon the air-substrate interface layer and is dif-
fracted by the reflective action of the substrate spaces
between the strips. Since these spaces are on the order
of the wavelength of the incident light diffraction rather
than plane wave reflection occurs. A second portion of
the light beam 104 incident upon the HOE 100 is incident
upon that portion of the top surface 106 directly below
the strips 108. Here, the strips 108 will absorb light energy
from the substrate and act like low loss waveguide res-
onators bounded on a top surface 112 and side surfaces
by a lower index of refraction material, air in the preferred
embodiment. A standing wave is essentially created in
the strips 108, and absorbed light will eventually leave
the strips 108 and reenter the substrate 102 as diffracted
light that is phase shifted with respect to the light diffract-
ed at the interface layer 110 between the strips 108. If
the strips 108 have a higher index of refraction than the
substrate 102, efficiency is further improved since the
standing waves also are bounded by a lower surface with
a transition to a lower index of refraction. The effect of
the strip 108 and the interface layer 110 is to efficiently
diffract the light beam 104 into a m=-1 mode that propa-
gates within the substrate 102. Light beam 114 repre-
sents this reflected signal. Path 116 is the path light beam
104 would travel within the substrate 102 if unaffected
by strips 108. The properties of the reflected light beams
of the disclosed HOEs are discussed in more detail with
respect to FIGS. 4A and 4B. The strips 108 are disposed
in direct physical contact with top surface 106 of the sub-
strate 102. In other embodiments, however there is no
direct physical contact.
[0020] FIG. 1 and other figures to be discussed are in
contrast with known devices, which show TIR only in
waveguides separately formed in substrates using ex-
pensive doping and other formation techniques. The use
of a substrate for signal propagation is preferred over
that of a waveguide for numerous reasons. Signals prop-
agating in a substrate are not confined as with
waveguides thereby allowing flexibility in switch design
and greatly reducing the coupling problems inherent in
waveguide structures, where, for example, a signal in
one waveguide had to be switched for propagation into
another waveguide. Additionally, using the substrate for
TIR provides a quasi-free space propagation for signals
that allows great flexibility in coupling switched output
signals into output fibers, multiplexers, and other optical
devices. Moreover, using a substrate eliminates the extra
fabrication required to form waveguides in or on a sub-
strate material, thereby reducing switch design, fabrica-
tion, and cost. Having acknowledged these advantages
and while using the substrate with an air interface for
propagation is preferred, the substrate 102 could, none-
theless, be altered to include waveguides for purposes
such as coupling optical signals to optical fibers.
[0021] Whereas FIG. 1 shows a HOE in physical con-
tact with a substrate, FIG. 2 shows an HOE 200 disposed
above (i.e., out of physical contact with) a substrate 202
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and moveable relative thereto from a decoupled (or "off")
position, in which light 204 passes through the substrate
202 unfettered, and a coupled (or "on") position, in which
light 204 is affected by the HOE 200. Thus, the HOE 200
can function as a switch.
[0022] Light beam 204 propagates within the substrate
202 under TIR. TIR propagation in the substrate 202 may
be achieved from the coupling of light into the substrate,
see FIGS.7 and 8 below. Furthermore, as with FIG. 1,
TIR need only be established on a top surface 206 of the
substrate 202 with mirrors or a reflective layer on a bottom
surface 207 of the substrate, though preferably TIR would
occur at both surfaces 206, 207.
[0023] The HOE 200 is formed of strips 208 preferably
positioned above the top surface 206 of the substrate
202. The strips 208 cooperate with the substrate 202 like
the strips 108 in HOE 100, the difference in FIG. 2 being
that the strips 208 need not be in direct physical contact
with the top surface 206, but rather are in coupling contact
with the substrate 202 through an evanescent field. When
the strips 208 are within the evanescent field extending
above the top surface 206 (i.e., the "on" position), a por-
tion of light beam 204 will be coupled into the strips 208.
This coupling of the strips 208 may be thought of as being
similar to that of frustrated total internal reflection. The
action of the strips frustrates the total internal reflection
of the optical signal and causes the signal to be redirect-
ed. When the strips 208 are out of evanescent field cou-
pling distance (i.e., the "off" position), the light beam 204
is unaffected by the strips 208, and the light beam 204
will continue to propagate as signal 214. In this way, ad-
justing the air-gap height of the strips 208 will switch the
incoming light beam 204 from the path 214 into a reflected
light beam path 216.
[0024] The strips 208 and substrate 202 can be
thought of as combining to form a diffraction pattern of
the HOE 200, like that formed by the structure of FIG. 1.
A portion of the light 204 is incident upon an interface
layer 210 existing at the top surface 206, but only over
those portions of the top surface 206 coinciding with the
spaces between the strips 208. The strips 208 are bound-
ed by a top surface 212, above which is an air surround-
ing. The resonator operation of the strips 208 is like that
of strips 108 of FIG. 1, except in FIG. 2 the strips 208
receive energy through evanescent coupling in the pre-
ferred embodiment and not from in-contact refraction at
a physical boundary. The effect of the strips 208 and the
interface layer 210 is to collectively diffract the light beam
204 into a m=-1 mode, represented in FIG. 2 by the re-
flected path 216. The minimized m=0 mode coincides
with the normal path light beam 204 would travel if unaf-
fected by the strips 208, i.e., light beam 214.
[0025] The depth of the evanescent field above the top
surface 206 determines the air-gap height between the
strips 208 and the top surface 206 that establish the "on"
and "off" positions. FIG. 3 is a graph indicating the effi-
ciency of silicon strips forming an HOE above a sapphire
substrate for different gaps between the top surface 206

of the substrate 202 and the bottom of the strips 208.
Efficiency represents the ratio of power in the m=-1 mode
to the incident power. For the following parameter con-
ditions ’a’ =1.5 Pm, strip height=2.15 Pm, wavelength
λ=1.55 Pm, TE mode propagation, θ=36°, and φ=59.8°
(i.e., α=60.4°) (some of these parameters are explained
in detail below, others above), the efficiency of the HOE
acting as a grating is as shown. Generally, HOE efficiency
is inversely proportional to the air-gap in an exponential
fashion. This allows the switch to be placed in a fully "off"
position with a minimum amount of movement. As can
be seen the highest efficiency is achieved when near the
air-gap height about 0.11, and thus, FIG. 1 may be con-
sidered as an illustration of a moveable HOE that is
moved into the highest efficiency air-gap height.
[0026] Due to stiction, however, it may be desirable for
strips to be formed not in physical contact with the top
surfaces of the substrates, but rather above the substrate
a desired amount. This can be facilitated with the use of
small bumps 218 that are formed on the bottom surfaces
of the strips. They are commonly used in such structures
to limit the contact area subject to stiction forces.
[0027] FIG. 3 also shows that the HOE is out of cou-
pling contact above 2 Pm, i.e., the HOE would be in the
"off" position. In the preferred embodiment of FIG. 2, how-
ever, the air-gap for the "off" position is set at about 12
Pm to ensure that industry standards, such as the Tele-
cordia GR 1073 standard, is met. These standards ef-
fectively limit the amount of signal that can leak through
a switch in an "off" position. As the depth of the evanes-
cent field depends on numerous parameters, the ranges
of the air-gaps in FIG. 3 are exemplary. Indeed, as θ
increases the evanescent field extending above the sub-
strate becomes shallower, with the maximum evanes-
cent field occurring at or near the critical angle for TIR.
As a result, preferred ranges of θ for the embodiments
disclosed herein is from the critical angle to about 10°
above the critical angle.
[0028] One feature of the HOE 200 is that the reflected
light beam 216 travels in a plane that is at an angle alpha,
α, to the plane of propagation of the light beam 204. Thus,
reflected light beam 216 travels in a plane extending out
of the illustration of FIG. 2. This propagation is more read-
ily apparent in FIGS. 4A and 4B. This feature facilitates
using the HOE 200 as an optical switch by allowing a first
detector or coupling means to be positioned for receiving
the un-switched signal 214 and a second detector or cou-
pling means to be positioned at an angle thereto for re-
ceiving the switched signal 216.
[0029] The angles of reflection α or θp created by the
HOE 200 depends on numerous factors, including the
strip periodicity ’a’, the angle of incidence θ, and the
wavelength of the light λ. A sample graph showing the
relationship between θp and these variables is shown in
FIG. 5. FIG. 5 plots angle θp on the x-axis and ’a’/λ on
the y-axis for various angles of incidence θ. Lambda (λ)
is the wavelength of light propagating inside the substrate
material which is equal to the wavelength of light in a
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vacuum divided by the refractive index of the substrate
material. For sapphire the index of refraction is about
1.74 giving an internal λ of about .89 Pm for the 1.55 Pm
optical communications channel. As can be seen, for
θ=35°, ’a’/λ of 1.5 will result in θp of approximately 110°.
Similarly, with θ=45° an ’a’/λ of 1.5 will result in θp of
approximately 125°. The graph also shows that θp can
range from about 90° to about 145° for the given angles
of incidence θ, depending on the parameters. The graph
assumes that the switched beam will have the same an-
gle of incidence with respect to the substrate surface as
the incident beam, albeit in a different plane of propaga-
tion. The graph also shows exemplary limitations on ’a’,
though ’a’ ranges generally extend from approximately
0.5λ to 3 λ depending on parameters. The graph of FIG.
5 also shows a forbidden region, extending above a line
F, within which light is reflected into more modes than
just the m=-1 mode.
[0030] Returning to FIG. 4A, it can be seen that to re-
flect the incident light beam 204 into the propagation path
216 the strips 208 are not at right angles to the plane of
propagation of the light beam 204, but rather are at an
angle thereto. In particular, the strips 208 are perpendic-
ular to a line bisecting the angle θp. If the strips 208 were
at right angles to the plane of propagation of light beam
204, the reflected light would be in the plane of propaga-
tion of light beam 204. Also, it can be seen that in the
preferred embodiment the strips 208 are parallel, linear
strips. Other strips, such as curved strips for focusing,
may also be used. In fact, known grating software pro-
grams can be used to develop numerous types of grating
designs given the desired conditions and parameters set
forth herein.
[0031] The thickness of the strips 208 establishes a
phase shift between the light reflected from the interface
layer 210 and the light reflected from the resonator strips
208. In the preferred embodiment, the thicknesses for
the strips 208 are identical. Preferably, the strips 208
would have thicknesses above 1 Pm to ensure that the
strips 208 have enough structural rigidity to be moveable
between the "on" position and the "off" position. The strips
208 could have smaller thicknesses.
[0032] A graph showing HOE efficiency versus silicon
strip thickness is shown in FIG. 6. In this exemplary
graph, the substrate is made of sapphire, the incident
beam is TE polarized, ’a’= 1.5 Pm, λ =1.55 Pm, air-gap
height of 500Å, θ =36°, and φ =59.8 (i.e., α=60.4°). As is
shown, there are numerous strip thickness which pro-
duce very high efficiency. For the plotted example, effi-
ciency peaks occur at approximately 1.87 Pm and 2.12
Pm. In fact, as the thickness of the strips 208 is to be
chosen to impart the appropriate phase shift on the ab-
sorbed light, multiple harmonics of a particular thickness
would also impart the same phase shift. An advantage
of the HOEs of the preferred embodiments is that strip
thickness can be chosen such that the efficiency of the
HOE switch is substantially independent of the polariza-
tion state of the incident light beam. This is a design pa-

rameter called polarization dependent loss as set-forth
by the Telecordia GR 1073 standard.
[0033] Another feature of HOE 200 is that the light re-
flected from it into the m=-1 mode is reflected at an angle
so that the reflected light 216 still travels in the substrate
under TIR. The reflection of incident light beam 204 into
a totally internally reflected path is achieved by adjusting
the grating periodicity ’a’, as shown by the graph in FIG. 5.
[0034] Returning to FIG. 2, the substrate 202 may be
any of the materials previously described with respect to
substrate 102 and is preferably single crystal sapphire.
Sapphire is optically transparent at the infrared wave-
lengths common for optical communications, e.g., 1550
nm and 1310 nm. Additionally, sapphire is a hard, etch
resistant material amenable to providing a processing
etch stop for any material that may be deposited on the
substrate 202 to form the strips 208.
[0035] The strips 208 and bumps 218 are preferably
formed of poly-silicon, but they may be formed of other
optically transparent materials, such as various forms of
silicon (crystalline and amorphous), alumina, sapphire,
silicon-nitride, germanium silicon, and other optically
transparent materials amenable to micro-electrome-
chanical systems (MEMS) processing techniques.
[0036] As stated above, there are numerous ways of
coupling light signals into and out of a substrate 202 that
utilize TIR propagation, the easiest of which would in-
volve either cleaving an input fiber, cleaving an edge of
the substrate, providing a cleaved element between the
optical fiber and the substrate, or some combination of
these. The advantage of cleaving the fiber is that this
coupling method is cheap, though the other methods are
also cost effective.
[0037] FIG. 7 shows one way of coupling light beam
204 into or out of the substrate 202, where an optical
fiber 217 is coupled to the substrate 202 by a refractive
element 220. The refractive element 220 is formed of an
optically transparent material with an index of refraction
lower than that of the substrate 202. The refractive ele-
ment 220 refracts light beam 204 for TIR propagation in
the substrate 202 and a collimating element 219 is used
to collimate the light beam 204. The collimating element
219 can be any known and suitable HOE structure or
may be formed according to the HOE 100, described
above, with strips 221 shown in cross-section. Forming
the collimating element 219 like that of the HOE 100 has
the advantage of making device fabrication easier.
[0038] An alternative structure that uses an external
collimating element such as a gradient index lens grin
lens (GRIN) fiber assembly is shown in FIG. 8. Here, the
substrate 202 has a cleaved side surface 222. At a 45°
cut, the surface 222 will receive the collimated light signal
204 from a GRIN lens element 224 for TIR propagation
within the substrate 202. The GRIN lens 224 could re-
ceive an input from an optical fiber lens 224. The GRIN
lens 224 may be coupled directly to a refractive element
or a thin layer of anti-reflecting coating 226 that minimizes
reflection losses. The coupling shown in FIG. 8 would
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allow the use of commercially available components to
collimate and collect the light beams. This coupling al-
lows incoming fibers to side-couple instead of coupling
through a top or bottom surface of the substrate, as
shown FIG. 7.
[0039] Moving to switch operation, there are various
ways to switch an HOE from the "on" position to the "off"
position. Generally, the flex needed to move the HOE
can result from the strips of the HOE, where the strips
themselves are made to flex into and out of evanescent
field coupling. Alternatively, the structure or frame sup-
porting the strips of the HOE can be made to flex. In either
case, the flexing structure should also be spring biased
to either an "on" or "off" position to ease switch operation.
[0040] To set forth a general HOE actuator, FIG. 9
shows an exemplary way of mounting the strips 208 for
movement. Here, strips 208 are suspended from a rigid
anchor portion 224 affixedly mounted to the top surface
206. This is a cantilevered configuration in which the
strips 208 extend outward from the anchor portion 224
and are free standing above the substrate 202. The strips
208 are close enough to the substrate 202 that the HOE
200 is biased in the "on" position, i.e., the strips 208 are
within the evanescent field of a 1550 nm or 1310 nm light
wave traveling within the substrate 202 under TIR. To
add structural rigidity to the strips 208, cross connections
226 are formed therebetween. With the cross connec-
tions 226, the strips 208 can be made to move in unison
avoiding twisting forces that could affect structures of
such small size. For longer strips, there may be numerous
cross connections between two strips. It is important for
design configurations to avoid placing the cross connec-
tions 226 in a closely formed periodic fashion, however,
as the cross connections 226 would collectively act as
diffraction grating orthogonally oriented to the grating
formed by the strips 208.
[0041] The poly-silicon forming the strips 208 is trans-
parent in the infrared region and can be readily fabricated
with standard .5 Pm to 1 Pm line-width photolithography
MEMS manufacturing processes. By way of example,
the strips 208 can be formed by deposition of a film of
polysilicon on the sapphire substrate 202 or by epitaxial
growth of single crystal silicon on the sapphire 202.
Standard photolithography can form the desired pattern
in a photoresist layer and the pattern can be etched into
the silicon with standard MEMS etching techniques sim-
ilar to the commercially available multi user MEMS proc-
ess (MUMPs™). In fabrication, a sacrificial layer, or spac-
er layer, will be deposited on the substrate top surface,
between the silicon and the sapphire. This layer is typi-
cally silicon dioxide and is etched or dissolved to release
the silicon structure from the substrate. The sapphire
substrate is resistant to etching processes and allows
the sacrificial layer to be dissolved without etching of the
substrate. Any etching of the substrate would create a
faint HOE pattern in the substrate that would not allow
the switch to be turned fully off as required. It is common
practice to form the small bumps on the underside of the

silicon structure by patterning small depressions into the
sacrificial layer before depositing the polysilicon layer.
As stated above, these bumps minimize sticking during
the release operation and during subsequent switch op-
eration. The sacrificial layer can be dimensioned to po-
sition the polysilicon HOE in the "on" position or the de-
vice can be constructed so that it is biased into the "on"
position with polysilicon spring elements. Preferably, the
strips 208, bumps 218, rigid anchor portion 224, and
cross connections 226 are formed of the same material,
most preferably a poly-silicon material. The rigid anchor
portion 224 and cross connections 226 could be formed
of any of the above mentioned strip materials.
[0042] To move the HOE 200 from the biased "on" po-
sition to an "off" position, an electric field may be applied
via an electrode disposed above the strips 208. As the
strips 208 are partially conductive they will deflect away
from the top surface of the substrate 202 under applica-
tion of an electric field. As the evanescent field will not
extend far above the top surface 206, more specifically
the evanescent field tapers exponentially, the strips 208
need only deflect a small distance to place the HOE 200
in the "off" position.
[0043] FIG. 10 shows one method of deflecting the
strips 208 using an electrode 230 positioned at least
above a distal portion of the strips 208, and extending
into and out of the illustration across all strips 208. The
electrode 230 is mounted at a bottom surface of an in-
sulating mounting plate 232, which is formed over a sup-
port member 234. The support member 234 may be
formed of the same material as anchor 224, and in the
illustration is opposite the same. The electrode 230 would
receive instructions from a drive circuit and apply an elec-
tric field to the strips 208 in response thereto. To ease
implementation, the strips 208 could be connected to a
ground voltage. Further electrode 230 could extend lon-
gitudinally down the length of the strips 208 as shown.
[0044] FIGS. 12 and 13 show an alternative means to
actuate a HOE for switching. In these embodiments, the
flex used for switching is not in the strips forming the
HOE, as with FIG. 10, but rather is with the structure
connecting the strips to the top surface of the substrate.
For example, exemplary HOE structure 300 of FIG. 11,
which has strips 302, cross connections 303, and side
portions 304 and 306 and which may be formed of the
same materials and in a similar way to that of the HOE
structure 200 described in FIG. 2, can be actuated as
shown in FIG. 12. FIG. 12 shows a mounting structure
having two mounting bases 308 and 310 formed on a
substrate 311 and a mounting plate 312 formed on the
bases 308, 310. The HOE 300 is coupled to the mounting
bases 308 and 310 via flexible connections 314. The flex-
ible connections 314 could be any number of MEMS proc-
essed springs or structures allowing flex, at least in an
upwards direction. The flexible connections 314 could
alternatively allow bi-directional, up and down, deflection.
An electrode 316 is mounted to the mounting plate 312
and, in this embodiment, is shown extending transversely
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and longitudinally across the strips 302, which would be
grounded. In such a configuration, the HOE 300 could
be biased in the "on" position and moveable to an "off"
position under an electric field from the electrode 316.
Alternatively, the HOE 300 could be biased in the "off"
position or the HOE 300 could be biased for upward and
downward movement under control of the electrode 316.
The HOE 300 could have bumps 318 formed on a bottom
surface to prevent stiction between the HOE 300 and the
substrate 311 during operation.
[0045] FIG. 13 shows an alternative actuation struc-
ture for an HOE 400. The HOE 400 is formed of the same
materials and in a similar manner as previously men-
tioned. Typical lateral dimensions for the HOE 400 would
be 250 to 1000 Pm . Strips 402 extend along a length of
the HOE 400 and cross connections 404 are provided to
add structural rigidity. A plurality of spring arms 406 are
connected to the HOE 400. The springs arms 406 are
also connected to the top surface of a substrate 408-
substrate 408 being like that of the substrates previously
described. Specifically, feet 410 serve as posts for the
spring arms 406 and have a height, in the preferred em-
bodiment, sufficiently small to bias the HOE 400 in the
"on" position. The geometry and size of the spring arms
406 are chosen to allow the HOE 400 to deflect into the
"off" position under application of an electric field. As will
be appreciated by persons of ordinary skill in the art,
many other geometries may be used to achieve the de-
sired flex and spring bias for HOE switching operation.
To affect actuation, an electrode could be mounted above
the HOE 400 using an appropriate mounting structure,
of which a structure similar to that shown in FIG. 12 is an
example.
[0046] While electrostatic actuation is used in the pre-
ferred embodiment for HOE 300 movement, actuation
may alternatively be affected by thermal, piezoelectric,
or electro-optic actuation.
[0047] As can be seen from FIG. 13, due to the micron
scales of the HOEs herein, HOEs in application would
have many strips and, where used, many cross connec-
tions. Therefore, the above figures should be considered
as exemplary showing a general number of strips, with
the understanding that many strips, like in HOE 400, may
be in fact be used.
[0048] FIG. 14 shows a top view of an exemplary op-
tical switch 500 that can use any of the above-described
HOEs, represented generally by HOE 502a and HOE
502b, to form a 1x2 optical switch. The concepts of FIG.
114 can be extended to form an 1xN optical switch. Two
HOEs 502a, 502b are shown and both are aligned with
a propagation path of an incoming light signal 504. The
incoming light signal 504 travels within a substrate 506
under TIR similar to the previously described substrates.
The two HOEs 502a, 502b are disposed above the sub-
strate 506 and individually moveable relative thereto be-
tween an "on" position and an "off" position, via any of
the actuation structures previously described. In partic-
ular, when the HOE 502a is in the "on" position, the light

signal 504 is reflected along a first reflected path 508.
The path 508 is not orthogonal to the plane of propagation
of signal 504, but rather at the angle, α, to that plane of
propagation. When the HOE 502a is in the "on" position,
preferably substantially all of the light signal 504 is re-
flected along path 508, leaving a minimum m=0 mode
light signal incident upon HOE 502b. If switch 502b is in
the "off" position this minimum light signal will continue
along path 512 and be absorbed or otherwise prevented
from reflecting back into the device by suitable means.
Note that this m=0 mode light signal does not propagate
to output path 510 as switch 502b is fully off due to the
exponential nature of the evanescent field. This is an
important parameter for commercial switches as men-
tioned above.
[0049] If HOE 502a is in the "off" position, light signal
504 is unaffected and continues to travel under TIR within
the substrate 506 until the light signal 504 reaches the
second HOE 502b, where if HOE 502b is in the "on" po-
sition, then light signal 504 is reflected into a second re-
flected path 510, also at the angle, α, to the direction of
propagation of light signal 504. Preferably, HOE 502a
and HOE 502b are identical and paths 508 and 510 are
parallel. Further, while not shown, the paths 508 and 510
may lead to output fiber outputs to couple reflected light
for using the structure illustrated as an optical fiber to
optical fiber switch. Coupling into other optical devices
is also possible, and if both the HOE 502a and the HOE
502b are in the "off" position, the light signal 504 will
continue through the substrate 506 unaltered, on signal
path 512. Signal path 512 could also be coupled to an
output fiber and be used for monitoring purposes. A small
signal representing the input signal will always be present
at 512 due to incomplete suppression of the m=0 mode.
The device could also be configured as a variable splitter
or attenuator by controlling the HOE air-gaps to positions
intermediate to on and off. For example, HOE 502a could
be positioned for 50 % efficiency, leaving 50 % of the
incident signal 504 to hit the HOE 502b, which could be
positioned for near 100% efficiency. This design would
be like a 1x2 splitter, with the output signals along paths
508 and 510 each having about 50 % of the energy of
the incident beam.
[0050] While the structures shown above have HOEs,
formed of strips, it will be understood to persons of ordi-
nary skill in the art that the structures shown could be
more generally DOE structures, having larger dimen-
sions than that of HOEs, for examples a number of times
larger than the ’a’/λ values plotted in Fig. 5. Therefore,
the present disclosure and the claims below are consid-
ered to encompass DOE structures, as well.
[0051] Many additional changes and modifications
could be made to the disclosed embodiments without
departing from the fair scope of the claims.The scope of
some changes is discussed above. The scope of others
will be come apparent from the appended claims.
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Claims

1. An optical switch comprising:

a substrate (202) for transmitting an optical sig-
nal within the substrate;
a diffractive optical element (100, 200) disposed
above a top surface of the substrate and move-
able relative thereto between a first position out
of evanescent field coupling with the optical sig-
nal, such that the optical signal continues to
propagate unaltered in a first direction, and a
second position in evanescent field coupling
with the optical signal to alter the propagation of
the optical signal into a second direction
characterized in that
said optical signal propagates in the substrate
in the first propagation direction along a first
plane normal to the substrate under total internal
reflection; and
the diffractive optical element (100, 200) in its
second position operating to diffract said optical
signal, such that
the optical signal propagates in the substrate in
the second direction along a second plane nor-
mal to the substrate that forms an acute angle
(α) with the first plane.

2. The optical switch of claim 1, wherein the substrate
is formed of a material from the group consisting of
quartz and sapphire.

3. The optical switch of claim 1, wherein the diffractive
optical element is a holographic optical element.

4. The optical switch of claim 1, wherein said diffractive
optical element is formed of a plurality of strips form-
ing a diffraction grating, where each strip has a sub-
stantially equal width and where each of the strips
are spaced apart a substantially equal spacing.

5. The optical switch of claim 4, wherein the width is
substantially identical to the spacing.

6. The optical switch of claim 4, wherein the diffraction
grating has a grating period, ’a’, that is substantially
equal to the wavelength of light of the optical signal
in the substrate.

7. The optical switch of claim 4, wherein the diffraction
grating has a grating period, ’a’, that is between .5λ
and 3λ, where λ is the wavelength of the optical sig-
nal in the substrate.

8. The optical switch of claim 4, wherein the strips are
flexible for moving the diffractive optical element be-
tween said first position and said second position.

9. The optical switch of claim 8, wherein the strips are
suspended from an anchor fixedly mounted to the
substrate.

10. The optical switch of claim 4, wherein the strips are
suspended from a first anchor and a second anchor
by flexible members, where both said first anchor
and said second anchor are fixedly mounted to the
substrate and where the flexible members allow
movement of the diffractive optical element between
said first position and said second position.

11. The optical switch of claim 4, wherein the strips are
biased in the second position, and wherein an elec-
trode is disposed adjacent the strips for moving the
strips into the first position.

12. The optical switch of claim 4, wherein the strips are
linear and substantially perpendicular to a line bi-
secting an angle, θp, between the plane containing
the first direction and the plane containing the sec-
ond direction.

13. The optical switch of claim 4, further comprising
cross connections formed between the strips.

14. The optical switch of claim 4, wherein the strips are
formed of a material selected from the grouping con-
sisting of amorphous silicon, crystalline silicon, and
poly-silicon.

15. The optical switch of claim 4, wherein the strips are
formed of a material selected from the group con-
sisting of alumina, sapphire, silicon nitride, and a po-
ly-silicon/poly-germanium alloy.

16. The optical switch of claim 4, wherein the strips have
an index of refraction higher than that of the sub-
strate.

17. The optical switch of claim 4, wherein the strips have
a thickness above 1 Pm.

18. The optical switch of claim 17, wherein the strips
have a thickness selected to maximize the intensity
of the optical signal in the second direction.

19. The optical switch of claim 4, wherein the strip width
is selected to maximize the intensity of the optical
signal in the second direction.

20. The optical switch of claim 1, wherein the diffractive
optical element is in physical contact with the top
surface of the substrate when in the second position.

21. The optical switch of claim 1, wherein the optical sig-
nal propagating in the second direction is propagat-
ing under total internal reflection.
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22. The optical switch of claim 1, wherein the optical sig-
nal is reflected off the top surface of the substrate
under total internal reflection.

23. The optical switch of claim 1, wherein the optical sig-
nal is reflected off the top surface and a bottom sur-
face of the substrate under total internal reflection.

24. The optical switch of claim 1, wherein the diffractive
optical element is composed of a substantially trans-
parent optical material.

25. The optical switch of claim 1, wherein the diffractive
optical element operates by affecting the total inter-
nal reflection.

26. The optical switch of claim 1, wherein said diffractive
optical element is formed of a plurality of strips form-
ing a diffraction grating, where each strip has a width
and a spacing distance associated therein, such that
the widths and the spacing distances for the strips
vary.

27. The optical switch of claim 12, wherein θp is between
about 90° and about 145°.

Patentansprüche

1. Optischer Schalter, der aufweist:

ein Substrat (202) zum Übertragen eines opti-
schen Signals innerhalb des Substrats;
ein optisches Beugungselement (100, 200), das
über einer oberen Oberfläche des Substrats an-
geordnet und relativ dazu bewegbar ist zwi-
schen einer ersten Position außer abklingender
Feldkopplung mit dem optischen Signal, so dass
sich das optische Signal weiterhin unverändert
in einer ersten Richtung fortpflanzt, und einer
zweiten Position in abklingender Feldkopplung
mit dem optischen Signal, um die Fortpflanzung
des optischen Signals in eine zweite Richtung
zu ändern,
dadurch gekennzeichnet, dass
sich das optische Signal in dem Substrat in der
ersten Fortpflanzungsrichtung entlang einer er-
sten Ebene, die zu dem Substrat senkrecht ist,
unter innerer Totalreflexion fortpflanzt; und
das optische Beugungselement (100, 200) in
seiner zweite Position wirksam ist, um das op-
tische Signal zu beugen, so dass
sich das optische Signal in dem Substrat in der
zweiten Richtung entlang einer zu dem Substrat
senkrechten zweiten Ebene fortpflanzt, die mit
der ersten Ebene einen spitzen Winkel (α) bil-
det.

2. Optischer Schalter nach Anspruch 1, wobei das Sub-
strat aus einem Material aus der Gruppe gebildet ist,
die aus Quarz und Saphir umfasst.

3. Optischer Schalter nach Anspruch 1, wobei das op-
tische Beugungselement ein holografisches opti-
sches Element ist.

4. Optischer Schalter nach Anspruch 1, wobei das op-
tische Beugungselement aus einer Vielzahl von
Streifen gebildet ist, die ein Beugungsgitter bilden,
wobei jeder Streifen eine im Wesentlichen gleiche
Breite hat und wobei jeder von den Streifen um einen
im Wesentlichen gleichen Abstand beabstandet ist.

5. Optischer Schalter nach Anspruch 4, wobei die Brei-
te im Wesentlichen gleich dem Abstand ist.

6. Optischer Schalter nach Anspruch 4, wobei das Beu-
gungsgitter eine Gitterperiode ’a’ hat, die im Wesent-
lichen gleich der Wellenlänge des Lichts des opti-
schen Signals in dem Substrat ist.

7. Optischer Schalter nach Anspruch 4, wobei das Beu-
gungsgitter eine Gitterperiode ’a’ hat, die zwischen .
5λ und 3λ ist, wobei λ die Wellenlänge des optischen
Signals in dem Substrat ist.

8. Optischer Schalter nach Anspruch 4, wobei die Strei-
fen flexibel sind, um das optische Beugungselement
zwischen der ersten Position und der zweiten Posi-
tion zu bewegen.

9. Optischer Schalter nach Anspruch 8, wobei die Strei-
fen an einem Anker aufgehängt sind, der an dem
Substrat fest angebracht ist.

10. Optischer Schalter nach Anspruch 4, wobei die Strei-
fen an einem ersten Anker und einem zweiten Anker
über flexible Elemente aufgehängt sind, wobei so-
wohl der erste Anker als auch der zweite Anker an
dem Substrat fest angebracht sind und wobei die
flexiblen Elemente eine Bewegung des optischen
Beugungselements zwischen der ersten Position
und der zweiten Position zulassen.

11. Optischer Schalter nach Anspruch 4, wobei die Strei-
fen in die zweite Position vorgespannt sind und wo-
bei eine Elektrode den Streifen benachbart angeord-
net ist, um die Streifen in die erste Position zu be-
wegen.

12. Optischer Schalter nach Anspruch 4, wobei die Strei-
fen linear und zu einer Linie im Wesentlichen senk-
recht sind, die einen Winkel θp zwischen der die erste
Richtung enthaltenden Ebene und der die zweite
Richtung enthaltenden Ebene in zweiteilt.
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13. Optischer Schalter nach Anspruch 4, der ferner
Querverbindungen aufweist, die zwischen den Strei-
fen gebildet sind.

14. Optischer Schalter nach Anspruch 4, wobei die Strei-
fen aus einem Material gebildet sind, das aus der
Gruppe ausgewählt ist, die aus amorphem Silicium,
kristallinem Silicium und Polysilicium besteht.

15. Optischer Schalter nach Anspruch 4, wobei die Strei-
fen aus einem Material gebildet sind, das aus der
Gruppe ausgewählt ist, die aus Aluminiumoxid, Sa-
phir, Siliciumnitrid und einer Polysilicium-/Polyger-
maniumlegierung besteht.

16. Optischer Schalter nach Anspruch 4, wobei die Strei-
fen eine Brechzahl haben, die höher als diejenige
des Substrats ist.

17. Optischer Schalter nach Anspruch 4, wobei die Strei-
fen eine Dicke von mehr als 1 Pm haben.

18. Optischer Schalter nach Anspruch 17, wobei die
Streifen eine Dicke haben, die so gewählt ist, dass
die Intensität des optischen Signals in der zweiten
Richtung maximiert wird.

19. Optischer Schalter nach Anspruch 4, wobei die Strei-
fenbreite so gewählt ist, dass die Intensität des op-
tischen Signals in der zweiten Richtung maximiert
wird.

20. Optischer Schalter nach Anspruch 1, wobei das op-
tische Beugungselement, wenn es sich in der zwei-
ten Position befindet, in physischem Kontakt mit der
oberen Oberfläche des Substrats ist.

21. Optischer Schalter nach Anspruch 1, wobei das sich
in der zweiten Richtung fortpflanzende optische Si-
gnal sich unter innerer Totalreflexion fortpflanzt.

22. Optischer Schalter nach Anspruch 1, wobei das op-
tische Signal von der oberen Oberfläche des Sub-
strats unter innerer Totalreflexion reflektiert wird.

23. Optischer Schalter nach Anspruch 1, wobei das op-
tische Signal von der oberen Oberfläche und einer
unteren Oberfläche des Substrats unter innerer To-
talreflexion reflektiert wird.

24. Optischer Schalter nach Anspruch 1, wobei das op-
tische Beugungselement aus einem im Wesentli-
chen transparenten optischen Material besteht.

25. Optischer Schalter nach Anspruch 1, wobei das op-
tische Beugungselement wirksam ist, indem es die
innere Totalreflexion beeinflusst.

26. Optischer Schalter nach Anspruch 1, wobei das op-
tische Beugungselement aus einer Vielzahl von
Streifen gebildet ist, die ein Beugungsgitter bilden,
wobei jeder Streifen eine solche Breite und eine die-
ser zugeordnete Abstandsdistanz hat, dass die Brei-
ten und die Abstandsdistanzen für die Streifen vari-
ieren.

27. Optischer Schalter nach Anspruch 12, wobei θp zwi-
schen ungefähr 90° und ungefähr 145° ist.

Revendications

1. Commutateur optique, comprenant :

- un substrat (202) pour transmettre un signal
optique à travers le substrat ;
- un élément optique de diffraction (100, 200)
disposé au dessus d’une surface supérieure du
substrat et mobile par rapport à celle ci entre
une première position en dehors d’un couplage
de champ évanescent avec le signal optique de
telle façon que le signal optique poursuive sa
propagation de façon non altérée dans une pre-
mière direction et une seconde position dans le
couplage de champ évanescent avec le signal
optique pour modifier la propagation du signal
optique dans une seconde direction ;

caractérisé en ce que :

- ledit signal optique se propage dans le substrat
dans la première direction de propagation le
long d’un premier plan normal au substrat selon
une réflexion interne totale ; et
- l’élément optique de diffraction (100, 200) dans
sa seconde position sert à diffracter ledit signal
optique de telle façon que le signal optique se
propage dans le substrat selon la seconde di-
rection le long d’un second plan normal au subs-
trat faisant un angle aigu (α) avec le premier
plan.

2. Commutateur optique selon la revendication 1, dans
lequel le substrat est formé d’un matériau choisi dans
le groupe comprenant le quartz et le saphir.

3. Commutateur optique selon la revendication 1, dans
lequel l’élément optique de diffraction est un élément
optique holographique.

4. Commutateur optique selon la revendication 1, dans
lequel ledit élément optique de diffraction est formé
d’une pluralité de bandes formant une grille de dif-
fraction, chaque bande ayant une largeur sensible-
ment égale et chacune des bandes étant espacée
d’une valeur sensiblement égale.
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5. Commutateur optique selon la revendication 4, dans
lequel la largeur est sensiblement identique à l’es-
pacement.

6. Commutateur optique selon la revendication 4, dans
lequel la grille de diffraction possède une période de
grille ’a’ qui est sensiblement égale à la longueur
d’onde de la lumière du signal optique dans le subs-
trat.

7. Commutateur optique selon la revendication 4, dans
lequel la grille de diffraction possède une période de
grille ’a’ qui est comprise entre 0,5λ et 3λ où λ est
la longueur d’onde du signal optique dans le subs-
trat.

8. Commutateur optique selon la revendication 4, dans
lequel les bandes sont flexibles pour déplacer l’élé-
ment optique de diffraction entre ladite première po-
sition et ladite seconde position.

9. Commutateur optique selon la revendication 8, dans
lequel les bandes sont suspendues à partir d’un an-
crage monté, de façon fixe, sur le substrat.

10. Commutateur optique selon la revendication 4, dans
lequel les bandes sont suspendues à partir du pre-
mier ancrage et d’un second ancrage à l’aide d’élé-
ments flexibles, à la fois, ledit premier ancrage et
ledit second ancrage étant montés, de façon fixe,
sur le substrat et les éléments flexibles autorisant un
déplacement de l’élément optique de diffraction en-
tre ladite première position et ladite seconde posi-
tion.

11. Commutateur optique selon la revendication 4, dans
lequel les bandes sont polarisées dans la seconde
position et dans lequel une électrode est disposée
adjacente aux bandes pour déplacer les bandes
dans la première position.

12. Commutateur optique selon la revendication 4, dans
lequel les bandes sont linéaires et sensiblement per-
pendiculaires à une bissectrice d’un angle θp entre
le plan contenant la première direction et le plan con-
tenant la seconde direction.

13. Commutateur optique selon la revendication 4, com-
prenant, de plus, des connexions croisées formées
entre les bandes.

14. Commutateur optique selon la revendication 4, dans
lequel les bandes sont formées d’un matériau choisi
dans le groupe comprenant le silicium amorphe, le
silicium cristallin et le silicium polycristallin.

15. Commutateur optique selon la revendication 4, dans
lequel les bandes sont formées d’un matériau choisi

dans le groupe comprenant l’alumine, le saphir, le
nitrure de silicium et un alliage de silicium/germa-
nium polycristallin.

16. Commutateur optique selon la revendication 4, dans
lequel les bandes ont un indice de réfraction supé-
rieur à celui du substrat.

17. Commutateur optique selon la revendication 4, dans
lequel les bandes ont une épaisseur supérieure à 1
Pm.

18. Commutateur optique selon la revendication 17,
dans lequel les bandes ont une épaisseur sélection-
née pour maximiser l’intensité du signal optique dans
la seconde direction.

19. Commutateur optique selon la revendication 4, dans
lequel la largeur de bande est sélectionnée pour
maximiser l’intensité du signal optique dans la se-
conde direction.

20. Commutateur optique selon la revendication 1, dans
lequel l’élément optique de diffraction est en contact
physique avec la surface supérieure du substrat lors-
qu’il se trouve dans la seconde position.

21. Commutateur optique selon la revendication 1, dans
lequel le signal optique se propageant dans la se-
conde direction le fait selon une réflexion interne to-
tale.

22. Commutateur optique selon la revendication 1, dans
lequel le signal optique est réfléchi hors de la surface
supérieure du substrat selon une réflexion interne
totale.

23. Commutateur optique selon la revendication 1, dans
lequel le signal optique est réfléchi hors de la surface
supérieure et d’une surface inférieure du substrat
selon une réflexion interne totale.

24. Commutateur optique selon la revendication 1, dans
lequel l’élément optique de diffraction est composé
d’un matériau optique sensiblement transparent.

25. Commutateur optique selon la revendication 1, dans
lequel l’élément optique de diffraction fonctionne par
affectation de la réflexion interne totale.

26. Commutateur optique selon la revendication 1, dans
lequel ledit élément optique de diffraction est formé
d’une pluralité de bandes formant une grille de dif-
fraction, chaque bande ayant une largeur et une dis-
tance d’espacement associée ici de telle façon que
les largeurs et les distances d’espacement pour les
bandes varient.
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27. Commutateur optique selon la revendication 12,
dans lequel θp est compris entre environ 90° et en-
viron 145°.
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