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(57) ABSTRACT 

A device for tuning the propagation of electromagnetic 
energy. The device includes a ?rst and a second periodic 
dielectric structure. One of the periodic dielectric structures 
is movable With respect to the other periodic dielectric 
structure to modify a composite propagating Wave charac 
teristic of the device. 
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DEVICE FOR TUNING THE PROPAGATION OF 
ELECTROMAGNETIC ENERGY 

FIELD OF THE INVENTION 

[0001] The present invention relates to periodic dielectric 
structures, generally, and more particularly to a device for 
tuning the propagation of electromagnetic energy. 

BACKGROUND OF THE INVENTION 

[0002] Numerous applications have been devised for pho 
tonic crystals. Aphotonic crystal exhibits propagating Wave 
characteristics (as described, for example, With a photonic 
band structure) for controlling the propagation of electro 
magnetic (“EM”) energy therethrough. Aphotonic crystal is 
realiZed by a three-dimensional dielectric structure having 
periodic variations in its refractive index. These periodic 
variations may be formed in one-, tWo- or all three-dimen 
sions of the dielectric structure. As such, a photonic crystal 
may control the propagation of EM energy, in any direction, 
through the periodic dielectric structure. 

[0003] One application of increasing interest for photonic 
crystals is a device for controlling the propagation of EM 
energy. The propagating Wave characteristics of a periodic 
dielectric structure may include a photonic bandgap, for a 
speci?c orientation (i.e., direction) of the propagation of the 
received EM energy. Aphotonic bandgap suppresses a band 
of Wavelengths from propagating through a photonic crystal. 
Photonic crystals and their periodic dielectric structures, 
however, are static elements. A periodic dielectric struc 
ture’s propagating Wave characteristics and photonic band 
gap are ?xed. Consequently, the propagating Wave charac 
teristics may not be altered Without modifying the periodic 
dielectric structure. 

[0004] Several solutions have been proposed to alter or 
tune the propagating Wave characteristics of a photonic 
crystal by modifying the periodic dielectric structure. These 
solutions heat or stretch the periodic dielectric structure, for 
example, to arrive at the desired propagating Wave charac 
teristics. Heating or stretching the periodic dielectric struc 
ture, hoWever, requires too much time for some applications. 

[0005] Consequently, a demand exists for a device for 
controlling the propagation of EM energy using a photonic 
crystal in Which the periodic dielectric structure is tuned 
expeditiously. 

SUMMARY OF THE INVENTION 

[0006] In accordance With the present invention, We have 
solved the aforementioned problems of the prior art by 
employing a ?rst and a second periodic dielectric structure, 
one of Which is movable With respect to the other. For 
present purposes, the term movable and its derivatives 
means mechanically moving, positioning and/or rotating one 
periodic dielectric structure With respect to the other, in 
contradistinction to the prior approach of heating or stretch 
ing the periodic dielectric structure. Each periodic dielectric 
structure exhibits propagating Wave characteristics. For the 
purposes of the present invention, the propagating Wave 
characteristics of periodic dielectric structure include, but 
are not limited to re?ectivity, transmissivity, Waveguiding, 
and refractive index. By aligning one periodic dielectric 
structure With the other periodic dielectric structure, a result 
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ant or composite propagating Wave characteristic is created. 
Consequently, as one dielectric structure is moved With 
respect to the other, the composite propagating Wave char 
acteristic is altered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention Will be better understood 
from reading the folloWing description of non-limiting 
embodiments, With reference to the attached draWings, 
Wherein beloW: 

[0008] FIGS. 1(a), 1(b) and 1(c) are perspective vieWs of 
knoWn one-, tWo- and three-dimensional photonic crystals; 

[0009] FIG. 2(a) is a cross-sectional vieW and FIG. 2(b) 
is a perspective vieW of an embodiment of the present 
invention; 

[0010] FIGS. 3(a) is an exploded cross-sectional vieW and 
FIG. 3(b) is a perspective vieW of a second embodiment of 
the present invention; and 

[0011] FIGS. 4(a), 4(b) and 4(c) are tops vieWs of exem 
plary tWo-dimensional photonic crystals. 

[0012] It should be emphasiZed that the draWings of the 
instant application are not to scale but are merely schematic 
representations, and thus are not intended to portray the 
speci?c parameters or the structural details of the invention, 
Which can be determined by one of skill in the art by 
examination of the information herein. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

[0013] Photonic crystals exhibiting propagating Wave 
characteristics and photonic bandgaps therein are knoWn. 
For example, see P. S. J. Russell, “Photonic Band Gaps, 
”Physics World, Volume 37, August 1992, I. Amato, 
“Designing Crystals That Say No To Photonics,”Science, 
Volume 255, p. 1512 (1993), J. Joannopoulos et al., “Pho 
tonic Crystals: Molding the FloW of Light,” Princeton Uni 
versity Press (1995), US. Pat. No. 5,389,943 issued on Feb. 
14, 1995 to Brommer et al., US. Pat. No. 5,471,180 issued 
on Nov. 28, 1995 to Brommer et al, and US. Pat. No. 
5,999,308 issued on Dec. 7, 1999 to Joannopoulos et al. 

[0014] As shoWn in FIGS. 1(a) through 1(c), photonic 
crystals may be realiZed by various periodic one-, tWo- or 
three-dimensional dielectric structures. One-, tWo- and 
three-dimensional dielectric structures in this context refers 
to the number of dimensions having periodic variations. 
With respect to FIG. 1(a), a periodic one-dimensional 
dielectric structure 10 is shoWn. Structure 10 comprises a 
substrate 14 having a number of identical layers 16—the 
index of refraction of the layers 16 being distinct from that 
of substrate 14. As such, structure 10 exhibits periodic 
variations in its refractive index along its y- axis. Similarly, 
With respect to FIG. 1(a), a periodic tWo- dimensional 
dielectric structure 20 is shoWn. Structure 20 exhibits peri 
odic variations in its refractive index along its x- and y-axes 
as a result of the arrangement of substrate 24 and layers 26. 
A periodic three-dimensional dielectric structure 30 is 
shoWn in FIG. 1(c). Structure 30 exhibits periodic variations 
in its refractive index along its x-, y- and Z-axes from the 
arrangement of substrate 24 and layers 26. 
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[0015] As stated hereinabove, propagating Wave charac 
teristics are formed in a dielectric structure exhibiting peri 
odic variations in its refractive index. Propagating Wave 
characteristics may include at least one photonic bandgap, 
depending on the orientation (i.e., direction) of the propa 
gation of the received electromagnetic (“EM”) energy. Con 
sequently, Wavelength bands of EM energy falling Within the 
photonic bandgap are suppressed from propagating through 
the photonic crystal, and thereby re?ected from the photonic 
crystal. In contrast, Wavelength bands of EM energy outside 
the photonic bandgap propagate through the photonic crystal 
according to the crystal’s propagating Wave characteris 
tic(s). 
[0016] EM energy may be re?ected or transmitted at the 
surface of a conventional optical device, depending on its 
boundary conditions. Propagating Wave characteristics or 
photonic band structure, hoWever, expresses the solutions to 
MaxWell’s equations Which satisfy the boundary conditions 
in a photonic crystal. Consequently, by changing the bound 
ary conditions in a photonic crystal, the propagating Wave 
characteristics may be altered such that the propagation of 
EM energy through the photonic crystal may be modi?ed. 

[0017] Referring to FIGS. 2(a) and 2(b), an embodiment 
of the present invention is illustrated. Here, a device 100 is 
shoWn for tunably ?ltering EM energy. Device 100 com 
prises a three-dimensional periodic dielectric structure hav 
ing a resultant or composite propagating Wave characteristic. 
The three-dimensional periodic dielectric structure is 
formed from a number of properly arranged and aligned 
tWo-dimensional periodic dielectric structures. Each tWo 
dimensional periodic dielectric structure has propagating 
Wave characteristics such that the composite propagating 
Wave characteristic is created from the arrangement and 
alignment of the number of tWo-dimensional periodic 
dielectric structures forming the three-dimensional periodic 
dielectric structure. The three-dimensional dielectric struc 
ture is mechanically adjustable to alter the composite propa 
gating Wave characteristics of device 100. By altering the 
composite propagating Wave characteristics of device 100, 
the propagation of EM energy may be controlled or tuned. 

[0018] In contrast With the knoWn art, the three-dimen 
sional dielectric structure of device 100 is mechanically 
adjusted to tunably control the propagation of Wavelength 
bands, )tl through KN, from received EM energy, IIN. Each 
Wavelength band of the received EM energy diffracts from 
device 100 at a unique angle by mechanically adjusting the 
three-dimensional dielectric structure. Consequently, a 
selected Wavelength band, k2, may be directed or steered 
using device 100 to a desired location by manipulating its 
angle of diffraction. The remaining Wavelength bands, K1, 
and )»3 through KN, propagate in directions other than that of 
the desired Wavelength band. If device 100 includes an 
absorbing layer for absorbing the EM energy from Within 
these remaining Wavelength bands, device 100 may function 
as an EM ?lter. In other applications of the present inven 
tion, these remaining Wavelength bands may be ignored or 
employed for additional purposes apparent to skilled artisans 
upon revieWing the instant disclosure. 

[0019] The mechanically adjustable three-dimensional 
dielectric structure of device 100 is formed by at least tWo 
photonic crystals—at least one of the photonic crystals 
having periodic variations in its refractive index along at 
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least tWo of its axes. As illustrated, device 100 comprises 
four (4) photonic crystals, 110, 112, 114 and 116. Each 
photonic crystal, 110, 112, 114 and 116, comprises a periodic 
tWo-dimensional dielectric structure having periodic varia 
tions in its refractive index along the x- and the y-axes. The 
periodic tWo-dimensional variations of photonic crystals, 
110, 112, 114 and 116, may be realiZed by a number of 
periodically spaced scattering elements, defects, cavities or 
voids, 120, 122, 124 and 126, formed Within a respective 
substrate—the index of refraction of the respective substrate 
having a ?rst value, n1, While each of the scattering ele 
ments, defects, cavities or voids, 120, 122, 124 and 126, 
corresponds With a second index of refraction, n2. To realiZe 
the variable diffractive properties of device 100, the shape, 
spacing and dimensions of each of the scattering elements, 
defects, cavities or voids, 120, 122, 124 and 126, is generally 
on the order of the Wavelength of the EM energy. Detailed 
computations can speci?cally determine the nature of the 
structure for the desired application. The number, spacing 
and arrangement of the periodically spaced scattering ele 
ments, defects, cavities or voids, 120, 122, 124 and 126, are 
readily determinable to skilled artisans to derive a desired 
composite propagating Wave characteristic for device 100. 

[0020] The scattering elements, defects, cavities or voids, 
form an array in the x-y plane of each photonic crystal. For 
an exemplary illustration, see FIG. 4(a). The array of 
scattering elements, defects, cavities or voids may be 
arranged to form a circular, rectangular or hexagonal con 
?guration, for example. Moreover, the scattering elements, 
defects, cavities or voids of the array may be identically 
realiZed by any one of a number of shapes—i.e., a circle, 
rectangle or hexagon, for example. 

[0021] Photonic crystals 110, 112, 114 and 116, may have 
identical periodic variations in the x- and y-axes such that 
their structures are equivalent. HoWever, alternate arrange 
ments are also employable. As shoWn, device 100 comprises 
tWo groupings of photonic crystals having identical periodic 
variations in the x- and y-axes. In forming the mechanically 
adjustable three-dimensional dielectric structure, the group 
ings are periodically sequenced. As such, device 100 
includes a ?rst grouping of photonic crystals, 110 and 114, 
having identical periodic variations, as Well as a second 
grouping of photonic crystals, 112 and 116, having identical 
periodic variations. The photonic crystals of each grouping 
move in unison When device 100 is mechanically adjusted. 
Consequently, the mechanically adjustable three-dimen 
sional dielectric structure is also periodic in the Z-axis Within 
the array of scattering elements, defects, voids or cavities. 
Each grouping of photonic crystals is moved in unison by 
the inclusion of a ?rst and second coupling means, 130 and 
140. First and second coupling means, 130 and 140, may be 
realiZed using any one of a number of components apparent 
to skilled artisans, including a brace or bracket, for example. 

[0022] It should be noted that the photonic crystals may be 
closely spaced, such that they effectively abut one another. 
As illustrated, hoWever, 110, 112, 114 and 116, are spaced 
suf?ciently apart to enable air to separate each of the 
crystals. As such, the index of refraction periodically varies 
along the Z-axis (i.e., from a photonic crystal 110 to air to 
second photonic 112 to air, etc.) at any point in the x-y plane 
Within device 100. 

[0023] By their con?guration, each photonic crystal, 110, 
112, 114 and 116, has propagating Wave characteristics in 
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the x- and the y-axes. The propagating Wave characteristics 
of each photonic crystal may exhibit a photonic bandgap in 
the x-y plane. These photonic bandgaps in each plane of a 
periodic dielectric structure are dependent on the orientation 
(i.e., direction) of the propagation of the received EM 
energy. Consequently, the mechanically adjustable three 
dimensional dielectric structure has a variable composite 
propagating Wave characteristic, Which may include a pho 
tonic bandgap in the x-y, y-Z and X-Z planes, depending on 
the vector of the received EM energy. 

[0024] According to the present invention, in contradis 
tinction With the knoWn approach of stretching or heating a 
periodic dielectric structure to derive a desired propagating 
Wave characteristic, each grouping of photonic crystals is 
movable With respect to the other grouping of photonic 
crystals. The movement of each grouping of photonic crys 
tals may be realiZed in the x-, y- and/or Z-directions. Each 
grouping of photonic crystals may be positioned, moved or 
rotated With respect to the other grouping. As such, the 
propagating Wave characteristics of device 100 may be 
altered by varying the position and angular arrangement of 
the mechanically adjustable three-dimensional dielectric 
structure. By mechanically adjusting the groupings of pho 
tonic crystals, the propagating Wave characteristics of device 
100 are altered. In so doing, the propagation Wave charac 
teristics of the received EM energy may be modi?ed (i.e., 
varying the attenuation of bands of EM energy propagation 
through device 100). Moreover, depending on the direction 
and orientation of the received EM energy, the composite 
propagating Wave characteristic may include a photonic 
bandgap. Consequently, device 100 may selectively sup 
press particular Wavelength bands of EM energy propagat 
ing in the direction of the varied photonic bandgap, While 
alloWing other Wavelength bands to propagate through 
device 100 according to the composite propagating Wave 
characteristic. 

[0025] In one example of present invention, photonic 
crystals, 110, 112, 114 and 116, are each rotatable about an 
axis 150 in the direction of the received EM energy (i.e., the 
Z-axis). Here, rotating one grouping of photonic crystals 
With respect to the other grouping modi?es propagating 
Wave characteristics of device 100. The ?rst and second 
coupling means, 130 and 140, are realiZed and shaped to 
enable full rotation of photonic crystals 110 and 114, With 
respect to photonic crystals 112 and 116. Photonic crystals, 
110, 112, 114 and 116, may also have rounded corners (not 
shoWn) to facilitate full rotation. The degree of relative 
rotation of the groupings of photonic crystals corresponds 
With the propagation of certain Wavelength bands, as Well as 
the suppression of other Wavelength bands from received 
EM energy. As such, the rotational movement of device 100 
tunably ?lters received EM energy. 

[0026] The positioning, moving or rotating of each group 
ing of photonic crystals Within device 100 may be realiZed 
by various means knoWn to skilled artisans upon revieWing 
the instant disclosure. These means include (not shoWn), 
including, for example, a motor or pieZoelectric element. 
Moreover, a feedback loop may also be incorporated to 
insure the arrangement of each grouping of photonic crystals 
creates the desired propagating Wave characteristics. 

[0027] Referring to FIGS. 3(a) and 3(b), a second embodi 
ment of the present invention is illustrated. Here, a tunable 
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Waveguide 200 is shoWn for shaping the mode of a received 
pulse of EM energy. Tunable Waveguide 200 comprises a 
three-dimensional dielectric structure having a composite 
propagating Wave characteristic, as generally disclosed here 
inabove With respect to device 100 of FIGS. 2(a) and 2(b). 
This three-dimensional dielectric structure is mechanically 
adjustable to alter the composite propagating Wave charac 
teristic and the diffractive properties of tunable Waveguide 
200. By altering the propagating Wave characteristics, the 
characteristics of the propagating mode Within a Waveguide 
of tunable Waveguide 200 may be changed. These charac 
teristics include, but are not limited to mode shape, effective 
index of propagation, chromatic dispersion, and polariZa 
tion. 

[0028] Tunable Waveguide 200 shapes the mode of a 
received pulse of EM energy by employing at least tWo 
proximately spaced photonic crystals formed around a 
Waveguide 280. As illustrated, tunable Waveguide 200 com 
prises four (4) photonic crystals 210, 212, 214 and 216, each 
of Which is aligned to be rotated about Waveguide 280. The 
photonic crystals of tunable Waveguide 200 each comprise 
periodic variations in their x- and y-axes, as Well as a 
non-periodic defect or channel through Which Waveguide 
280 is formed. Consequently, the characteristics of the 
propagating mode of a received pulse propagating through 
Waveguide 280 may be altered in response to the relative 
position of photonic crystals, 210, 212, 214 and 216—for 
example, the EM pulse propagating through Waveguide 280 
may be shaped in both the longitudinal and transverse 
planes. 

[0029] The periodic tWo-dimensional variations of photo 
nic crystals, 210, 212, 214 and 216, may be realiZed by a 
number of periodically spaced scattering elements, defects, 
cavities or voids, 220, 222, 224 and 226, formed Within a 
respective substrate. To realiZe the variable diffractive prop 
erties of device 200, the shape, spacing and dimensions of 
each of the scattering elements, defects, cavities or voids, 
120, 122, 124 and 126, is generally on the order of the 
Wavelength of the pulse of EM energy received. The num 
ber, spacing and arrangement of the periodically spaced 
scattering elements, defects, cavities or voids, 220, 222, 224 
and 226, are readily determinable to skilled artisans to derive 
a desired propagating Wave characteristic for device 200. 

[0030] The scattering elements, defects, cavities or voids, 
form an array in the x-y plane of each photonic crystal. For 
exemplary illustrations, see FIGS. 4(b) and 4(c). The array 
of scattering elements, defects, cavities or voids may be 
arranged to form a circular, rectangular or hexagonal con 
?guration, for example. Moreover, the scattering elements, 
defects, cavities or voids of the array may be identically 
realiZed by any one of a number of shapes—i.e., a circle, 
rectangle or hexagon, for example. 

[0031] Photonic crystals 210, 212, 214 and 216, may have 
identical periodic variations in the x- and y-axes such that 
their structures are equivalent. HoWever, alternate arrange 
ments are also employable. As shoWn, tunable Waveguide 
200 comprises tWo groupings of photonic crystals having 
identical periodic variations in the x- and y-axes. In forming 
the mechanically adjustable three-dimensional dielectric 
structure, the groupings are periodically sequenced. As such, 
tunable Waveguide 200 includes a ?rst grouping of photonic 
crystals, 210 and 214, having identical periodic variations, 
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as Well as a second grouping of photonic crystals, 212 and 
216, having identical periodic variations. The photonic 
crystals of each grouping move in unison When tunable 
Waveguide 100 is mechanically adjusted. Consequently, the 
mechanically adjustable three-dimensional dielectric struc 
ture is also periodic in the Z-axis Within the array of 
scattering elements, defects, voids or cavities. Each group 
ing of photonic crystals is moved in unison by the inclusion 
of a ?rst and second coupling means, 230 and 240. First and 
second coupling means, 230 and 240, may be realiZed using 
any one of a number of components apparent to skilled 
artisans, including a brace or bracket, for example. 

[0032] By their con?guration, each photonic crystal, 210, 
212, 214 and 216, has propagating Wave characteristics in 
the x- and the y-axes. The propagating Wave characteristics 
of each photonic crystal may exhibit at least one photonic 
bandgap in the x-y plane. These photonic bandgaps are 
dependent on the mode of propagation of the received EM 
energy. Consequently, the mechanically adjustable three 
dimensional dielectric structure has a variable composite 
propagating Wave characteristic, Which may include a pho 
tonic bandgap in the x-y, y-Z and X-Z planes, depending on 
the vector and mode of the received pulse of EM energy. 

[0033] According to the present embodiment, each group 
ing of photonic crystals is movable With respect to the other 
grouping of photonic crystals around Waveguide 280. HoW 
ever, it should be apparent that the movement of each 
grouping of photonic crystals may also be realiZed in the x-, 
y- and/or Z-directions. As such, the composite propagating 
Wave characteristic of tunable Waveguide 200 may be 
altered by varying the position and angular arrangement of 
the mechanically adjustable three-dimensional dielectric 
structure. By mechanically adjusting the groupings of pho 
tonic crystals, the composite propagating Wave characteris 
tic of tunable Waveguide 200 is altered. In so doing, the 
shape of the mode of propagation of the received EM pulse 
may be modi?ed. Moreover, depending on the direction and 
orientation of the received EM pulse, the composite propa 
gating Wave characteristic may include a photonic bandgap. 
Consequently, tunable Waveguide 200 may selectively sup 
press particular Wavelength bands of EM energy propagat 
ing in the direction of the varied photonic bandgap, While 
alloWing other Wavelength bands to propagate through tun 
able Waveguide 200 according to the composite propagating 
Wave characteristic. 

[0034] In one example of present invention, photonic 
crystals, 210, 212, 214 and 216, are each rotatable about 
Waveguide 280. Here, rotating one grouping of photonic 
crystals With respect to the other grouping modi?es com 
posite propagating Wave characteristic of tunable Waveguide 
200. The ?rst and second coupling means, 230 and 240, are 
realiZed and shaped to enable full rotation of photonic 
crystals 210 and 214, With respect to photonic crystals 212 
and 216. Photonic crystals, 210, 212, 214 and 216, may also 
have rounded comers, as shoWn in FIG. 4(c), to facilitate 
full rotation. The degree of relative rotation of the groupings 
of photonic crystals corresponds With the propagation of 
certain Wavelength bands, as Well as the suppression of other 
Wavelength bands from received EM pulse. As such, the 
rotational movement of tunable Waveguide 200 shapes the 
mode of the received EM pulse. 

[0035] The positioning, moving or rotating of each group 
ing of photonic crystals Within tunable Waveguide 200 may 
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be realiZed by various means knoWn to skilled artisans upon 
revieWing the instant disclosure. These means include (not 
shoWn), including, for example, a motor or pieZoelectric 
element. Moreover, a feedback loop may also be incorpo 
rated to insure the arrangement of each grouping of photonic 
crystals creates the desired propagating Wave characteristics. 

[0036] It should be noted that the photonic crystals of the 
present invention may be fabricated using various tech 
niques knoWn to skilled artisans. These fabrication methods 
include coupling a dielectric material With a multi-dimen 
sional lattice of cavities or voids having a loWer refractive 
index than the dielectric material. Skilled artisans Will 
recogniZe that the siZe, shape, periodicity of the elements 
Within each of the illustrated dielectric structures, as Well as 
the number of dimensions having periodic variations may be 
modi?ed to obtain a desired result. By executing these 
fabrication steps, the length scale of the periodicity of each 
photonic crystal is desirable smaller than the smallest Wave 
lengths of the received EM energy. As such, the photonic 
crystal may be positioned, moved or rotated With respect to 
each other, to create periodicities at the interface betWeen 
each crystal, Which are greater than the periodicity for each 
photonic crystal. For example, if each photonic crystal 
comprises a glass substrate having a hexagonal array of 
scattering elements, defects, cavities or voids, an in?nite 
number of periodicities are available With differing pitch. 

[0037] While the particular invention has been described 
With reference to illustrative embodiments, this description 
is not meant to be construed in a limiting sense. It is 
understood that although the present invention has been 
described, various modi?cations of the illustrative embodi 
ments, as Well as additional embodiments of the invention, 
Will be apparent to one of ordinary skill in the art upon 
reference to this description Without departing from the 
spirit of the invention, as recited in the claims appended 
hereto. Thus, While the photonic crystals are depicted as 
being periodic tWo-dimensional dielectric structures in 
forming the mechanically adjustable three-dimensional peri 
odic dielectric structure, variations also resulting in a 
mechanically adjustable three-dimensional periodic dielec 
tric structure Will become apparent to skilled artisans upon 
revieW of the instant disclosure. Moreover, While the term 
photonic crystal is employed, the present invention is oper 
able over Wide range of frequencies, including EM energy in 
the visible light, microWave, and radio frequency range, for 
example. Similarly, the present invention is also operable 
With acoustic or pressure Waves, not considered EM in 
nature. Solutions for propagating Wave phenomena based on 
acoustic (phonon) Waves result in phononic band structures 
much like solutions for EM (photonic) Waves result in 
phononic band structures. It is therefore contemplated that 
the appended claims Will cover any such modi?cations or 
embodiments as fall Within the true scope of the invention. 

1. A tunable device comprising: 

at least a ?rst and a second periodic dielectric structure 
aligned to form a composite propagating Wave charac 
teristic for controlling the propagation of electromag 
netic energy, Wherein one of the periodic dielectric 
structures is movable With respect to the other periodic 
dielectric structure to modify the composite propagat 
ing Wave characteristic. 
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2. The tunable device of claim 1, wherein at least one of 
the ?rst and second periodic dielectric structures comprises 
a multi-dimensional dielectric structure having periodic 
variations in at least tWo dimensions. 

3. The tunable device of claim 2, Wherein an array of 
scattering elements, defects, cavities or voids are periodi 
cally spaced on a ?rst and a second aXis of the periodic 
multi-dimensional dielectric structure. 

4. The tunable device of claim 1, Wherein the ?rst periodic 
dielectric structure is rotated With respect to the second 
periodic dielectric structure for tunably steering a Wave 
length band of electromagnetic energy. 

5. The tunable device of claim 1, Wherein the moving of 
the ?rst periodic dielectric structure With respect to the 
second periodic dielectric structure is realiZed by a motor or 
a pieZoelectric element. 

6. A device for tunably controlling the propagation of 
electromagnetic energy, the device comprising: 

at least a ?rst pair of coupled periodic dielectric struc 
tures, each periodic dielectric structure of the ?rst pair 
having at least a ?rst propagating Wave characteristic; 
and 

at least a second pair of coupled periodic dielectric 
structures, each periodic dielectric structure of the 
second pair having at least a second propagating Wave 
characteristic, Wherein one pair of coupled periodic 
dielectric structures is aligned With the other pair of 
coupled periodic dielectric structure to form a resultant 
propagating Wave characteristic for controlling the 
propagation of electromagnetic energy, one pair of 
coupled periodic dielectric structures being movable 
With respect to the other pair of coupled periodic 
dielectric structure to modify the resultant propagating 
Wave characteristic. 

7. The device of claim 6, Wherein the periodic dielectric 
structures of the ?rst and second pairs each have an array of 
scattering elements, defects, cavities or voids. 

8. The device of claim 7, Wherein the array of scattering 
elements, defects, cavities or voids are periodically spaced 
on a ?rst and a second aXis. 

9. The device of claim 6, Wherein the one pair of periodic 
dielectric structures is movable With respect to the other pair 
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of periodic dielectric structures for tunably steering a Wave 
length band of the electromagnetic energy. 

10. The device of claim 6, Wherein the moving of one of 
the pairs of the ?rst periodic dielectric structure With respect 
to the other pair of the periodic dielectric structures is 
realiZed by a motor or a pieZoelectric element. 

11. A method comprising: 

forming a composite propagating Wave characteristic by 
aligning a ?rst periodic dielectric structure having at 
least a ?rst propagating Wave characteristic With a 
second periodic dielectric structure having a second 
propagating Wave characteristic; and 

modifying the composite propagating Wave characteristic 
by moving the ?rst periodic dielectric structure With 
respect to the second dielectric structure. 

12. A tunable Waveguide comprising: 

a Waveguide; and 

at least a ?rst and a second periodic dielectric structure 
aligned to around the Waveguide to form a resultant 
propagating Wave characteristic for shaping the mode 
of electromagnetic energy propagating through the 
Waveguide, Wherein one of the periodic dielectric struc 
tures is movable With respect to the other periodic 
dielectric structure to modify the resultant propagating 
Wave characteristic. 

13. The tunable Waveguide of claim 12, Wherein at least 
one of the ?rst and second periodic dielectric structures 
comprises a periodic multi-dimensional dielectric structure. 

14. The tunable Waveguide of claim 12, Wherein an array 
of scattering elements, defects, cavities or voids are peri 
odically spaced on a ?rst and a second aXis of the periodic 
multi-dimensional dielectric structure. 

15. The tunable Waveguide of claim 12, Wherein the ?rst 
periodic dielectric structure is rotated With respect to the 
second periodic dielectric structure for shaping the mode of 
electromagnetic energy propagating through the Waveguide. 

16. The tunable Waveguide of claim 12, Wherein the 
moving of the ?rst periodic dielectric structure With respect 
to the second periodic dielectric structure is realiZed by a 
motor or a pieZoelectric element. 

* * * * * 


