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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] The invention is in the field of photonic crystals
and devices for modulating the frequency of electromag-
netic rations.

DESCRIPTION OF THE RELATED ART

[0002] It is a difficult technical problem to create a de-
vice that will shift the frequency of electromagnetic radi-
ation with a significant continuous dynamic range. One
prior attempt to address the problem has been to use
lasers with nonlinear crystals to generate higher harmon-
ics. However, the generated frequencies are at discrete
harmonic steps, rather than having a continuous range.
[0003] Another attempt to approach the problem has
been to use Doppler shifting of frequencies. This produc-
es a continuous shifting of frequencies up or down, but
only allows for a limited range of frequency shift. In ad-
dition, Doppler shifting does not discriminate in its fre-
quency shifting -- all frequencies are shifted by the same
amount.
[0004] A third way to shift electromagnetic frequency
has been to use cavity tuning to shift frequency. However,
cavity tuning may be expensive, and in any event pro-
duces only a limited amount of frequency shift.
[0005] U.S. Patent No. 6,809,856, to Reed et al., de-
scribes a method of modulating frequency of electromag-
netic radiation by inputting the radiation into a photonic
crystal with a shockwave propagating therethrough.
However, the method of propagating a shockwave
through a photonic crystal usually destroys the crystal,
rendering the method suitable for one-time use only. In
addition, the propagating shockwave creates undesira-
ble noise in the radiation output by the photonic crystal.
[0006] From the foregoing it may be seen that there is
room for improvement in the field of frequency modula-
tion.

SUMMARY OF THE INVENTION

[0007] According to an aspect of the invention, a meth-
od of modifying frequency of electromagnetic radiation
includes the steps of: generating an acoustic pulse in a
photonic band gap structure that has an internally con-
structed stationary shockwave; inputting the electromag-
netic radiation into the photonic band gap structure; and
modulating the electromagnetic radiation through action
of the acoustic pulse while the electromagnetic radiation
is retained at the stationary shockwave.
[0008] According to another aspect of the invention,
an electromagnetic radiation frequency modulation de-
vice includes: a photonic band gap structure having a
stationary shockwave therein; and an acoustic pulse gen-

erator coupled to the photonic band gap structure.
[0009] To the accomplishment of the foregoing and re-
lated ends, the invention comprises the features herein-
after fully described and particularly pointed out in the
claims. The following description and the annexed draw-
ings set forth in detail certain illustrative embodiments of
the invention. These embodiments are indicative, how-
ever, of but a few of the various ways in which the prin-
ciples of the invention may be employed. Other objects,
advantages and novel features of the invention will be-
come apparent from the following detailed description of
the invention when considered in conjunction with the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In the annexed drawings, which are not neces-
sarily to scale:

FIG. 1 is a schematic diagram of frequency modu-
lation device in accordance with an embodiment of
the present invention;
FIG. 2 is a diagram of the photonic band gap struc-
ture of the device of FIG. 1;
FIG. 3 is a schematic diagram of a device for mod-
ulating thermal signature emissions; in accordance
with another embodiment of the present invention;
and
FIG. 4 is a frequency diagram illustrating yet another
embodiment of the present invention, an embodi-
ment involving cascading photonic band gap struc-
tures in a frequency modulation device.

DETAILED DESCRIPTION

[0011] A system and method for modulating the fre-
quency of electromagnetic radiation utilizes a frozen
shockwave structure in a photonic band gap structure.
The frozen shockwave structure provides a discontinuity
in lattice constant that functions as a shockwave, and
that does not shift its position within the structure. In ad-
dition the modulation device or structure includes an
acoustic pulse generator, such as a piezoelectric trans-
ducer coupled to one end of the photonic band gap struc-
ture. The acoustic pulse generator may be driven to pro-
duce a periodic pulse in the photonic band gap structure.
The frozen shockwave, a defect or discontinuity in the
photonic band gap structure, is used to hold incoming
electromagnetic radiation in place. The acoustic pulse
passing through the photonic band gap structure Doppler
shifts the frequency of the radiation, either increasing it
or decreasing it. The frequency-shifted radiation is then
ejected out of the frozen shockwave portion of the pho-
tonic band gap structure. In a one-dimensional configu-
ration, the photonic band gap structure may be made of
alternating layers of material having different indices of
refraction. Two-dimensional and three-dimensional ver-
sions of the photonic band gap structure may also be
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produced.
[0012] Referring now to FIG. 1, a frequency modulation
device or system 10 is shown. The frequency modulation
device 10 includes a photonic band gap structure 12,
coupled at opposite ends to an acoustic pulse generator
14 and to an input/output structure 16. The photonic band
gap structure 12 may be a photonic band gap fiber that
includes a pair of photonic band gap crystals 20 and 22
on opposite sides of a photonic band gap defect 24.
[0013] The photonic band gap defect 24 functions as
a frozen shockwave 26 within the photonic band gap
structure 12. A frozen shockwave, as the term is used
herein, is defined as a fixed pattern in the material that
acts as shockwave, and that has characteristics similar
to that a moving shockwave would have if observed as
a snapshot frozen time. A frozen shockwave is also re-
ferred to herein as a stationary shockwave. The frozen
shockwave 26 is frozen in the sense that it does not move
within the photonic band gap structure 12. The frozen
shockwave 26 remains fixed in spatial location at an in-
terface 28 between the photonic band gap crystals 20
and 22.
[0014] In the one-dimensional configuration shown in
FIG. 1, the photonic band gap crystals 20 and 22 are
each made of alternating layers of materials with different
indices of refraction. The first photonic band gap crystal
20 is made of a series of layers 30 of material, while the
second photonic band gap crystal 22 is made of layers
32 of material. The layers 30 and 32 are generally parallel
to the interface 28 between photonic band gap crystals
20 and 22. The layers 30 may have the same thickness
as the layers 32. As an alternative, the layers 30 may be
thinner or thicker than the layers 32.
[0015] The layers 30 and 32 may be made of alternat-
ing types of dielectric materials having different indices
of refraction. It will be appreciated that a wide variety of
suitable dielectric materials may be employed. Silicon
and silicon dioxide are examples of suitable materials for
the layers 30 and 32. The thicknesses of the layers 30
and 32 may be set at any of a wide variety of values,
depending upon the wavelength of the radiation involved.
Suitable thicknesses would be on the order of the wave-
length of the radiation, from fractions of a micron for vis-
ible light, to microns for infrared radiation, to on the order
of a hundred microns for terahertz-frequency radiation.
[0016] FIG. 2 is a schematic diagram of the photonic
band gap structure 12 in the region of the interface 28
between the photonic band gap crystals 22. The defect
24 may be a local variation in the pattern of the layers 30
and 32 of the photonic band gap crystals 20 and 22. The
first photonic band gap crystal 20 includes the layers 30
with alternating layers of two types, layers 30a and 30b.
The layers 30a are made of a first material having an
index of refraction of n1. The layers 30b are made of a
second material having an index of refraction n2. Simi-
larly, the second photonic band gap crystal 22 has layers
32 of alternating materials, layers 32a and 32b. The lay-
ers 32a and 32b may be made of the same material as

the layers 30a and 30b. The index of refraction between
adjacent layers may be a ratio about 2 or greater, al-
though it will be appreciated that a wide variety of different
ratios of index of refraction are possible depending upon
the desired photonic band gap.
[0017] The layers 30 and 32 may have a dimension d
that is about equal to the wavelength of electromagnetic
radiation that is being modulated. The photonic band gap
defect 24 may be a layer having a different thickness,
causing a variation in the pattern 30 and 32, and produc-
ing the frozen shockwave 26. Thus the lattice spacing
may be varied in the photonic band gap defect 24. This
produces a nearly stepwise discontinuity in the properties
of the photonic band gap structure 12, although to some
extent the material properties, such as the lattice gradi-
ent, about the frozen shockwave 26 may have some
curve or slope that transitions between the discontinuity
and the different values on either side of the frozen shock-
wave 26. The material for the layers 30 and 32 may be
any of a wide variety of suitable materials, such as metals,
glasses, plastics, or combinations of such materials.
[0018] There may be ten or more layers of material in
the region of the frozen shockwave 26. The crystal re-
gions on either side of the frozen shockwave would be
expected to have many more layers of material, such as
one hundred or more layers.
[0019] The photonic band gap defect 24 in effect be-
comes a dynamic squeezed cavity for upward or down-
ward conversion of frequencies of incoming electromag-
netic radiation. The lattice constant of the photonic band
gap structure 12 varies across the interface 28. For a
one-dimensional structure this lattice constant is deter-
mined by the thickness of the layers 30 and 32 of the
photonic band gap crystals 20 and 22. It fixes the band
gap on the two sides of the frozen shockwave 26, which
determines the amount of frequency modulation that may
occur.
[0020] The acoustic pulse generator 14 is in contact
with the first photonic band gap crystal 20. The pulse
generator 14 may include a suitable material for applying
a periodic pulse to the first photonic band gap crystal 20.
The acoustic pulse generator 14 may be a suitable pie-
zoelectric material, for example lead zirconate titanate
(PZT). A periodic electrical pulse or signal 40 may be
sent to the acoustic pulse generator 14 by a suitable driv-
er 36. The periodic signal 40 then causes periodic vibra-
tions in the acoustic pulse generator 14, which in turn
causes transmission and propagation of a periodic
acoustic pulse 44 in the first photonic band gap crystal
20. The frequency of the periodic signal 40 may be any
or a wide range of frequency, depending upon the desired
output frequency rate. The periodic signal may have a
frequency on the order of 1 Hz to 1 MHz, for example. It
will be appreciated that other suitable frequency values
may also be used.
[0021] The acoustic pulse 44 propagates through the
photonic band gap structure 12 as a compression wave.
When the acoustic pulse 44 reaches the frozen shock-
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wave 26, the frozen shockwave 26 experiences transla-
tion and/or compression and decompression in a manner
similar to what would occur due to a moving shockwave
front. The acoustic pulse 44 acts to Doppler shift electro-
magnetic radiation that impinges on the frozen shock-
wave 26, upshifting or downshifting the frequency of the
incoming electromagnetic radiation.
[0022] The pulse generator 14 may be any of a variety
of devices or mechanisms for creating the acoustic pulse
44. For example, a laser pulse may be used to generate
an acoustic pulse in a dielectric material, so a laser may
function as the pulse generator 14. A variety of mechan-
ical devices or mechanisms may be used to produce the
acoustic pulse 44 in the photonic band gap structure 12.
Examples include an impact by an object, an explosion,
or an earthquake. Thus it will be appreciated that the
device and method used herein may be used to detect
impacts, explosions, and/or earthquakes, such as in a
sensor. An output signal may be examined for modulation
consistent with an acoustic pulse caused by an impact,
an explosion, or an earthquake.
[0023] More broadly, the frequency modulation device
10 could be utilized as or in a vibration sensor, where the
vibrations are from any of a variety of sources. The vi-
brations themselves could serve as the acoustic pulse
44 that causes frequency modulation to occur in the pho-
tonic band gap structure 12. The characteristics of the
amount and type of modulation that occur could be de-
pendent on the vibration that produces the acoustic pulse
44. Thus examination of a modulated output signal may
allow information to be obtained regarding the detected
vibration.
[0024] The input/output structure 16 may be any of a
variety of suitable structures propagating an electromag-
netic wave. An example of such structure is an optical
fiber, made from a suitable plastic or silicon compound.
The input/output structure 16 may be attached to the sec-
ond photonic band gap crystal 22 by any of a variety of
suitable methods.
[0025] General operation of the modulation device or
system 10 is now described. An input signal 50 of elec-
tromagnetic radiation proceeds from the input/output
structure 16 through the second photonic band gap crys-
tal 22, and to the frozen shockwave 26 at the photonic
band gap defect 24 (at the interface 28 between the pho-
tonic band gap crystals 20 and 22). The incoming elec-
tromagnetic radiation 50 is captured and retained in the
frozen shockwave 26 for a controlled period of time by
the photonic band gaps of the two regions. The frequency
of the electromagnetic radiation will also be changed,
such as from the bottom of a band gap of the structure
12 to the top of the band gap structure 12, or vice versa.
The amount of frequency conversion in the photonic band
gap structure 12 will be tunable by adjusting the band
gap size, such as by varying the thickness and/or the
composition of the layers 30 and 32. The Doppler shifting
caused by the acoustic pulse 44 also affects the frequen-
cy shifting that occurs at the frozen shockwave 26. Var-

ying the frequency of the acoustic pulse 44 affects the
amount of frequency shifting. The bandwidth of the input
signals 50 may also be increased or decreased within
the frozen shockwave 26.
[0026] The acoustic pulse 44 causes the frequency of
the electromagnetic radiation to increase until the radia-
tion is no longer constrained by the band gap defect, at
which time it is ejected as outgoing electromagnetic ra-
diation 52. The combined action of the frozen shockwave
26 and the acoustic pulse 44 causes modulation of the
incoming electromagnetic radiation 50, and ejection of it
as the outgoing electromagnetic radiation 52. The out-
going radiation 52 may have its frequency shifted from
that of the incoming electromagnetic radiation 50. The
shift in frequency may be as much as about 15-20% of
the incoming frequency, for example, depending upon
the bandgap sizes.
[0027] The outgoing radiation 52 also may be modu-
lated in ways other than a simple shift in frequency. This
may serve to narrow or widen the frequency range of the
outgoing radiation 52 relative to that of the incoming ra-
diation 50. Thus narrow band radiation may be converted
to wide band radiation, or vice versa.
[0028] Another possible use for the device 10 and
method 20 described above is in modulating thermal sig-
nature emissions from objects. It will be appreciated that
it may be desirable to alter the thermal signature of ob-
jects, the wavelengths of radiation naturally given off by
an object of a given temperature and composition. Alter-
ing the thermal signature makes the object harder to de-
tect, such as by infrared (IR) detection methods. If Planck
radiation is used as input electromagnetic radiation to
the device 10, the device 10 compresses and shifts the
spectrum of the input radiation, which may be useful for
thermal signature control.
[0029] FIG. 3 illustrates use of the device 10 for mod-
ulating thermal signature emissions. Planck energy 60,
thermal energy generated from an object, is the input
electromagnetic radiation. It is modulated by the device
10 into narrow band output electromagnetic radiation 62.
Surface structures that emit thermal IR radiation may be
covered with devices that employ the concept of the de-
vice 10, in order to modulate emitted radiation in real
time. Material containing the frozen shockwaves may be
part of the surface of the structural material.
[0030] In compressing the spectrum of electromagnet-
ic radiation, higher frequency radiation may have its fre-
quency relatively unchanged. Lower frequency radiation
may have its frequency shifted upward more, as much
as to the frequency of the higher frequency radiation.
[0031] Two or more frequency modulation devices 10
may be cascaded together (coupled in series) to obtain
a greater amount of frequency shift. The devices 10 may
be coupled together such that the electromagnetic radi-
ation output from one device becomes the input electro-
magnetic radiation for a second device. This cascading
may allow achievement of greater frequency shifts than
is possible with use of a single device. In addition, cas-

5 6 



EP 2 082 284 B1

5

5

10

15

20

25

30

35

40

45

50

55

cading multiple devices together may allow for greater
flexible in other types of frequency modulation, such as
narrowing or widening the frequency bandwidth of elec-
tromagnetic radiation. Frequency shifting to terahertz
(THz) levels may be accomplishable with such cascad-
ing.
[0032] Cascading of frozen shockwave devices is il-
lustrated in FIG. 4, where a cascade system 80 includes
a pair of photonic band gap crystal structures 82 and 84,
which may be similar in structure to the photonic band
gap structure 12 (FIG. 1) described above. An input elec-
tromagnetic radiation signal 86 from an electromagnetic
radiation source 88, such as a laser, is modulated by the
first photonic crystal 82 to produce an intermediate signal
90 of increased frequency. This intermediate signal 90
is then introduced into the second photonic crystal struc-
ture 84, which further increases the frequency to that of
an output signal 92.
[0033] It will be appreciated that cascading such as
that shown in the cascade system 80 may involve more
than two stages, allowing for greater manipulation of the
output signal (such as greater increases or decreases in
frequency of the output signal). Timing of the various
acoustic pulses may be controlled to coincide with the
arrival of input signals at each additional level of a cas-
cading system.
[0034] It will be appreciated that the structures and
methods discussed herein create a wide variety of op-
portunities modulation of optical signals.
[0035] The device and method have been described
above with regard to one-dimensional frequency modu-
lation. It will be appreciated the device and method are
applicable to two-dimensional and three-dimensional
structures and methods, with suitable modifications. For
example, a spherical structure with a central frozen
shockwave could be constructed.
[0036] Although the invention has been shown and de-
scribed with respect to a certain embodiment or embod-
iments, it is obvious that equivalent alterations and mod-
ifications will occur to others skilled in the art upon the
reading and understanding of this specification and the
annexed drawings. In particular regard to the various
functions performed by the above described elements
(components, assemblies, devices, compositions, etc.),
the terms (including a reference to a "means") used to
describe such elements are intended to correspond, un-
less otherwise indicated, to any element which performs
the specified function of the described element (i.e., that
is functionally equivalent), even though not structurally
equivalent to the disclosed structure which performs the
function in the herein illustrated exemplary embodiment
or embodiments of the invention.

Claims

1. A method of modifying frequency of electromagnetic
radiation, the method comprising:

generating an acoustic pulse (44) in a photonic
band gap structure (12) that has an internally
constructed stationary shockwave (26);
inputting the electromagnetic radiation into the
photonic band gap structure; and
modulating the electromagnetic radiation
through action of the acoustic pulse while the
electromagnetic radiation is retained at the sta-
tionary shockwave.

2. The method of claim 1, wherein the modulating in-
cludes narrowing the frequency band of the electro-
magnetic radiation.

3. The method of claim 1 or claim 2, wherein the gen-
erating includes generating the acoustic pulse with
a piezoelectric material (14) that is coupled to the
photonic band gap structure.

4. The method of any of claims 1 to 3,
wherein the inputting includes inputting thermal ra-
diation from an object operatively coupled to the pho-
tonic band gap structure; and
wherein the method of modifying frequency is at least
part of a method of altering a thermal signature of
the object.

5. The method of any of claims 1 to 4, wherein the mod-
ulating includes modulating the electromagnetic ra-
diation by passing it into one or more additional pho-
tonic band gap structures, each having a stationary
shockwave therein, wherein the photonic band gap
structures are coupled in series.

6. An electromagnetic radiation frequency modulation
device (12) for carrying out the method of any of
claims 1 to 5, the device comprising:

the photonic band gap structure having the sta-
tionary shockwave therein; and an acoustic
pulse generator (14) coupled to the photonic
band gap structure.

7. The device of claim 6,
wherein the photonic band gap structure is a one-
dimensional structure; wherein the photonic band
gap structure includes alternating layers of materials
(30 and 32) with different indices of refraction; and
wherein the stationary shockwave is a discontinuity
(24) in the layers.

8. The device of claim 6 or claim 7, wherein the acoustic
pulse generator includes a piezoelectric material
connected to the photonic band gap structure.

9. The device of any of claims 6 to 8,
further comprising an optical fiber (16) connected to
the photonic band gap structure;
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wherein the acoustic pulse generator and the optical
fibers are connected to opposite respective ends of
the photonic band gap structure.

10. The device of claim 6, wherein the photonic band
gap structure is a multi-dimension structure.

11. The device of any of claims 6 to 10,
further comprising an additional photonic band gap
structure that includes an additional stationary
shockwave;
wherein the photonic gap structures are coupled in
series to act sequentially to modulate frequency of
input electromagnetic radiation.

Patentansprüche

1. Verfahren zum Modifizieren einer Frequenz von
elektromagnetischer Strahlung, wobei das Verfah-
ren Folgendes umfasst:

Erzeugen eines akustischen Pulses (44) in einer
Photonische-Bandlücken-Struktur (12), die eine
intern konstruierte stehende Stoßwelle (26) auf-
weist;
Einführen der elektromagnetischen Strahlung in
die Photonische-Bandlücken-Struktur; und
Modulieren der elektromagnetischen Strahlung
durch eine Wirkung des akustischen Pulses,
während die elektromagnetische Strahlung an
der stehenden Stoßwelle zurückgehalten wird.

2. Verfahren nach Anspruch 1, wobei das Modulieren
Einengen des Frequenzbandes der elektromagneti-
schen Strahlung beinhaltet.

3. Verfahren nach Anspruch 1 oder 2, wobei das Er-
zeugen Erzeugen des akustischen Pulses mit einem
piezoelektrischen Material (14) beinhaltet, das mit
der Photonische-Bandlücken-Struktur gekoppelt ist.

4. Verfahren nach einem der Ansprüche 1 bis 3,
wobei das Einführen Einführen von thermischer
Strahlung von einem Objekt beinhaltet, das mit der
Photonische-Bandlücken-Struktur wirkgekoppelt
ist; und
wobei das Verfahren zum Modifizieren einer Fre-
quenz wenigstens Teil eines Verfahrens zum Ver-
ändern einer thermischen Signatur des Objekts ist.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei
das Modulieren Modulieren der elektromagneti-
schen Strahlung dadurch beinhaltet, dass sie in eine
oder mehrere zusätzliche Photonische-Bandlücken-
Strukturen geleitet wird, die jeweils eine stehende
Stoßwelle darin aufweisen, wobei die Photonische-
Bandlücken-Strukturen in Reihe gekoppelt sind.

6. Frequenzmodulationsvorrichtung (12) für elektro-
magnetische Strahlung zum Ausführen des Verfah-
rens nach einem der Ansprüche 1 bis 5, wobei die
Vorrichtung Folgendes umfasst:

die Photonische-Bandlücken-Struktur mit der
stehenden Stoßwelle darin; und
einen Akustischer-Puls-Generator (14), der mit
der Photonische-Bandlücken-Struktur gekop-
pelt ist.

7. Vorrichtung nach Anspruch 6,
wobei die Photonische-Bandlücken-Struktur eine
eindimensionale Struktur ist;
wobei die Photonische-Bandlücken-Struktur sich
abwechselnde Schichten aus Materialen (30 und 32)
mit unterschiedlichen Brechungsindizes beinhaltet;
und wobei die stehende Stoßwelle eine Unstetigkeit
(24) in den Schichten ist.

8. Vorrichtung nach Anspruch 6 oder 7, wobei der
Akustischer-Puls-Generator ein piezoelektrisches
Material beinhaltet, das mit der Photonische-Band-
lücken-Struktur verbunden ist.

9. Vorrichtung nach einem der Ansprüche 6 bis 8, die
ferner eine optische Faser (16) umfasst, die mit der
Photonische-Bandlücken-Struktur verbunden ist;
wobei der Akustischer-Puls-Generator und die opti-
schen Fasern mit jeweils gegenüberliegenden En-
den der Photonische-Bandlücken-Struktur verbun-
den sind.

10. Vorrichtung nach Anspruch 6, wobei die Photoni-
sche-Bandlücken-Struktur eine mehrdimensionale
Struktur ist.

11. Vorrichtung nach einem der Ansprüche 6 bis 10, die
ferner eine zusätzliche Photonische-Bandlücken-
Struktur umfasst, die eine zusätzliche stehende
Stoßwelle beinhaltet;
wobei die Photonische-Bandlücken-Strukturen in
Reihe gekoppelt sind, um sequenziell zum Modulie-
ren einer Frequenz einer eingeführten elektromag-
netischen Strahlung zu wirken.

Revendications

1. Procédé pour modifier une fréquence d’un rayonne-
ment électromagnétique, lequel procédé consiste à :

générer une impulsion acoustique (44) dans une
structure d’espace de bande photonique (12)
qui comprend une onde de choc stationnaire
construite en interne (26) ;
entrer le rayonnement électromagnétique dans
la structure d’espace de bande photonique ; et

9 10 



EP 2 082 284 B1

7

5

10

15

20

25

30

35

40

45

50

55

moduler le rayonnement électromagnétique par
une action de l’impulsion acoustique pendant
que le rayonnement électromagnétique est re-
tenu au niveau de l’onde de choc stationnaire.

2. Procédé selon la revendication 1, dans lequel la mo-
dulation consiste à rétrécir la bande de fréquence
du rayonnement électromagnétique.

3. Procédé selon la revendication 1 ou 2, dans lequel
la génération consiste à générer l’impulsion acous-
tique avec un matériau piézoélectrique (14) qui est
couplé à la structure d’espace de bande photonique.

4. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel :

l’entrée consiste à entrer un rayonnement ther-
mique depuis un objet couplé fonctionnellement
à la structure d’espace de bande photonique ; et
lequel procédé de modification de fréquence est
en partie au moins un procédé pour modifier une
signature thermique de l’objet.

5. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel la modulation consiste à moduler
le rayonnement électromagnétique en le faisant pas-
ser dans une ou plusieurs structures d’espace de
bande photonique supplémentaires comportant
chacune une onde de choc stationnaire, lesquelles
structures d’espace de bande photonique sont cou-
plées en série.

6. Dispositif de modulation de fréquence de rayonne-
ment électromagnétique (12) pour mettre en oeuvre
le procédé selon l’une quelconque des revendica-
tions 1 à 5, lequel dispositif comprend :

une structure d’espace de bande photonique
comportant l’onde de choc stationnaire ; et
un générateur d’impulsion acoustique (14) cou-
plé à la structure d’espace de bande photonique.

7. Dispositif selon la revendication 6, dans lequel :

la structure d’espace de bande photonique est
une structure unidimensionnelle ;
la structure d’espace de bande photonique com-
prend des couches alternantes de matériaux
(30, 32) ayant différents indices de réfraction ; et
l’onde de choc stationnaire est une discontinuité
(24) dans les couches.

8. Dispositif selon la revendication 6 ou 7, dans lequel
le générateur d’impulsion acoustique comprend un
matériau piézoélectrique couplé à la structure d’es-
pace de bande photonique.

9. Dispositif selon l’une quelconque des revendications
6 à 8,
comprenant en outre une fibre optique (16) connec-
tée à la structure d’espace de bande photonique ;
dans lequel le générateur d’impulsion acoustique et
les fibres optiques sont connectés à des extrémités
opposées respectives de la structure d’espace de
bande photonique.

10. Dispositif selon la revendication 6, dans lequel la
structure d’espace de bande photonique est une
structure multidimensionnelle.

11. Dispositif selon l’une quelconque des revendications
6 à 10,
comprenant en outre une structure d’espace de ban-
de photonique supplémentaire comprenant une on-
de de choc stationnaire supplémentaire ; et
dans lequel les structures d’espace de bande pho-
tonique sont couplées en série pour agir séquentiel-
lement afin de moduler la fréquence du rayonnement
électromagnétique d’entrée.
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