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SPECTRAL FILTER COMPRISING AT LEAST TWO
COUPLED FABRY-PEROT STRUCTURES

The present invention relates to a spectral filter which comprises at least

two coupled Fabry-Perot structures.

Fabry-Perot structures are well known and widely used for numerous
applications, in particular for optical filtering applications. Each Fabry-Perot
structure has two portions of reflecting surfaces which are positioned parallel to
and facing one another, and at least one of them is partially transmissive. The
structure then resonates when it receives incident electromagnetic radiation of
variable wavelength. This resonance appears when a standing wave maintained
by the incident radiation inside the Fabry-Perot structure, between its two

portions of reflecting surfaces, has a maximum amplitude.

In Fabry-Perot structures of a first known type, each of the two portions
of reflecting surfaces is a portion of an interface between a metal and a dielectric
material. These portions are parallel and arranged facing one another on two
opposite sides of the dielectric material, and one is thin enough to be partially
transmissive. The standing wave which generates the resonant behavior
consists of wave components which propagate perpendicularly to the portions of
metal surfaces. The present invention does not relate to Fabry-Perot structures

of this first type.

In Fabry-Perot structures of another type, also known, each of the two
portions of reflecting surfaces is not composed of an interface between two
different materials. Such a Fabry-Perot structure of this other type may again be
formed by two interfaces, each between a metal and a dielectric material, which
are parallel and arranged facing one another on two opposite sides of the
dielectric material. In this case, the effective refractive index for the dielectric
material is nef, given by nef® = gd4-(1+2-8/h-ed/em) where &4 and em are the
respective dielectric permittivities of the dielectric material and of the metal, the
metal being assumed to be the same for the two interfaces, § is the thickness of

the skin of this metal, and h is the thickness of the dielectric material between
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the two interfaces. The values of the effective refractive index which are thus
obtained can be very high due to plasmons which appear in the metal. The
refractive index which is thus effective inside the dielectric material therefore
exhibits discontinuities at the ends of the metal-dielectric interfaces, going from
the value neft between the two interfaces to the value £4"2 beyond the ends of the
interfaces. The two discontinuities in the refractive index which are thus created
in the dielectric material determine two portions of surfaces which are partially
reflecting, although they are not true interfaces between different materials.
These two portions of partially reflecting surfaces then make it possible to contain
a standing wave in the dielectric material, between the two metal-dielectric
interfaces, the standing wave then propagating in parallel to these metal-
dielectric interfaces. This standing wave can produce resonant behavior, which
can be used for a variety of applications including spectral filtering applications.
The article by M. Makhsiyan et al. which is entitled “Plasmonic nano-antennas
for spectral emissivity engineering”, Proc of SPIE, Vol. 9502, pp. 95020H-1 to
95020H-6, 2015, shows such Fabry-Perot structures which are neighbors on a
common substrate, but which exhibit independent although spectrally close

resonances.

According to yet another known type of Fabry-Perot structures, each
structure consists of a trench which is formed from a flat face of a metal support,
for example of gold. The depth-wise direction of the trench is perpendicular to
the face of the support, and the trench has a profile of rectangular cross-section
in a plane perpendicular to the face of the support, with a trench bottom that is
flat and parallel to the face of the support. The extension of the face of the support
across the opening of the trench, and the bottom of the trench, form the two
portions of reflecting surfaces of such a Fabry-Perot structure. The standing
wave which is maintained by the incident radiation inside the Fabry-Perot
structure consists of wave components which propagate in the trench
perpendicularly to the face of the support, from the face of the support towards
the bottom of the trench and in the opposite direction. The resonance wavelength
is determined by the depth of the trench, and the quality factor of this resonance
depends in particular on the width of the trench. Actually, this third type of Fabry-

Perot structure is a combination of the two presented above, since the bottom of
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the trench is a metal-gas interface which forms one of the portions of reflecting
surfaces which is effective for the standing wave, and the other portion of
reflecting surface which is simultaneously effective for this same standing wave
connects the ends of the opposing walls of the trench at the flat face of the metal
support. This latter portion of the reflecting surface is therefore not formed by an

interface between two different materials.

The article entitled "High-quality-factor double Fabry-Perot plasmonic
nanoresonator”, by B. Fix et al., Optics Letters, Vol. 42, No. 24, pp. 5062-5065,
and published on December 15, 2017, describes arranging two Fabry-Perot
structures in the form of respective trenches close to one another in the face of
a common support. It discloses that a new resonance appears, which can be
referred to as coupling resonance and which is distinct from the individual
resonances of each of the two Fabry-Perot structures. In particular, the
resonance wavelength of the coupling resonance, referred to below as the
coupling resonance wavelength, is different from the resonance wavelengths of
the individual resonances, referred to as the individual resonance wavelengths.
To achieve this, the two Fabry-Perot structures must be different so that their
individual resonance wavelengths are different. The quality factor associated
with the coupling resonance can then be higher, or even much higher, than the
quality factors of the individual resonances of the Fabry-Perot structures. This
gain in terms of quality factor can be advantageous in many applications,

particularly optical filtering applications.

In other words, a plurality of Fabry-Perot structures belonging to a same
group are collectively carried by the face of the support. Each Fabry-Perot
structure comprises two portions of reflecting surfaces which are arranged facing
one another, parallel to one another, and separated from one another inside this
structure by a dielectric medium. Each of the Fabry-Perot structures of the group
is sized so that a wave component of electromagnetic radiation can propagate
between the two portions of reflecting surfaces of this structure, from one to the
other, and so that a standing wave results from multiple reflections of the wave
component which occur in alternation at the two portions of reflecting surfaces.
An individual resonance of each Fabry-Perot structure then corresponds to a

maximum of amplitude of the standing wave inside this structure when a
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wavelength of an electromagnetic radiation incident on the support varies.

In addition, at least one of the portions of reflecting surfaces of each
Fabry-Perot structure of the group is separated from at least one of the portions
of reflecting surfaces of each other structure of the same group by an

intermediate space parallel to the face of the support.

Furthermore, at least one parameter which determines the individual
resonance of each Fabry-Perot structure of the group, separately from each
other Fabry-Perot structure, has values which differ between at least two of the
structures of the same group. These at least two structures thus have respective
values of individual resonance wavelength, effective for the electromagnetic
radiation incident on the support, which are different. Simultaneously, these at
least two Fabry-Perot structures have respective values of an individual
resonance quality factor such that, on a wavelength axis of the incident radiation,
the following ranges of individual resonances: [Ai-(1-3/Qi); Ari-(1+3/Qi)] have a
pairwise overlap, where i is an integer that identifies each Fabry-Perot structure
within the group, and A+ and Qi are respectively the values of the resonance
wavelength and of the quality factor of the individual resonance of Fabry-Perot

structure i.

Also furthermore, a thickness hi of the dielectric medium, which is relative
to Fabry-Perot structure i and measured perpendicularly to the direction of
propagation of the wave components forming the standing wave inside this
Fabry-Perot structure i, is greater than or equal to 0.125-Ar/ nef i, nNefr_i being the
refractive index which is effective for the dielectric medium of Fabry-Perot
structure i. In other words, hi > 0.125-Ari/net i. This condition means that each
Fabry-Perot structure i is under-coupled to the propagation medium which is
external to the spectral filter, so that it has a reflectivity or energy transmissivity
value, depending on whether the spectral filter is intended to be used in reflection
or transmission, which is significantly different from zero. For example, the limit
VLi = 0.125-Aii/nest i may correspond to a reflectivity or energy transmissivity
value, depending on whether the spectral filter is intended for use in reflection or
transmission, of approximately 0.39 for Fabry-Perot structure i at the individual

resonance wavelength A of this structure.
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When these conditions are satisfied, a coupling between two of the
Fabry-Perot structures of the same group, whose individual resonance
wavelength values are different, is produced by the intermediate space which
exists between these two structures. Possibly, a material that is present in this
intermediate space can also contribute to the coupling. An additional condition
for the coupling to be effective is that a separation distance between the two
Fabry-Perot structures thus coupled, which is determined by their intermediate
space parallel to the face of the support, is less than a resonance wavelength
value relating to the coupling, called the coupling resonance wavelength, and
effective for the electromagnetic radiation which is incident on the filter. This
coupling resonance results from interference between at least three waves which

include:

- afirst wave which originates from a reflection of the incident radiation on
the face of the support, or from a transmission of the incident radiation

through the support;

- asecond wave which comes out from a first of the Fabry-Perot structures
of the group, and which results from a superposition of several wave
components among which at least one has completed at least one round
trip inside a second of the Fabry-Perot structures of the same group,

coupled with the first structure; and

- a third wave which comes out from the second of the Fabry-Perot
structures of the group, and which results from another superposition of
several other wave components among which at least one has completed
at least one round trip inside the first of the Fabry-Perot structures of the

group.

The support thus provided with Fabry-Perot structures, some of them
coupled together in the manner just described, possesses a reflection spectrum
which has a minimum. This minimum may be narrow, so that the support can
constitute a spectral filter of improved selectivity in comparison to the respective
individual resonances of the Fabry-Perot structures. This improvement in the
filtering selectivity results from the coupling which exists between some of the

Fabry-Perot structures.
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The condition hi > 0.125- i/ neft_i for i equal to 1 and 2, introduced above,
ensures that the second and third waves which participate in the interference of
at least three waves, have respective amplitudes that are sufficient for the

coupling resonance to exist.

In the case of the article by B. Fix et al. cited above, the group contains
two coupled Fabry-Perot structures, each in the shape of a trench, and the
parameter that determines the individual resonance wavelength of each Fabry-
Perot structure, separately from the other Fabry-Perot structure, is the depth of
the trench. The value of the coupling resonance wavelength is also determined
by the depths of the trenches, but in addition by the separation distance that
exists between these trenches. However, it is particularly difficult to have
sufficient control over the creation of such trenches, which are close to one
another, to obtain a precise desired value for the coupling resonance
wavelength. In addition, the partitions between neighboring trenches can
become fragile when the trenches are very close. The filter which is then

obtained can be particularly sensitive to accidental scratches.

Based on this situation, one object of the invention consists in providing
a new filter which comprises at least one group of Fabry-Perot structures in which
at least some are coupled, and which can be manufactured simply and at low

cost.

An additional object may be that such a filter exhibits greater resistance,

in particular against scratches.

To achieve at least one of these or other objects, a first aspect of the
invention proposes a filter with a plurality of coupled Fabry-Perot structures as
described above, but in which each Fabry-Perot structure comprises two portions
of metal surfaces which are parallel to the face of the support. Each Fabry-Perot
structure further comprises an internal volume which is limited between these
two portions of metal surfaces, perpendicularly to the face of the support, and
limited parallel to the face of the support between opposite edges of at least one
of the two portions of metal surfaces of the structure. These two opposite edges
determine the positions of the portions of reflecting surfaces of the Fabry-Perot

structure, so that the wave components which contribute to the coupling
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resonance propagate parallel to the face of the support inside each of the

coupled Fabry-Perot structures.

A filter according to the invention can therefore be devoid of trenches
extending deep into the support of the filter, so that its manufacture does not
require deep etching of this support. In particular, a filter according to the
invention can be manufactured by implementing only steps of depositing
materials, possibly through appropriate masks, and optionally steps of etching
the materials which have been deposited. This filter can thus have a reduced
cost price compared to a known filter of the prior art based on Fabry-Perot

structures in the form of trenches.

In particular, a filter according to the invention does not have partition
walls between neighboring trenches, so it has greater resistance against

unintentional scratches.

In various embodiments of the invention, the parameter which
determines the individual resonance of each Fabry-Perot structure of the group,
separately from each other Fabry-Perot structure of that group, and which has
values which differ between two structures of the group which are coupled with

each other, may be one of the following:

- a width of the internal volume of each structure, measured parallel to the
face of the support between the portions of reflecting surfaces of this

structure,

- a refractive index of the dielectric medium in the internal volume of each

structure,

- a fill ratio and/or a composition of the dielectric medium in the internal

volume of each structure,
- a coefficient of electromagnetic radiation absorption by each structure,
- or a combination of several of the above parameters.

Such implementations of differentiation between Fabry-Perot structures
which are coupled can easily be implemented, without significantly increasing

the manufacturing complexity or the cost price of the filter.
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Within the filter, the group of Fabry-Perot structures may comprise only
two Fabry-Perot structures which are coupled with each other. Alternatively, it
may comprise three Fabry-Perot structures which are coupled together in pairs,
thus producing two or three coupling resonances, in particular according to their
respective individual resonance wavelength values. In general, the group may
comprise any number of Fabry-Perot structures that is greater than or equal to
two structures, producing as many coupling resonances as there are different

pairs of Fabry-Perot structures which are coupled together within the group.

Advantageously, each Fabry-Perot structure of the group, in particular a
thickness of the internal volume between the two portions of metal surfaces of
this structure, measured perpendicularly to the face of the support, may be
designed so that the value of the individual resonance quality factor of that
structure is less than 20. Simultaneously, the group of Fabry-Perot structures, in
particular the intermediate space between two of the structures of this group
which are coupled, may be designed so that a quality factor associated with the
coupling resonance is greater than 20, preferably greater than 70, or even
greater than 150. In this manner, the filter can have a high selectivity, or a very

high selectivity, produced by at least one of the coupling resonances.

In some advantageous embodiments, in particular embodiments which
are easy to implement, the dielectric medium in the internal volume of each
Fabry-Perot structure may consist of a respective portion of a layer having
parallel faces and uniform thickness, this layer being identical for all structures

of the group and consisting of a solid dielectric material.

Possibly, a pattern comprising the Fabry-Perot structures of the group,
as separated by each intermediate space between two such structures within the

group, may be repeated multiple times on the face of the support.

Then, for embodiments of the invention with a one-dimensional pattern,
at least one of the portions of metal surfaces of each of the Fabry-Perot
structures may be one face of a respective metal strip. In this case, the pattern
which comprises the Fabry-Perot structures of the group may be repeated
multiple times, preferably periodically, in a repeat direction which is parallel to

the face of the support, in the form of separate and parallel metal strips.
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Alternatively, for embodiments of the invention with a two-dimensional
pattern, at least one of the portions of metal surfaces of each Fabry-Perot
structure may have a square, rectangular, circular, elliptical, cross, or L shape,
parallel to the face of the support. In such an alternative case, the pattern which
comprises the group of Fabry-Perot structures may be repeated multiple times
in two repeat directions which are distinct and parallel to the face of the support,
preferably periodically, and preferably both repeat directions are perpendicular
to each other. Possibly, for such embodiments of the invention with a two-
dimensional pattern, the pattern may comprise four Fabry-Perot structures which
are arranged in a 2 x 2 matrix along both repeat directions, thus forming six pairs
of Fabry-Perot structures. Each pair is associated with an intermediate space
between two of the structures of the pattern other than the intermediate space of
every other pair of structures in the pattern, and at least some of the intermediate

spaces produce a coupling between the structures of the corresponding pair.

In general, a spectral filter according to the invention can be adapted for
use in reflection. In this case, the first, second, and third waves are produced by
the filter on one side of the support where the incident radiation reaches the filter.
Alternatively, other spectral filters according to the invention can be adapted for

use in transmission.

The improvement that is proposed now may be adapted in order to
obtain a filter with a steep cut-off and/or with a spectral selection window which
is widened. To this end, the filter may further comprise at least one Fabry-Perot
resonator which has an additional individual resonance, effective for the incident
radiation in addition to each coupling resonance. The accordingly added Fabry-
Perot resonator may be designed so that its individual resonance wavelength
value is shifted relative to at least one coupling resonance wavelength value of
the group of Fabry-Perot structures, and so that this coupling resonance
wavelength value is within the following range for the individual resonance of the
Fabry-Perot resonator: [Ar0-(1-10/Qo); Aro-(1+10/Qo)], where Ao and Qo are
respectively the values of the resonance wavelength and of the quality factor for
the individual resonance of the Fabry-Perot resonator. Thus, a spectral response
profile of the filter, as a function of the wavelength of the incident radiation, results

from a superposition of at least the individual resonance of each Fabry-Perot
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resonator with each coupling resonance of each group of Fabry-Perot structures.
This profile can then have a steeper transition between a cutoff spectral domain
and a windowed spectral domain, compared to a reference filter which would
include the same Fabry-Perot resonator(s) but which would be devoid of the
coupled Fabry-Perot structures. Optionally, the superposition may also include
contributions from the individual resonances of the Fabry-Perot structures of

each group.

Advantageously, for such filters with superposition of resonances, each
Fabry-Perot resonator, in particular a thickness of an internal volume of the
resonator, measured perpendicularly to a direction of a standing wave occurring
in this internal volume, may be designed so that the value of the quality factor of
the individual resonance of this resonator is less than 30. Simultaneously, the
value of the quality factor associated with the coupling resonance wavelength
located within the range [Aro-(1-10/Qo); Aro-(1+10/Qo)] may be greater than 30. In
this manner, the coupling resonance locally modifies the spectral profile
produced by the individual resonance of the Fabry-Perot resonator. It is thus
possible to create, accurately and on demand, a filter whose spectral response

profile corresponds to an imposed specification.

Possibly, the Fabry-Perot resonator may be stacked on one of the Fabry-
Perot structures of the group, in a stacking direction which is perpendicular to
the face of the support. Such embodiments of the invention again are easy to
manufacture, and allow reducing a residual reflection of the filter in its spectral
selection window. Advantageously, a portion of metal layer may be common to
the Fabry-Perot resonator and to the Fabry-Perot structure on which it is stacked.
This common portion of metal layer then constitutes one of the portions of metal

surfaces of the Fabry-Perot structure concerned.

Finally, a second aspect of the invention relates to a method for the
spectral filtering of an electromagnetic radiation, which is implemented using at
least one spectral filter according to the first aspect of the invention. To this end,
the radiation to be filtered must have wavelength values which are larger than
the intermediate space, measured parallel to the face of the support, which exists

between two Fabry-Perot structures of the filter which are coupled with each
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Such a method can be implemented for an application selected from:

monochromatic or multispectral image capture, spectroscopic analysis, and

selective emission of radiation produced by heating of the filter.

Other features and advantages of the invention will become apparent

from the following description of some non-limiting embodiments, with reference

to the accompanying drawings in which:

FIGS. 1a and 1b are cross-sectional views of two types of Fabry-Perot

structures as known prior to the invention;

FIG. 2a is a cross-sectional view of a first embodiment of the invention,

with two Fabry-Perot structures per group;

FIG. 2b is a reflectivity diagram obtained for the embodiment of the

invention of FIG. 23a;

FIG. 3 is a diagram showing variations in the quality factors for an

individual resonance and a coupling resonance of Fabry-Perot structures;

FIG. 4 is a three-dimensional diagram showing the evolution of a
reflectivity spectrum as a function of the thickness of dielectric material,

for embodiments of the invention in accordance with FIG. 2a;

FIGS. 5a and 5b respectively correspond to FIGS. 2a and 2b, for a second

embodiment of the invention with three Fabry-Perot structures per group;

FIG. 6 is a perspective view of a third embodiment of the invention, with

four Fabry-Perot structures per group;

FIG. 7a is a spectral selectivity diagram for a filter in accordance with an

improvement of the invention; and
FIG. 7b is a cross-sectional view of the filter of FIG. 7a.

For clarity, the dimensions of the elements represented in these figures

do not correspond to actual dimensions nor to actual dimensional ratios. In

addition, identical references indicated in different figures designate elements

which are identical or have identical functions.
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First we will recall the roles of several elements and parameters of a
Fabry-Perot structure with reference to FIG. 1a. As shown in this figure, a Fabry-
Perot structure of known type consists of a trench T with a profile of rectangular
cross-section, which is formed in a substrate 10 forming a support. The trench T
extends from a flat face S of the substrate 10. The substrate 10 is made of a
metal material, for example gold. The trench T is laterally delimited by two
opposing portions of metal surfaces, M1 and M2, which connect a bottom of the
trench, denoted R1, to a surface portion R2 superposed on the opening of the
trench T in the face S. The internal volume of the trench T is thus delimited by
the portions of metal surfaces M1 and M2 in a direction parallel to the face S,
and simultaneously by the surface portions R1 and R2 in the direction
perpendicular to the face S. It is filled by a dielectric medium, for example air or
a solid material such as silica (SiO2). In a known manner, when a wave of
electromagnetic radiation Ol is incident on the face S, a wave OR is produced in
reflection, its intensity dependent on the amplitude of a standing wave which
appears in the trench T. This standing wave is the superposition of two wave
components O1 and O2 which propagate in opposite directions inside the trench
T, and which are alternately reflected by surface portions R1 and R2. In addition,
the standing wave is coupled to the incident wave Ol and to the reflected wave
OR through surface portion R2. For this type of Fabry-Perot structures, surface
portion R1 only serves as a mirror, and surface portion R2 serves two functions
as a partially reflecting mirror and as partial transmission between the internal
volume of the trench T and the outside. In a known manner, the resonance
wavelength of such a Fabry-Perot structure is primarily determined by the length
of the path of the standing wave in the internal volume of the trench T, according
to the formula Ar~ 2-nefi-h, where nefr is the effective refractive index of the
dielectric medium in the trench T, and h is the depth of the trench. The quality
factor of this Fabry-Perot structure depends on the percentage that surface
portion R2 occupies in the face S. In other words, it depends on the width w of
the trench T.

FIG. 1b shows another known type of Fabry-Perot structure, which can
be created on the flat face S of the substrate 10, again acting as a support. The

structure now comprises a stack, on the face S, of a layer of a dielectric medium
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11 and of a metal portion 12. For example, the layer 11 may be made of silicon
carbide (SiC) or of silica (SiOz2). It has parallel faces so that the metal portion 12
has a face M2 which is turned towards the substrate 10. The Fabry-Perot
structure is then formed by the metal portion 12, the portion of layer 11 which is
covered by portion 12, and by the portion of the face S which is directly in line
with portion 12. This portion of the face S is denoted M1, because it has the same
role in the Fabry-Perot structure of FIG. 1b as the portion of metal surface M1 in
the Fabry-Perot structure of FIG. 1a. The face of the metal portion 12 which is
oriented towards the substrate 10 is denoted M2, also because analogous to
FIG. 1a. The two portions of surfaces defined from the opposite edges B1 and
B2 of the metal portion 12, and which are perpendicular to the face S, act as
semi-reflecting mirrors for wave components which propagate parallel to the face
S between the portions of metal surfaces M1 and M2, to form a standing wave.
Again because analogous to FIG. 1a, these wave components are denoted O1
and O2, but they propagate parallel to the face S of the substrate 10 in the case
of FIG. 1b, unlike FIG. 1a. Again because analogous, the two portions of surfaces
which reflect the wave components O1 and O2, and which are defined from
edges B1 and B2, are also denoted R1 and R2 and are called portions of
reflecting surfaces. The wave components O1 and O2 which form the standing
wave propagate in the portion of the layer 11 which is covered by metal portion
12. This portion of the layer 11 constitutes the internal volume of the Fabry-Perot
structure of FIG. 1b, denoted V. The resonance wavelength of such a Fabry-
Perot structure is again mainly determined by the path length of the standing
wave in the internal volume of the structure, now corresponding to the formula
Ar = 2-nef-w, where neft is still the effective refractive index for the dielectric
medium in the internal volume V, but w now denotes the width of this internal
volume parallel to the face S, in the direction of propagation of the wave
components O1 and O2 which form the standing wave. The surface portions R1
and R2 now couple the standing wave to the incident wave Ol and to the reflected
wave OR. It is not necessary for layer 11 to extend beyond the portions of
reflecting surfaces R1 and R2, on each side of the internal volume V of the Fabry-
Perot structure. It can be replaced, outside this internal volume V, by air or any

other dielectric material. The quality factor of the resonance of such a Fabry-
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Perot structure, in accordance with FIG. 1b, depends on the thickness h of the
layer 11, meaning the thickness of the internal volume V measured
perpendicularly to the face S, and of the medium/media present near the
reflecting surfaces R1 and R2 outside the internal volume V. In addition, if the
thickness h is greater than the limit value VL = 0.125-A/net, then the Fabry-Perot
structure has an energy reflectivity value which is greater than 0.39 when it
receives the incident wave Ol and the latter has the value Ar for its wavelength.
In this case, the Fabry-Perot structure is said to be under-coupled to the
propagation medium of the Ol and OR waves. If the resonance wavelength i is
equal to 5.25 um (micrometer) and the effective refractive index value neft is equal
to approximately 3.155, then the limit value VL = 0.125-A/nest is substantially
equal to 0.208 pm.

The invention relates to the formation of a spectral filter based on a

plurality of Fabry-Perot structures which are each in accordance with FIG. 1b.

First embodiments of the invention may comprise a group of two Fabry-
Perot structures, designated 1 and 2 in FIG. 2a, and which are carried by the
same metal support 10 which may be of gold, silver, aluminum, etc. The two
structures 1 and 2 are side by side along a direction D which is parallel to the
face S of the support 10 and to the width direction of the internal volume V of
each structure. Each structure 1 (respectively 2) comprises a metal portion 124
(resp. 122), which is located on the layer of dielectric material 11, the latter
possibly still being of silicon carbide and continuous over the entire face S of the
support 10. However, this continuity of the layer 11 is not essential, and it may
be advantageous, for alternative embodiments of the invention, to modify the
composition of the layer 11 in certain areas of the face S, particularly in the
internal volume V of at least one of the two structures 1 and 2, or in the
intermediate space between these structures. As each of the Fabry-Perot
structures 1 and 2 are in accordance with FIG. 1b, the references R1, R2, M1,
M2, B1, and B2 of FIG. 1b identically apply for each structure 1 and 2 of FIG. 2a.
The two metal portions 121 and 122 may each be of the same metal as the
support 10. In addition, the following notations relate separately to one or the

other of the two structures 1 and 2:
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Ar1 : the individual resonance wavelength of Fabry-Perot structure 1,

Q1: the quality factor of the individual resonance of Fabry-Perot structure
1,

wi1: the width of metal portion 121 along direction D,

nerr 1. the effective refractive index for the dielectric medium in the
internal volume V of Fabry-Perot structure 1, occupied by layer 11 in

the example considered,
A2 : the individual resonance wavelength of Fabry-Perot structure 2,

Q2: the quality factor of the individual resonance of Fabry-Perot structure
2,

wz: the width of metal portion 122 along direction D,

nett 2: the effective refractive index for the dielectric medium in the
internal volume V of Fabry-Perot structure 2, occupied by layer 11 in

the example considered, and

d1-2: the separation distance between the two Fabry-Perot structures 1
and 2, measured in direction D between the metal portions 121 and
122.

The definition of the effective refractive indices neft1 and nefr2 is known
from the prior art, as was restated at the beginning of this description. Under
these conditions: Ar1 = 2-neff 1-W1 and Ar2 ~ 2-neff 2'W2. Q1 and Q2 are determined
in particular by the thickness h of layer 11, and by its material near the reflecting
surfaces R1 and R2 of each structure 1, 2. For the embodiment of the invention
which is illustrated by FIG. 2a, h is the thickness of dielectric material which is
common to the two Fabry-Perot structures 1 and 2, in other words h1=h2=h where
h1 and hz respectively denote the thicknesses of dielectric material in the Fabry-
Perot structures 1 and 2. However, in other embodiments of the invention, it is
possible that the thicknesses of dielectric material h1 and hz in the two Fabry-
Perot structures 1 and 2 are different. The thickness of each metal portion 121,
122 may be 50 nm (nanometer) for example, and the thickness of the layer 11 of
dielectric material may be 280 nm for example, these thicknesses being

measured perpendicularly to the face S.
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For embodiments of the invention with a one-dimensional pattern, the
metal portions 121 and 122 may be strips which extend perpendicularly to the
plane of FIG. 2a, and the group of the two Fabry-Perot structures 1 and 2, with
the associated portions of the layer 11 or of the dielectric media used, can form
a pattern which is periodically repeated in direction D. A coupling resonance
produced by this pattern in isolation is described below, but those skilled in the
art will understand that additional couplings may appear between two
neighboring Fabry-Perot structures on the face S while belonging to different

repeats of the pattern.

The following four conditions are necessary for the occurrence of

coupling resonance:

A1 = A2: a difference between the wavelengths of the individual
resonances of the two Fabry-Perot structures 1 and 2 may result from
two different values used for the strip widths w1 and w2. For example:
w1 = 400 nm and w2 = 495 nm. Additionally or alternatively, two
different values may be used for the effective refractive index of layer
11 in the respective internal volumes V of structures 1 and 2:
Neff_1 # Neff_2. Such a difference in refractive index may be obtained by
compositions, dopings, or fill ratios of layer 11 which differ between
the two structures 1 and 2. Alternatively or as a further addition, an
absorption coefficient value specific to each Fabry-Perot structure may

be used to vary its individual resonance wavelength;

the two wavelength ranges: [Ar1-(1-3/Q1); Ar1-(1+3/Q1)] which comprises
the individual resonance wavelength of structure 1, and [Ar2:(1-3/Q2) ;
Ar2-(1+3/Q2)] which comprises the individual resonance wavelength of
structure 2, have an overlap. In other words, they are not disjoint. This
condition can be satisfied by selecting the values of Ar1 and Ar2 so that
they are sufficiently close, or by selecting the structural parameters of
the pattern, in particular the thickness h of layer 11, so that the values

of Q1 and Q2 are sufficiently low;

the thickness h of the layer 11 of dielectric material is greater than the
two limit values VL1 =0.125Ar/nef 1 and VL2 = 0.125-Ar2/neff 2,
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meaning that the two Fabry-Perot structures are under-coupled to the

external propagation medium of the Ol wave; and

the separation distance di-2 between the two structures 1 and 2 is
sufficiently small, in particular less than the coupling resonance
wavelength as explained in detail below. d1-2 corresponds to the width
of the intermediate space l1-2 which separates structures 1 and 2, as

represented in FIG. 2a.

In FIG. 2a, C1-2 denotes the coupling which is thus produced between

the Fabry-Perot structures 1 and 2.

Under these conditions, two additional waves then result from the Ol
wave which is incident on the set of the two structures 1 and 2, in addition to the
wave which results from the reflection of the Ol wave on the face S of the support
10:

- a first additional wave, denoted OR1, which emerges from Fabry-Perot
structure 1 and which results from a superposition of several wave
components of which at least one has completed a round trip inside Fabry-
Perot structure 2. In other words, the amplitude of the additional wave
OR1 depends on the coupling between the internal volume V of structure
1 and the free space from which the incident wave Ol originates. In
addition, at least one component of this additional wave OR1 has
propagated within the internal volume V of structure 2, completing at least
one round trip therein in parallel to direction D, then has crossed the
intermediate space l12 from structure 2 to structure 1, before being
retransmitted into the free space by structure 1. Additional wave
components, which may also contribute to forming additional wave OR1,
may have completed any combinations of successive round trips within
the internal volumes V of the two structures 1 and 2, with travelling across
the intermediate space |12 at each passage between a round trip within
the internal volume V of one of the structures 1 or 2 and a round trip within
the internal volume V of the other structure, before each one is

retransmitted into the free space by structure 1; and

- a second additional wave, denoted OR2, which emerges from Fabry-
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Perot structure 2 and which results from a superposition of several other
wave components of which at least one has completed a round trip inside
Fabry-Perot structure 1. In other words, the amplitude of the additional
wave OR2 depends on the coupling between the internal volume V of
structure 2 and the free space from which the incident wave Ol originates.
In addition, at least one component of the additional wave OR2 has
propagated within the internal volume V of structure 1, completing at least
one round trip therein in parallel to direction D, then has crossed the
intermediate space l12 from structure 1 to structure 2, before being
retransmitted into the free space by structure 2. As was the case for
additional wave OR1, other additional wave components, which may also
contribute to forming additional wave OR2, may have completed any
combinations of round trips within the internal volumes V of the two
structures 1 and 2, with travelling across the intermediate space |12 at
each passage between a round trip within the internal volume V of one of
the structures 1 or 2 and a round trip within the internal volume V of the
other structure, before each one is retransmitted in the free space by

structure 2.

The two additional waves OR1 and OR2 are due to the coupling Ci-2
between the Fabry-Perot structures 1 and 2. Then, for a particular value of the
wavelength of the Ol wave, the wave which results from the reflection of the Ol
wave on the face S of the support 10, the first additional wave OR1, and the
second additional wave OR2 form a constructive interference which contributes
to forming the reflected wave OR. The diagram in FIG. 2b compares spectral
reflectivity curves measured respectively for a first support 10 provided with
Fabry-Perot structures 1 only (curve labeled FP1 and corresponding to w1 = 400
nm), a second support 10 provided with Fabry-Perot structures 2 only (curve
labeled FP2 and corresponding to w2 = 495 nm), and a third support 10 provided
with alternating Fabry-Perot structures 1 and 2 (curve labeled FP1-2 and
corresponding to FIG. 2a). The value of the angle of incidence used in all three
cases is 10° (degree), equal to the value of the angle of reflection of the OR
wave, and the incident wave Ol is rectilinearly polarized with its magnetic field

parallel to the longitudinal direction of the strips which constitute the metal
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portions 121 and 122. In all three cases, the support 10 is of gold with a thickness
of 200 nm, the metal portions are also of gold with thicknesses of 50 nm, and
layer 11 is continuous and uniform of silicon carbide with a thickness of 280 nm.
The values of w1 and w2 are those given above, and the separation distances
between strips are equal to 437 nm in all three cases. Under these conditions,
the individual resonance of Fabry-Perot structures 1 has the following
characteristics: Art # 4.65 pm and a minimum spectral reflectivity value greater
than 0.80 (see curve FP1), and the individual resonance of Fabry-Perot
structures 2 has the other characteristics: Ar2 # 5.25 ym and a minimum spectral
reflectivity value which is also greater than or equal to 0.80 (see curve FP2). The
value of 280 nm for the thickness h of layer 11 is greater than the two limit values
VL1 = 0.125-Art/netr 1 and VL2 = 0.125-Ar2/neff 2 (Neff_1 = Neff 2 in the embodiment
described), respectively equal to 184 nm and 208 nm, ensuring that the two
Fabry-Perot structures 1 and 2 are each used under conditions of under-coupling
with the external propagation medium. The additional resonance, which is
provided by the coupling between structures 1 and 2, appears when the
wavelength of the incident wave Ol has the value of 4.23 um (see curve FP1-2).
This is the coupling resonance wavelength, which is denoted Ar2. The
associated minimum for spectral reflectivity is approximately 0.13, corresponding
to a value of 22 for the quality factor Q1-2 which is associated with the coupling
resonance. The support 10 of FIG. 2a, with structures 1 and 2, then forms a
spectral filter which is effective in reflection. For this first example, the value of
the spatial repeat period of the pattern formed by the two Fabry-Perot structures
1and 2is 1770 nm.

In general, for the coupling between the two Fabry-Perot structures 1
and 2 to be sufficient to produce the coupling resonance, the separation distance
d1-2 must be less than the value of the coupling resonance wavelength Ar1-2. In

the present case, di-2 is approximately equal to 437 nm.

At all identical values and compositions apart from the widths w1, w2 and
the separation distance di-2, the coupling resonance wavelength Ar1-2 becomes
equal to 4.61 ym when w1 = 495 nm, w2 = 600 nm, and d12 = 337 nm. The

minimum reflectivity value is then approximately 0.21, obtained when the
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wavelength of the incident wave Ol is equal to Ar1-2. Thus, appropriately selecting
the width values of the metal strips allows adjusting the coupling resonance

wavelength to a desired value.

The diagram of FIG. 3 shows the variations of the quality factor Q1-2 of
the coupling resonance (continuous curve) which result from modifying the
thickness h of layer 11, compared to the embodiment of FIGS. 2a and 2b.
Beyond the thickness limit value VL2 = max(VL1; VLz2) = approximately 0.208 pm
for layer 11, the value of the quality factor Q12 of the coupling resonance
increases continuously, reaching approximately 250 for the value of 800 nm for
the thickness h of layer 11. Thus, appropriately selecting the thickness h of layer
11 allows adjusting the width and depth of the spectral reflectivity minimum which
is associated with the coupling resonance. For comparison, the diagram in FIG.
3 also shows the variation of the quality factor Q1 of the individual resonance of
a single Fabry-Perot structure, when the thickness h of layer 11 varies and when
the width w of the strip which forms the metal portion 12 is constant and equal to
495 nm (dotted curve). The quality factor Q1 of the individual resonance is a
decreasing function of the thickness h of layer 11, while the quality factor Q1-2 of

the coupling resonance is an increasing function of this thickness h.

The horizontal axis of the diagram in FIG. 4 identifies the wavelength
values of the incident wave Ol, the vertical axis identifies the values of the
thickness h of the layer 11 of dielectric material, and the third dimension,
indicated by the scale of gray shades arranged to the right of the diagram,
identifies the energy reflectivity values of the spatial filter of FIGS. 2a and 2b,
when only the thickness h varies. The coupling resonance, which is produced by
three-wave interference, exists when the thickness h is greater than
VL2 = max(VL+; VL2) = approximately 0.208 ym, and is associated with an
energy reflectivity minimum which is narrow, corresponding to high values of
quality factor Q1-2. When the thickness h is less than this limit value, two separate
resonances are visible, which correspond to the respective individual
resonances of the Fabry-Perot structures 1 and 2. The variations of the
resonance wavelength values Ar1 and Ar2 which are visible in this part of the
diagram are due to the spectral variations of the effective refractive index of the

dielectric material of layer 11. The spectral filters described in the article entitled
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“Plasmonic nano-antennas for spectral emissivity engineering” cited above, by
M. Makhsiyan et al., Proc of SPIE, Vol. 9502, 2015, all correspond to the situation
where the thickness h of the dielectric layer is less than max(VL1; VL2), where no
coupling resonance due to three-wave interference exists. The energy reflectivity
spectrum which is then obtained is substantially equal to the product of the

respective individual resonance spectra of the two Fabry-Perot structures.

In the embodiment of FIG. 5a, each group of Fabry-Perot structures
comprises three structures, denoted 1, 2, and 3. The respective metal portions
of these three Fabry-Perot structures, in the form of parallel strips whose
common longitudinal direction is again perpendicular to the plane of the figure,
are referenced 121, 122, and 123. Their respective width values are w1 = 405 nm,
w2 =500 nm, and ws =600 nm, with the spatial repeat period of the pattern
formed by the three Fabry-Perot structures 1, 2 and 3 being equal to 2540 nm.
d1-2 is the separation distance between structures 1 and 2 across intermediate
space l1-2, for example equal to about 300 nm, and d2-3 is the separation distance
between structures 2 and 3 across intermediate space l23, for example also
equal to 300 nm. C1-2 designates the resulting coupling between Fabry-Perot
structures 1 and 2, and C2-3 the coupling between Fabry-Perot structures 2 and
3. The three metal portions 121, 122, and 123 may again be of the same metal as
the support 10, so that the value of the effective refractive index of the dielectric

material is the same for the three Fabry-Perot structures 1, 2, and 3.

The diagram of FIG. 5b shows the spectral reflectivity curves which were
measured respectively for a first support 10 provided with Fabry-Perot structures
1 only (curve labeled FP1 and corresponding to w1 = 405 nm), a second support
10 provided with Fabry-Perot structures 2 only (curve labeled FP2 and
corresponding to w2 = 500 nm), a third support 10 provided with Fabry-Perot
structures 3 only (curve labeled FP3 and corresponding to ws = 600 nm), and the
support 10 provided with alternating Fabry-Perot structures 1, 2, and 3 (curve
labeled FP1-2-3 corresponding to FIG. 5a). The polarization and incidence
conditions of the incident wave Ol are the same as for the diagram of FIG. 2b.
The individual resonance wavelength values are Ar1 ~ 4.5 um for structure 1 (see
curve FP1), A2 = 5.2 um for structure 2 (see curve FP2), and A3~ 6.0 ym for

structure 3 (see curve FP3), with minimum reflectivity values which are all greater
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than 0.80 for these three individual resonances. In other words, the condition
where the thickness h of layer 11 must be greater than the three limit values
0.125-Ar1/nefr, 0.125-Ar2/neft, and 0.125-Ar3/nett is satisfied. The filter of FIG. 5a, in
which the pattern is formed by the group of three Fabry-Perot structures 1, 2,
and 3, then has two coupling resonances (see curve FP1-2-3): a first coupling
resonance for wavelength value Ar-2 ~ 4.43 ym, associated with a first quality
factor value Q1-2 equal to 15, and a second coupling resonance for wavelength
value Ar2-3 = 5.12 um, associated with a second quality factor value Q2-3 equal to
11. The first coupling resonance, corresponding to Ar1-2 and Q1-2, comes from the
coupling C1-2 between strips 1 and 2 through intermediate space l1-2, and the
second coupling resonance, corresponding to Ar-3 and Q2-3, comes from the
coupling C2-3 between strips 2 and 3 through intermediate space l2-3. The
structures 1 and 3, even when they are close by being part of successive
patterns, are not coupled to each other because of their individual resonance

wavelength values which are too far apart.

FIG. 6 shows another embodiment of the invention, with two directions
of variation of the pattern which are denoted D1 and D2. For example, a group of
four Fabry-Perot structures 1-4, which are arranged in a 2 x 2 matrix parallel to
directions D1 and D2, can be used as a pattern which is reproduced periodically
in these two directions. Each Fabry-Perot structure 1-4 can be identified by a
respective portion of metal layer 121-124 which is arranged on the layer of
dielectric material 11, the latter being on the face S of the metal support 10. At
least two of the Fabry-Perot structures 1-4 are different, for example in the
dimensions of the portions of metal layer 121-124. As an example but in a non-
limiting manner, each portion of metal layer 121-124 may be a square for which
the side length is selected from the values 640 nm, 680 nm, 780 nm, and
840 nm, for a repeat period of the pattern in directions D1 and D2 which may be
equal to 2200 nm. The intermediate spaces between neighboring Fabry-Perot
structures are |12 between structures 1 and 2, I2-3 between structures 2 and 3, Is-
4 between structures 3 and 4, and ls-1 between structures 4 and 1. Then, by
modifying the lengths of the sides of the portions 121-124 and the widths of the
intermediate spaces between them, the values of the coupling resonance

wavelengths can be adjusted as well as the values of the quality factors and the
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spectral reflectivity minima associated with them. Generally, a coupling
resonance is separately associated with each pair of Fabry-Perot structures in
the pattern. However, when two of these Fabry-Perot structures have individual
resonance wavelength values that are too far apart from each other, these two
structures are not coupled together. It is possible in particular to distribute the
four Fabry-Perot structures in the 2 x 2 matrix of the pattern so that two structures
which are on the same diagonal in the 2 x 2 matrix are not coupled together for

this reason.

In yet other embodiments of the invention, which may also have a
distribution of the Fabry-Perot structures in a 2 x 2 matrix within a two-
dimensional pattern, the portions of metal layer 121-124 may have shapes that
are rectangular, circular, elliptical, cross-shaped, L-shaped, etc., parallel to the
face S, depending on the difference in response that is desired for the filter
between two effective orthogonal polarizations for the incident wave Ol. Those
skilled in the art know how to select these shapes according to the desired
selectivity for the filter relative to the polarization of the incident wave Ol.
Similarly, from the present description, the skilled person will be able to take into
account the effect of the separation distances between Fabry-Perot structures,
on the selectivity of the filter relative to the polarization of the Ol wave. In addition,
the composition and material of layer 11 in the intermediate spaces l1-2, l2-3, I3-4,
and l4-1 can be varied to adjust the coupling between two neighboring Fabry-

Perot structures.

In general, given the embodiments of the invention just described, a
person skilled in the art will understand that a filter according to the invention can
be formed by repeating any pattern of several Fabry-Perot structures, without
limitation as to the number of structures that form the pattern nor to their
arrangement in this pattern. The condition is that at least two of these Fabry-
Perot structures are coupled while having compositions that are in accordance
with FIG. 1b. The large number of degrees of freedom which results from this
makes it possible to design on demand a filter whose spectral response profile

corresponds to any specifications.

We will now describe an empirical way of designing a filter in accordance
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with the invention, for which the spectral response profile comprises a controlled
transition between a cutoff spectral domain and a windowed spectral domain. To
do so, the filter may be an association between at least one Fabry-Perot
resonator and at least one group of several Fabry-Perot structures coupled as
described above. Fabry-Perot resonator is then understood to mean an
additional Fabry-Perot structure which is used within the filter for its individual
resonance, as opposed to the coupled Fabry-Perot structures which are used for
their coupling resonance(s). In general, the spectral profile of the individual
resonance of the Fabry-Perot resonator is wider, on a wavelength axis, than the
spectral profile of the coupling resonance of two Fabry-Perot structures coupled
according to the invention. However, the spectral profile of the filter results from
an additive combination of the energy absorptions caused by all the resonances
- individual or coupling. Then, by adjusting the respective parameters of the
coupled Fabry-Perot structures and of the Fabry-Perot resonator, it is possible
to superimpose, on the wavelength axis of the incident wave Ol, at least one
coupling resonance with one side of the individual resonance of the Fabry-Perot
resonator. In other words, the value of the wavelength of the coupling resonance,
denoted Ar12, can be different from Ao but within the range [Aro:(1-10/Qo);
Aro:(1+10/Qo)], where Ao and Qo are respectively the values of the resonance
wavelength and of the quality factor for the individual resonance of the Fabry-
Perot resonator. The coupled structures thus make it possible to locally modify
the spectral profile of the Fabry-Perot resonator, when the quality factor of the
coupling resonance is greater, or even much greater, than the quality factor of
the Fabry-Perot resonator. As an illustration, the diagram of FIG. 7a shows the
spectral response in reflection of such a filter which combines a Fabry-Perot
resonator and three Fabry-Perot structures coupled in accordance with FIG. 5a.
In this example, the individual resonance wavelength Ao of the Fabry-Perot
resonator is equal to approximately 3.39 um, with a value of 20 for the
corresponding quality factor Qo, the first coupling resonance wavelength Ari-2 is
equal to about 3.26 ym, with a value of 60 for the corresponding quality factor
Q1-2, and the second coupling resonance wavelength Ar-3 is equal to about

3.50 um, also with a value of 60 for the corresponding quality factor Q2-3.

FIG. 7b shows the pattern of such a filter. This pattern comprises a
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portion of the support 10, a portion of layer 11, and the Fabry-Perot structures 1-
3 of FIG. 5a, with their respective metal portions 121, 122, and 12s. It further
comprises at least one additional Fabry-Perot resonator, which can be stacked
on one of structures 1-3, for example on structure 2. This additional resonator is
designated by the reference RO, and may advantageously also be of the type
described with reference to FIG. 1b. In this case, it may be formed by a strip of
additional dielectric material 110 which is arranged on the portion of metal layer
122, and by an additional portion of metal layer 120 which is arranged on this
dielectric material strip 110. The metal portion 122 is thus shared between this
Fabry-Perot resonator RO and Fabry-Perot structure 2. The strip 110 may again
be made of silicon carbide, and portion 120 may again be made of gold. The
horizontal direction of FIG. 7b has a spatial dimension axis, labeled x, for
identifying the widths of the strips which form portions 121, 122, 123, and 120, as
well as the separation distances between them. The vertical direction of FIG. 7b
has another spatial dimension axis, labeled z, for identifying the thicknesses of
layer 11, of portions 121, 122, 123, and 120, as well as of the strip of additional
dielectric material 110. This pattern is repeated periodically along direction D on
the face S of the support 10, covered by layer 11, to form the filter. For the
embodiment of FIG. 7a, the thickness ho of the strip of additional dielectric
material 110 is about 80 nm, and the width of the portion of metal layer 120 along

direction D is approximately 450 nm.

Those skilled in the art will then understand that a spectral filtering profile
which is more elaborate than that of FIG. 7a, in particular a spectral filtering
profile which has a more or less rectangular shape, can be obtained according
to the invention by using a pattern of Fabry-Perot structures having more than

three structures.

Such a filter can have many applications, particularly in imaging and
spectroscopy, according to modes of implementation which are well known to

those skilled in the art.

A further application can be a selective thermal emission of
electromagnetic radiation. To achieve this, the filter may be heated or applied to

a block of material which is heated. Emission of electromagnetic radiation then
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occurs, its spectrum restricted to within the spectral selection window(s) of the

filter, and the emission intensity dependent on the temperature of the filter.

Finally, it is understood that the invention may be implemented by
modifying numerous secondary aspects of the embodiments described in detail
above. In particular, these described embodiments have been designed for
filtering functions which are efficient in reflection. It is possible to apply the
invention to embodiments adapted for producing filtering functions which are
efficient in transmission. Finally, all the numerical values described were
provided for illustrative purposes only, and can be modified to the application

intended for each filter.
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Patentkrav

1. Spektralfilter som omfatter minst én gruppe av flere Fabry-Pérot-strukturer
(1, 2) som er baret sammen av en overflate (S) av en stgtte (10) av filteret, hvor
hver Fabry-Pérot-struktur omfatter to deler av reflekterende overflater (R1, R2)
som er anbragt vis-a-vis, parallelt med hverandre, og separat fra hverandre i det

indre av strukturen av et dielektrisk medium,

hvor hver av Fabry-Pérot-strukturene (1, 2) i gruppen er dimensjonert slik
at en bglgekomponent av elektromagnetisk strdling kan forplante seg
mellom de to delene av reflekterende overflater (R1, R2) av den nevnte
strukturen, fra den ene til den andre, og slik at en stasjonaerbglge
resulterer fra flere refleksjoner av bglgekomponenten som oppstar
vekselvis pa nivdet av de to delene av reflekterende overflater, og en
individuell resonans av den nevnte Fabry-Pérot-strukturen som svarer til
en maksimal amplitude av den nevnte stasjonaerbglgen i det indre av den
nevnte strukturen nar en bglgelengde av en elektromagnetisk straling som

er innfallende pa3 filteret varierer,

hvor minst én av delene av reflekterende overflater (R1, R2) av hver Fabry-
Pérot-struktur (1, 2) i gruppen er separert fra minst én av delene av
reflekterende overflater av hver annen struktur av et mellomliggende rom

(I1-2) parallelt med overflaten (S) av stgtten (10),

hvor minst én parameter som bestemmer den individuelle resonansen av
hver Fabry-Pérot-struktur (1, 2), separat fra hver annen Fabry-Pérot-
struktur, har verdier som er forskjellige mellom minst to av strukturene i
samme gruppe, slik at de minst to strukturene av gruppen har respektive
verdier for individuelle resonansbglgelengder, effektive for den elektro-
magnetiske stralingen innfallende pd filteret , som er forskjellige, og de
minst to strukturene med forskjellige verdier av individuelle resonans-
bglgelengder som har respektive verdier av en kvalitetsfaktor av individuell
resonans slik at, pa en bglgelengdeakse av den innfallende stralingen,
intervallene som fglger av individuelle resonanser: [An-(1-3/Qi) ;
Ari-(14+3/Qi)], har to-og-to overlappinger, hvor i er et heltall som

identifiserer hver Fabry-Pérot-struktur i det indre av gruppen, og Ar og
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Qi er henholdsvis verdiene av resonansbglgelengde og av kvalitetsfaktor til

den individuelle resonansen av Fabry-Pérot-strukturen i,

og hvor en tykkelse h; av det dielektriske mediet, i forhold til Fabry-Pérot-
strukturen i som er malt vinkelrett pd en utbredelsesretning av bglge
komponentene som utgjgr stasjonzerbglgen i det indre av den nevnte
Fabry-Pérot-strukturen i, er stgrre enn eller lik med0,125-Ari/nefr_i, hvor
nerr_i er en effektiv brytningsindeks for det dielektriske mediet av Fabry-

Pérot-strukturen i,

og hvor en kobling mellom to av Fabry-Pérot-strukturene (1, 2) i samme
gruppe, hvis verdiene av individuelle resonansbglgelengder er forskjellige,
er produsert av det mellomliggende rommet (I1-2) som eksisterer mellom
de to nevnte strukturene, muligens ogsa av et materiale til stede i det
nevnte mellomliggende rommet, en separasjonsavstand (di-2) mellom de
to Fabry-Pérot-strukturene som er koblet pa den maten, bestemt av det
nevnte mellomliggende rommet og malt parallelt med overflaten (S) av
stgtten (10), som er mindre enn en verdi av resonansbglgelengde i forhold
til koblingen, kalt koblingsresonansbglgelengde, som er effektiv for den
elektromagnetiske stralingen innfallende pa filteret, og som er resultat av

en interferens mellom minst tre bglger blant hvilke:

- en fgrste bglge som kommer fra en refleksjon av den innfallende
stralingen pa overflaten (S) av stgtten (10), eller fra en overfgring av den

innfallende stralingen gjennom stgtten;

- en andre bglge som kommer ut fra en forste (1) av Fabry-Pérot-
strukturene av gruppen, og som er resultat av en superposisjon av flere
bglgekomponenter blant hvilke minst én av de nevnte bglgekomponentene
har utfgrt minst én returreise i det indre av en andre (2) av Fabry-Pérot-
strukturene av den nevnte gruppen, koblet med den nevnte fagrste

strukturen; og

- en tredje bolge som kommer ut fra den nevnte andre (2) av Fabry-Pérot-
strukturene i gruppen, og som er resultat av en annen superposisjon av
flere andre bglgekomponenter blant hvilke minst én av de nevnte andre
bglgekomponentene har utfgrt minst én returreise i det indre av den nevnte

fgrste (1) av Fabry-Pérot-strukturene av den nevnte gruppen,
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hvor filteret er karakteriser ved det at hver Fabry-Pérot-struktur (1, 2)
i gruppen omfatter to deler av metalloverflater (M1, M2) som er parallelle
med overflaten (S) av stgtten (10), og et indre volum (V) som er begrenset
mellom de nevnte to deler av metalloverflater vinkelrett pd overflaten av
stgtten, og begrenset parallelt med overflaten av stgtten mellom motsatte
kanter (B1, B2) av minst én av de nevnte to deler av metalloverflater av
strukturen, hvor de nevnte to motsatte kantene bestemmer posisjoner av
deler av reflekterende overflater (R1, R2) av Fabry-Pérot-strukturen, slik
at bglgekomponentene som bidrar til koblingsresonansen forplanter seg
parallelt med overflaten av stgtten i det indre av hver av Fabry-Pérot-

strukturene koblet i gruppen.

2. Spektralfilter ifglge krav 1, hvor parameteren som bestemmer den
individuelle resonansen til hver Fabry-Pérot-struktur (1, 2) i gruppen, adskilt fra
hver annen Fabry-Pérot-struktur i den nevnte gruppen, og som har verdier som
er forskjellige mellom to av strukturene som er koblet med hverandre, er den ene

av parametere som fglger eller en kombinasjon av flere av dem:

- en bredde (w1, w2) av det indre volumet (V) av hver struktur (1, 2), som
malt parallelt med overflaten (S) av stgtten (10) mellom delene av

reflekterende overflater (R1, R2) av den nevnte strukturen,

- en brytningsindeks av det dielektriske mediet i det indre volumet (V) av
hver struktur (1, 2),

- en fyllingsgrad og/eller en sammensetning av det dielektriske mediet i

det indre volumet (V) av hver struktur (1, 2), og

- en absorbsjonskoeffisient for elektromagnetisk straling av hver struktur
(1, 2).

3. Spektralfilter ifglge krav 1 eller 2, hvor hver Fabry-Pérot-struktur (1, 2) i
gruppen, sarlig en tykkelse (h) av det indre volumet (V) mellom de to delene av
metalloverflater (M1, M2) av den nevnte strukturen, malt vinkelrett pd overflaten
(S) av stgtten (10), er utformet slik at verdien av kvalitetsfaktoren av individuell

resonans av den nevnte strukturen er mindre enn 20,
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og hvor gruppen av Fabry-Pérot-strukturer (1, 2), seerlig det mellomliggende
rommet (I1-2) mellom to av strukturene i den nevnte gruppen som er koblet, er
utformet slik at en kvalitetsfaktor som er assosiert med koblingsresonansen er

stgrre enn 20, fortrinnsvis stgrre enn 70, eller til og med stgrre enn 150.

4. Spektralfilter ifglge ett hvilket som helst av de foregdende kravene, hvor for
hver Fabry-Pérot-struktur (1, 2) i gruppen, det dielektriske mediet i det indre
volumet (V) av den nevnte strukturen er bestdende av en respektiv del av et lag
(11) med parallelle flater og jevn tykkelse av et fast dielektrisk materiale, hvor

det nevnte laget er identisk for alle strukturene av gruppen.

5. Spektralfilter ifglge ett hvilket som helst av de foregdende kravene, hvor et
motiv som omfatter Fabry-Pérot-strukturene (1, 2) i gruppen, som adskilt av hvert
mellomliggende rom (Ii-2) mellom to av de nevnte strukturene i det indre av

gruppen, er repetert flere ganger pa overflaten (S) av stgtten (10).

6. Spektralfilter ifglge krav 5, hvor minst én av delene av metalloverflater (M1,
M2) til hver av Fabry-Pérot-strukturene (1, 2) er en overflate av et respektivt
metall band, og hvor motivet som omfatter gruppen av Fabry-Pérot-strukturer er
repetert flere ganger, fortrinnsvis periodisk, langs en repetisjonsretning (D) som
er parallell med overflaten (S) av stgtten (10), i form av separate og parallelle

metall band.

7. Spektralfilter ifglge krav 5, hvor minst én av delene av metalloverflater (M1,
M2) av hver Fabry-Pérot-struktur (1, 2) har en kvadratisk, rektanguleer, sirkulzer,
elliptisk, i kryss eller i rettvinklet form, parallell med overflaten (S) av stgtten (10),
og motivet som omfatter Fabry-Pérot-strukturene til gruppen er repetert flere
ganger langs to repetisjonsretningene (D1, D2) som er distinkte og parallelle med
overflaten av stgtten, fortrinnsvis periodisk, og fortrinnsvis hvor de to

repetisjonsretningene er innbyrdes perpendikulaere.

8. Spektralfilter ifglge krav 7, hvor motivet omfatter fire Fabry-Pérot-strukturer
(1-4) som er anbragt i 2 x 2-matrise langs de to repetisjonsretningene (D1, D2),

som saledes danner seks par av Fabry-Pérot-strukturer, hvor hvert par er
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assosiert med et mellomliggende rom (I1-2, I2-3, I3-4, Is-1) mellom de to strukturene
av det nevnte paret annet enn det mellomliggende rommet til hvert annet par av
strukturer i motivet , og hvor minst noen av de mellomliggende rommene

produserer en kobling mellom strukturene av det tilsvarende paret.

9. Spektralfilter ifglge ett hvilket som helst av de foregdende kravene, tilpasset
for 8 veere anvendt i refleksjon, hvor de fgrste, andre og tredje bglgene er
produsert av filteret av en side av stgtten (10) der den innfallende strdlingen

ankommer pa det nevnte filteret.

10. Spektralfilter ifslge ett hvilket som helst av de foregdende kravene, som
videre omfatter minst én Fabry-Pérot-resonator (RO) som har en ytterligere
individuellresonans, effektiv for den innfallende strdlingen i tillegg til hver
koblingsresonans, hvor Fabry-Pérot-resonatoren er utformet slik at den
individuelle resonansbglgelengdeverdien til den nevnte resonatoren er forskjgvet
i forhold til minst én koblingsresonansbglgelengdeverdi for gruppen av Fabry-
Pérot-strukturer (1-3), og slik at den nevnte koblingsresonansbglgelengdeverdien
er i det indre av det fglgende intervallet for individuell resonans av Fabry-Pérot-
resonatoren:

[Ar0:(1-10/Qo); Aro:(1+10/Qo)], hvor Ao og Qo er henholdsvis verdiene av
resonansbglgelengde og av kvalitetsfaktor for den individuelle resonansen til
Fabry-Pérot-resonatoren, slik at en spektral responsprofil til filteret, som funksjon
av bglgelengden av den innfallende stralingen, er resultat av en superposisjon av
minst den individuelle resonansen av hver Fabry-Pérot-resonator (R0) med hver
koblingsresonans for hver gruppe av Fabry-Pérot-strukturer (1-3), og har en
brattere overgang mellom et avskjaeringsspektraldomene og et vindusspektral-
domene, i forhold til et referansefilter som oppviser den nevnte minst ene Fabry-

Pérot-resonatoren, men som er blottet for de koblede Fabry-Pérot-strukturene.

11. Spektralfilter ifglge krav 10, hvor hver Fabry-Pérot-resonator (R0), seerlig en
tykkelse (ho) av et indre volum av den nevnte resonatoren, malt vinkelrett pa en
retning av stasjonazerbglge som forekommer i det nevnte indre volumet av
resonatoren, er utformet slik at verdien av kvalitetsfaktoren til den individuelle

resonansen til den nevnte resonatoren er mindre enn 30,
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og hvor kvalitetsfaktoren som er assosiert med koblingsresonansbglgelengden
lokalisert i intervallet [Aro-(1-10/Qo); Aro-(1+10/Qo)] er stgrre enn 30.

12. Spektralfilter ifglge krav 10 eller 11, hvor Fabry-Pérot-resonatoren (RO) er
stablet pa den ene av Fabry-Pérot-strukturene (1-3) i gruppen, i en stableretning

som er vinkelrett pd overflaten (S) av stgtten (10).

13. Spektralfilter ifglge krav 12, hvor en del av metall-laget (122) er felles for
Fabry-Pérot-resonatoren (R0O) og for Fabry-Pérot-strukturen (2) i gruppen som
den nevnte Fabry-Pérot-resonatoren er stablet pa, hvor den nevnte delen av
metall-laget utgjgr den ene av delene av metalloverflater av den nevnte Fabry-

Pérot-strukturen.

14. Fremgangsmate for spektralfiltrering av en elektromagnetisk straling,
implementert ved 8 anvende minst et spektralfilter som er i samsvar med ett
hvilket som helst av de foregdende kravene, hvor stralingen som skal filtreres har
bglgelengdeverdier som er stgrre enn mellomrommet (I:-2), malt parallelt med
overflaten (S) av stgtten (10), som eksisterer mellom to Fabry-Pérot-strukturer

(1, 2) av filteret som er koblet med hverandre,

hvor fremgangsmaten er implementert for en applikasjon som er valgt blant en
monokromatisk eller multispektral bildeinnsamling, en spektroskopisk analyse, og

en selektiv emisjon av straling produsert ved en oppvarming av filteret.
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