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(54) DEVICE FOR BEAMING SHAPING AND/OR COLLECTING OF LIGHT EMITTED BY A LIGHT 
SOURCE

(57) The invention concerns a device for beaming
and/or collecting of light emitted by a light source, the
device comprising a reflector layer (3) and a director layer
(4), wherein a dipole emitter (5) or an absorber is posi-
tioned at a distance d1 away from the reflector layer (3),
wherein the director layer (4) is positioned in the radiation
direction of the dipole emitter (5) or in the absorption di-
rection of the absorber, respectively, wherein the director
layer (4) is positioned at a distance d2 away from the
dipole emitter (5) or the absorber, respectively, between
a host medium (2) hosting the dipole emitter (5) or the
absorber, respectively, together with a collection medi-
um, characterized in that between the reflector layer (3)
and the host medium (2) a first intermediate layer (8) is
provided and between the host medium (2) and the di-
rector layer (4) a second intermediate layer (9) is provid-
ed. In this way, a device for beaming and/or collecting of
light emitted by light sources with an enhanced antenna
configuration of a planar optical antenna and with an im-
proved outcoupling efficiency and directionality is provid-
ed.
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Description

[0001] The present invention relates to a device for
beaming and/collecting of light emitted by light sources.
More in detail, the present invention relates to a device
with an improved antenna configuration of a planar opti-
cal antenna which allows beaming and collecting light
emitted from various light sources, including light-emit-
ting devices (LEDs), fluorescent markers and single-pho-
ton sources. By considering the light source as a light
receiver and using reciprocity, the device can also be
used to improve the absorption of light by various receiv-
ers, including molecules.
[0002] Light emission and light absorption are two ba-
sic processes at the core of many important applications,
such as lighting, sensing and telecom. Despite the enor-
mous progress, designing, manufacturing and testing,
nanophotonics concepts that interface tiny sensing vol-
umes to low NA (Numerical Aperture) collection optics
(e.g. optical fibers), still require a substantial research
effort.
[0003] There have been several interesting proposals
to improve the collection efficiency of nanoscale light
emitters, although only recently the attention has moved
to concepts inherited from antenna theory. One of the
most exciting advances in nano-optics has been the con-
cept, design and application of optical antennas, or nano-
antennas, which represent the most sophisticated tool to
enhance and direct light emission from a nanoscale
source. The amount of research activity on optical an-
tennas has grown very rapidly in the last few years, and
currently spans a broad range of areas, including optics,
physics, chemistry, electrical engineering, biology, and
medicine, to cite a few.
[0004] In the research to achieve the above-mentioned
object, the goal of the inventors has been the design,
manufacture and experimental investigation of optical
antennas that are able to channel molecular fluorescence
into a narrow radiation cone. This was thought in order
to allow efficient collection by a fibre probe placed in the
far field, hence opening the pathway to single-molecule
detection with low-NA optics. Optical antennas offer great
flexibility in engineering the radiation pattern. From the
prior art devices for beaming and collection of light emit-
ted by light sources with a planar structure that beams
the emission of single molecules are known.
[0005] WO 2016/166130 for example discloses a de-
vice constituted by a planar optical antenna which allows
to beam and collect light emitted from various light sourc-
es. This device relies on the concept of an optical Yagi-
Uda antenna, where reflector and director are implement-
ed using thin metal films. A dipole emitter positioned a
distance d1 away from a metallic layer, named reflector,
induces an image dipole. To obtain further directionality
a thin metallic layer in the radiation direction, named di-
rector, at a distance d2 away from the dipole is positioned.
However, the efficiency of such devices could still be im-
proved. In particular, the excitation of surface plasmon

polaritons (SPPs) at metal-dielectric interfaces repre-
sents a major loss channel, which limits the outcoupling
efficiency.
[0006] Therefore, the object of the present invention is
to provide a device for beaming and/or collecting of light
emitted by a light source with an enhanced antenna con-
figuration of a planar optical antenna to improve outcou-
pling efficiency and directionality.
[0007] This object is addressed by the subject matter
of claim 1. Preferred embodiments are described in the
sub claims.
[0008] According to the invention, a device for beaming
and/or collecting of light emitted by a light source, the
device comprising a reflector layer and a director layer,
wherein a dipole emitter or an absorber is positioned at
a distance d1 away from the reflector layer, wherein the
director layer is positioned in the radiation direction of
the dipole emitter or in the absorption direction of the
absorber, respectively, wherein the director layer is po-
sitioned at a distance d2 away from the dipole emitter or
the absorber, respectively, between a medium hosting
the dipole emitter or the absorber, respectively, together
with a collection medium, characterized in that between
the reflector layer and the host medium a first intermedi-
ate layer is provided and between the host medium and
the director layer a second intermediate layer is provided.
[0009] By including intermediate layers to space the
host medium apart from the reflector or director, respec-
tively, the excitation of SPP modes can be suppressed.
The suppression of the excitation of the SPP modes leads
directly to an increase in the outcoupling efficiency and
an improved directionality. Not only dipole emitters but
also absorbers for the collection of light can be placed in
the host medium. When one or more absorbers are
placed in the host medium light sources emitting at wave-
length λ are corresponding to the one or more of the
absorbers.
[0010] Advantageously, d1 is chosen within the range
λ/(6n) ≤ d1 ≤ λ/(4n), where λ is the emission or absorption
wavelength and n is the effective refractive index of me-
dium composed by the host and the first intermediate
layer. It has been found that an especially preferred work-
ing distance for the dipole emitter or absorber from the
director layer is in the range λ/(6n) ≤ d2 ≤ λ/(4n), where
now n is the effective refractive index of the medium com-
posed by the host and the second intermediate layer.
[0011] According to one preferred embodiment of the
invention the refractive indices of the first intermediate
layer and second intermediate layer are both smaller than
the refractive index of the host medium. The inclusion of
two intermediate layers with a refractive index smaller
than the refractive index of the host medium can signifi-
cantly suppress the coupling to SPP modes, which are
responsible for limitation on the outcoupling efficiency.
The refractive index of the first intermediate layer and
the refractive index of the second intermediate layer can
be but do not have to be equal to each other. Moreover,
these layers can be composite media or multilayer struc-
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tures as long as their effective refractive index is smaller
than that of the host medium. The host medium and the
collection medium can also be composite media or mul-
tilayer structures.
[0012] According to another preferred embodiment of
the invention a top layer is provided between the director
layer and the collection medium. The additional top layer
may help to further improve the outcoupling efficiency by
suppressing the role of SPP in the director and the direc-
tionality of the device by narrowing the emission pattern.
The top layer plays the role of an integrated flat lens and
of the intermediate layer. Therefore the top layer is able
to steer an optical ray by a large amount in order to con-
vert a wide radiation pattern into a narrow cone and fur-
ther suppresses the role of SPP in the director. For ex-
ample a radiation pattern with a narrow cone is more
favourable for coupling light to an optical system with
circular symmetry, such as an optical fibre. Moreover,
the top can be composite media or multilayer structures
as long as their effective refractive index is smaller than
that of the collection medium.
[0013] Preferably the refractive index of the top layer
is smaller than the refractive index of the collection me-
dium. A further improvement in the outcoupling efficiency
and in the directionality, with an even narrower radiation
pattern, can be attained by the smaller refractive index
of the top layer compared to refractive index of the col-
lection medium.
[0014] Preferably the thickness of the first intermediate
layer is chosen in the range from λ/(50n)-corresponding
to about 10 nm for n = 1.5 and λ = 738 nm - to λ/(5n) -
corresponding to about 100 nm for n = 1.5 and λ = 738
nm- preferably from λ/(25n) - corresponding to about 20
nm for n = 1.5 and λ = 738 nm - to λ/(6n) - corresponding
to about 80 nm for n = 1.5 and λ = 738 nm- and more
preferably from λ/(15n) - corresponding to about 30 nm
for n = 1.5 and λ = 738 nm - to λ/(10n) - corresponding
to about 50 nm nm for n = 1.5 and λ = 738 nm - where n
is the effective refractive index of the first intermediate
layer. Further enhancements can be achieved with judi-
cious choice of the thickness of the first intermediate lay-
er.
[0015] Preferably the thickness of the second interme-
diate layer thickness is chosen in the range from λ/(15n)
- corresponding to about 30 nm for n = 1.5 and λ = 738
nm - to λ/(4n)-corresponding to about 120 nm for n = 1.5
and λ = 738 nm - preferably from λ/(12n) - corresponding
to about 40 nm for n = 1.5 and λ = 738 nm - to λ/(5n) -
corresponding to about 100 nm for n = 1.5 and λ = 738
nm - and more preferably from λ/(10n) - corresponding
to about 50 nm for n = 1.5 and λ = 738 nm - to λ/(7n) -
corresponding to about 70 nm for n = 1.5 and λ = 738
nm - where n is the effective refractive index of the second
intermediate layer. Further enhancements can be
achieved with judicious choice of the thickness of the
second intermediate layer.
[0016] Preferably the thickness of the host medium is
chosen in the range from λ/(50n) - corresponding to about

10 nm for n = 1.5 and λ = 738 nm - to λ/(4n) - correspond-
ing to about 120 nm for n = 1.5 and λ = 738 nm - preferably
from λ/(25n) - corresponding to about 20 nm for n = 1.5
and λ = 738 nm - to λ/(6n) - corresponding to about 80
nm for n = 1.5 and λ = 738 nm-and more preferably from
λ/(15n) - corresponding to about 30 nm for n = 1.5 and
λ = 738 nm - to λ/(10n) - corresponding to about 50 nm
for n = 1.5 and λ = 738 nm - where n is the effective
refractive index of the host layer. Further enhancements
can be achieved with judicious choice of the thickness
of the host layer.
[0017] According to one preferred embodiment of the
invention the host medium is made from diamond or
GaAs. Further enhancements are can be achieved with
judicious choice of the material for the host medium.
[0018] According to another preferred embodiment of
the invention at least one out of the reflector layer or
director layer is made out from aluminium, copper, silver,
gold or a combination of thereof.
[0019] According to one preferred embodiment of the
invention at least one out of the first intermediate layer
or the second intermediate layer is made out from silica,
ITO (indium tin oxide) or is an air gap.
[0020] According to another aspect of the invention the
top layer is made from silica aerogel or is an air gap.
[0021] According to one aspect of the invention the col-
lection medium is made from glass or is air.
[0022] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.
[0023] In the drawings:

Fig. 1 shows a cross-sectional view of a layer struc-
ture of an embodiment of the present invention;
and

Fig. 2 shows a cross-sectional view of a layer struc-
ture of another preferred embodiment of the
present invention.

[0024] Fig. 1 shows a cross-sectional view of a layer
structure 1 in accordance with a preferred embodiment
of the present invention. A dipole emitter 5 is positioned
a distance d1 away from a reflector layer 3 in an host
medium 2. The dipole emitter 5 induces an image dipole.
When the two dipoles radiate with an appropriate phase
delay, they give rise to a beaming effect in one direction.
[0025] Further directionality is obtained by positioning
a director layer 4 in the radiation direction at a distance
d2 away from the dipole emitter 5. A horizontal arrow
indicates the Hertzian dipole in the host medium 2 placed
at a distance d1 and d2 from reflector layer 3 and director
layer 4, respectively. A first intermediate layer 8 contig-
uous to the reflector layer 3 and a second intermediate
layer 9 contiguous to the director layer 4 space the host
medium 2 apart from the reflector layer 3 and director
layer 4. The inclusion of the two intermediate layers 8, 9
made e.g. of glass can significantly suppress the coupling
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to SPP modes and increase the outcoupling efficiency
and the directionality.
[0026] Fig.2 shows a cross-sectional view of a layer
structure 1 of another preferred embodiment of the
present invention. The cross-sectional view is similar to
the view of Fig. 1 whereby an additional top layer 11
spaces the director layer 4 from the collection medium
10. By adding an additional top layer between the director
layer 4 and the collection medium 10 the outcoupling
efficiency and the directionality of the device can be fur-
ther improved by suppressing the role of SPP and by
narrowing the emission pattern.
[0027] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments.
[0028] Other variations to be disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. The mere fact that cer-
tain measures are recited in mutually different dependent
claims does not indicate that a combination of these
measures cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting
scope.

List of reference signs

[0029]

1 layer structure
2 host medium
3 reflector layer
4 director layer
5 dipole emitter
8 first intermediate layer
9 second intermediate layer
10 collection medium
11 top layer

Claims

1. Device for beaming and/or collecting of light emitted
by a light source, the device comprising a reflector
layer (3) and a director layer (4),

wherein a dipole emitter (5) or an absorber is
positioned at a distance d1 away from the reflec-
tor layer (3),
wherein the director layer (4) is positioned in the
radiation direction of the dipole emitter (5) or in
the absorption direction of the absorber, respec-
tively,

wherein the director layer (4) is positioned at a
distance d2 away from the dipole emitter (5) or
the absorber, respectively, between a host me-
dium (2) hosting the dipole emitter (5) or the ab-
sorber, respectively, together with a collection
medium, characterized in that
between the reflector layer (3) and the host me-
dium (2) a first intermediate layer (8) is provided
and
between the host medium (2) and the director
layer (4) a second intermediate layer (9) is pro-
vided.

2. Device according to claim 1, characterized in that
d1 (6) is chosen within the range λ/(6n) ≤ d1 ≤ λ/(4n),
where λ is the emission wavelength and n is the re-
fractive index of host medium (2).

3. Device according to any previous claim, character-
ized in that the refractive indices of the first inter-
mediate layer (8) and second intermediate layer (9)
are both smaller than the refractive index of the host
medium (2).

4. Device according to any previous claim, character-
ized in that between the director layer (4) and the
collection medium (10) a top layer (11) is provided.

5. Device according to claim 4, characterized in that
the refractive index of the top layer (11) is smaller
than the refractive index of the collection medium
(10).

6. Device according to any previous claim, character-
ized in that the thickness of the first intermediate
layer (8) is chosen in the range from λ/(50n) to λ/(5n),
preferably from λ/(25n) to λ/(6n), and more prefera-
bly from λ/(15n) to λ/(10n), where n is the effective
refractive index of the first intermediate layer.

7. Device according to any previous claim, character-
ized in that the thickness of the second intermediate
layer (9) is chosen in the range from λ/(15n) to λ/(4n),
preferably from λ/(12n) to λ/(5n), and more prefera-
bly from λ/(10n) to λ/(7n), where n is the effective
refractive index of the second intermediate layer.

8. Device according to any previous claim, character-
ized in that the thickness of the host medium (2) is
chosen in the range λ/(50n) (corresponding to about
10 nm for n = 1.5 and λ = 738 nm) to λ/(4n) (corre-
sponding to about 120 nm for n = 1.5 and λ = 738
nm), preferably from λ/(25n) (corresponding to about
20 nm for n = 1.5 and λ = 738 nm) to λ/(6n) (corre-
sponding to about 80 nm for n = 1.5 and λ = 738 nm),
and more preferably from λ/(15n) (corresponding to
about 30 nm for n = 1.5 and λ = 738 nm) to λ/(10n)
(corresponding to about 50 nm for n = 1.5 and λ =
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738 nm), where n is the effective refractive index of
the host layer.

9. Device according to any previous claim, character-
ized in that the host medium (2) is made from dia-
mond or GaAs.

10. Device according to any previous claim, character-
ized in that at least one out of the reflector layer (3)
or director layer (4) is made from aluminium, copper,
silver, gold or a combination thereof.

11. Device according to any previous claim, character-
ized in that at least one out of the first intermediate
layer (8) or the second intermediate layer (9) is made
from silica, indium tin oxide or is an air gap.

12. Device according to any previous claim, character-
ized in that the top layer (11) is made from silica
aerogel or is an air gap.

13. Device according to any previous claim, character-
ized in that the collection medium (10) is made from
glass or is air.
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