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(57) ABSTRACT

The invention relates to an optical coupler (10) in a vertical
configuration, comprising a first waveguide (12) and a second
waveguide (14). The optical coupler (10) comprises a third
waveguide (16) distinct from the first and second waveguides
(12, 14) and extending parallel to the first and second
waveguides (12, 14), the third waveguide (16) being arranged
between the first waveguide (12) and the second waveguide
(14) in a transverse direction (X) perpendicular to the longi-
tudinal direction (Z) and having parameters influencing the
evanescent wave coupling between the first waveguide (12)
and the second waveguide (14), those parameters being cho-
sen such that the coupling (C) is greater than 15%.
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OPTICAL COUPLER PROVIDED WITH AN
INTERMEDIATE WAVEGUIDE

[0001] The present invention relates to an optical coupler, a
component comprising such an optical coupler, a determina-
tion method, and a method for manufacturing such an optical
coupler.

[0002] The invention is situated in the field of the hetero-
geneous integration of laser sources on an integrated optical
structure. Such integrations are applicable in various fields
using components from integrated photonics. Applications
include optical telecommunications, optical sensors and bio-
photonics. For these different applications, there is a need for
structures making it possible to guide the light effectively.
[0003] Integrated photonics developed on substrates such
as glass, silicon or III-V materials. It will be recalled that a
semiconductor of type “III-V” is a composite semiconductor
manufactured from one or more elements from column III of
the periodic table of elements (boron, aluminum, gallium,
indium, etc.) and one or more elements from column V or
pnictogens (nitrogen, phosphorus, arsenic, antimony, etc.). It
is desirable instead to use silicon substrates, since silicon
substrates make it possible to integrate both optical compo-
nents and electronic components.

[0004] However, no monolithic laser source effective on
silicon yet exists. To offset this problem, heterogeneous laser
source integrations using III-V materials on a silicon sub-
strate are generally used.

[0005] To obtain effective coupling of the laser light created
by the laser source in the I1I-V material with a silicon guiding
structure, it has been proposed to use evanescent waves to
couple a passive waveguide of the silicon guide structure with
the laser source. The coupling is related to the ratio between
the amplitude of the electric field of the wave circulating in
the passive waveguide and the amplitude of the electric field
of'the wave emitted by the laser source. More specifically, the
coupling is defined by formula C=I12/(11+12), where C is the
coupling, 11 is the intensity of the electric field in the laser,
and 12 is the intensity of the electric field in the passive
waveguide. Furthermore, it will be recalled that a passive
waveguide is a waveguide with no active element.

[0006] The obtainment of the coupling between the laser
source and the passive waveguide requires that the laser
source be very close to the passive waveguide. The coupling
in fact greatly depends on the spacing between the laser
source and the passive waveguide. This proximity is often
difficult to obtain in practice, since the passive waveguide
should be protected by depositing an insulating layer degrad-
ing the laser source, in particular due to the temperature at
which the deposition is done.

[0007] To avoid this problem, document WO-A-03/054,
596 proposes producing a passive waveguide including an
optical relief with gradual efficiency.

[0008] However, this type of structure is difficult to produce
in a technology involving silicon.

[0009] Additionally, more generally, the passive
waveguide includes a core and a cladding as the laser source.
When the optical index of the core of the laser source is lower
than the optical index of the gain of the passive waveguide,
leaks of the guided mode(s) in the core of the laser source
occur toward the cladding of the passive waveguide.

[0010] There is therefore a need for an optical coupler
limiting the leaks of the guided modes in the laser source
toward the substrate.
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[0011] To that end, the invention relates to an optical cou-
pler in a vertical configuration comprising a first waveguide
extending in a longitudinal direction, the first waveguide
including a first core and a first cladding each having an
optical index and a second waveguide distinct from the first
waveguide and extending parallel to the first waveguide, the
second waveguide including a second core and a second
cladding having an optical index, the optical index of the first
core of the first waveguide being lower than the optical index
of'the second cladding of the second waveguide. The optical
coupler further comprises a third waveguide distinct from the
first and second waveguides and extending parallel to the first
and second waveguides, the third waveguide being arranged
between the first waveguide and the second waveguide in a
transverse direction perpendicular to the longitudinal direc-
tion and having parameters influencing the evanescent wave
coupling between the first waveguide and the second
waveguide, those parameters being chosen such that the cou-
pling is greater than 15%.

[0012] Such a coupler limits the leaks of the guided modes
in the laser source toward the substrate.

[0013] Such an optical coupler makes it possible to obtain
better coupling. The optical coupler is easy to manufacture,
since only techniques from microelectronics are used.
[0014] According to specific embodiments, the optical cou-
pler comprises one or more of the following features, consid-
ered alone or according to any technically possible combina-
tions:

[0015] said parameters of the third waveguide influenc-
ing the evanescent wave coupling between the first
waveguide and the second waveguide are chosen such
that the coupling is greater than 30%, preferably greater
than 50%.

[0016] the third waveguide includes an upper layer, a
lower layer and a third core, said parameters of the third
waveguide influencing the evanescent wave coupling
between the first waveguide and the second waveguide
being the dimensions in two perpendicular directions as
well as the optical indices of the upper layer, the lower
layer and the third core.

[0017] the third waveguide includes a third cladding and
a third core, each cladding of a waveguide having an
optical index lower than the optical index of the core of
each waveguide adjacent to the waveguide of the con-
sidered cladding.

[0018] the first waveguide is an active waveguide and the
second and third waveguides are passive waveguides.

[0019] the firstcore is made from a material belonging to
column IIT of the periodic table formed with a material
according to column V of the periodic table and two
lower and upper layers surrounding the core.

[0020] the third waveguide includes an upper layer, a
lower layer and a core, the third core of the third
waveguide having a variable dimension along the trans-
verse direction.

[0021] the optical coupler includes a substrate, made
from a first material that is preferably silicon, in which
the second waveguide and the third waveguide are bur-
ied, the first waveguide being arranged in contact with
the substrate and made from a material different from the
first material.

[0022] the second waveguide is at a distance of at least 5
millimeters from the first waveguide in the transverse
direction.
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[0023] the optical coupler further comprises a fourth
waveguide distinct from the first, second and third
waveguides and extending parallel to the first, second
and third waveguides, the fourth waveguide being
arranged between the third waveguide and the second
waveguide and having parameters influencing the eva-
nescent wave coupling between the first waveguide and
the second waveguide, the set of parameters of the third
waveguide and the fourth waveguide being chosen such
that the coupling is greater than 15%.

[0024] the parameters of the third waveguide and the
fourth waveguide influencing the evanescent wave cou-
pling between the first waveguide and the second
waveguide are chosen such that the coupling is greater
than 30%, preferably greater than 50%.

[0025] The invention also relates to an optical component
including an optical coupler as previously described.

[0026] Furthermore, the present invention also relates to a
method for determining parameters of an optical coupler in a
vertical configuration comprising a first waveguide extending
in a longitudinal direction, the first waveguide including a
first core and a first cladding each having an optical index and
a second waveguide distinct from the first waveguide and
extending parallel to the first waveguide, the second
waveguide including a second core and a second cladding
having an optical index, the optical index of the first core of
the first waveguide being lower than the optical index of the
second cladding of the second waveguide, and a third
waveguide distinct from the first and second waveguides and
extending parallel to the first and second waveguides. The
third waveguide is arranged between the first waveguide and
the second waveguide in a transverse direction perpendicular
to the longitudinal direction and having parameters influenc-
ing the evanescent wave coupling between the first waveguide
and the second waveguide. The determination method
includes a step for choosing parameters such that the coupling
is greater than 15%.

[0027] Furthermore, the invention also relates to a method
for manufacturing an optical coupler as previously described,
comprising steps for manufacturing different waveguides
involving techniques for deposition, epitaxy, polishing and
material removal by etching.

[0028] The manufacturing method makes it possible to
obtain the optical coupler previously described using only
microelectronics techniques. Such techniques are particu-
larly easy to implement.

[0029] Other features and advantages of the invention will
appear upon reading the following description of embodi-
ments of the invention, provided as an example only and in
reference to the drawings, which are:

[0030] FIG. 1, a diagrammatic cross-sectional view of an
optical coupler according to a first embodiment of the inven-
tion,

[0031] FIG.2, amapping ofthe electrical field in the optical
coupler according to FIG. 1 during operation,

[0032] FIG. 3, a graph showing the spatial evolution of the
distribution of the coupling in the different waveguides for the
optical coupler according to FIG. 1,

[0033] FIG. 4, a mapping of the electric field in an optical
coupler according to the state of the art,

[0034] FIG. 5, a graph showing the spatial evolution of the
distribution of the coupling in the different waveguides for the
optical coupler according to the state of the art considered in
FIG. 4,
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[0035] FIGS. 6 to 13, diagrammatic cross-sectional illus-
trations of the element obtained at different stages of the
implementation of the method for manufacturing the optical
coupler according to the first embodiment illustrated by FIG.
15

[0036] FIG. 14, a diagrammatic cross-sectional view of an
example of an optical coupler according to a second embodi-
ment of the invention.

[0037] FIG. 15, a mapping of the electrical field in the
optical coupler according to FIG. 14 during operation, and
[0038] FIG. 16, a graph showing the spatial evolution ofthe
distribution of the coupling in the different waveguides for the
optical coupler according to FIG. 14,

[0039] Inthe context ofthe invention, an optical coupler 10
is proposed as shown in FIG. 1.

[0040] This coupler 10 is in a vertical configuration, i.e., a
configuration in which this optical coupler 10 is capable of
coupling light between two guides offset in a transverse direc-
tion perpendicular to a general propagation direction of the
light.

[0041] The optical coupler 10 comprises a first waveguide
12 extending in a longitudinal direction Z, and a second
waveguide 14 distinct from the first waveguide 12 and extend-
ing parallel to the first waveguide 12.

[0042] The first waveguide 12 includes a first core 22 and a
first cladding 24.

[0043] The second waveguide 14 includes a second core 30
and a second cladding 32.

[0044] The optical index of the core 22 of the first
waveguide 12 is below the optical index of the cladding of the
second waveguide 14.

[0045] The optical coupler 10 comprises a third waveguide
16 distinct from the first and second waveguides 12, 14 and
extending parallel to the first and second waveguides 12, 14.
[0046] The third waveguide 16 is arranged between the first
waveguide 12 and the second waveguide 14 in a transverse
direction perpendicular to the longitudinal direction.

[0047] The third waveguide 16 has parameters influencing
the evanescent wave coupling C between the first waveguide
12 and the second waveguide 14, these parameters being
chosen such that the coupling C is greater than 15%. As a
reminder, in the context of the invention, it is chosen to
express the coupling C as the ratio between the intensity of the
electric field of the wave circulating in the second waveguide
14 and the sum of the intensities of the electric fields of the
waves circulating in the first waveguide 12 and the second
waveguide 14.

[0048] Each parameter characterizing the third waveguide
16 is a parameter influencing the third waveguide 16 influ-
encing the evanescent wave coupling between the first
waveguide 12 and the second waveguide 14.

[0049] When the first waveguide 12 is supplied with power,
the first waveguide 12 emits light in the form of waves guided
in the core of the first waveguide 12.

[0050] Part of the waves guided in the first waveguide 12
then couples with the third waveguide 16 by evanescent
waves. Waves are then guided in the core of the third
waveguide 16.

[0051] Part of the waves guided in the third waveguide 16
then couples with the second waveguide 14 by evanescent
waves. Waves are then guided in the core of the second
waveguide 14.

[0052] The optical coupler 10 is capable of coupling light
guided in the first waveguide 12 toward the second waveguide
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14 via the third waveguide 16. The third waveguide 16 there-
fore serves as an intermediate waveguide.

[0053] The coupler 10 makes it possible to avoid the prob-
lem of leaking in the cladding of the second waveguide 14 of
the mode guided in the first waveguide 12. The introduction of
the third waveguide 16 prevents such a leak. Furthermore,
such an introduction optically insulates the second waveguide
14 with respect to the outside environment of the coupler 10.
[0054] Using the coupler 10 according to the invention
makes it possible to obtain a gain by a factor two in terms of
coupling.

[0055] This better coupling is obtained while preserving
easy manufacturing. In fact, a manufacturing method may be
used using only microelectronics techniques. Such a manu-
facturing method comprises steps for manufacturing
waveguides involving techniques for deposition, epitaxy, pol-
ishing, gluing and material removal by etching.

[0056] Preferably, the parameters influencing the evanes-
cent wave coupling between the first waveguide 12 and the
second waveguide 14 are chosen such that the coupling C is
greater than 30%, preferably greater than 50%.

[0057] Typically, in the case where the third waveguide 16
includes an upper layer, a lower layer and a core, the core
being situated between the upper and lower layers, said
parameters of the third waveguide 16 influencing the evanes-
cent wave coupling between the first waveguide and the sec-
ond waveguide are the dimensions in two perpendicular
directions as well as the optical indices of the upper layer, the
lower layer and the core. Alternatively, other parameters are
used to characterize the third waveguide 16. In particular, a
linear combination of the preceding parameters is interesting.
[0058] The increased coupling between the first waveguide
12 and the second waveguide 14 relative to the coupling
obtained in the state of the art is still more sensitive in the
event each waveguide 12, 14, 16 includes a cladding and a
core, each cladding of a waveguide having an optical index
below the optical index of the core of each waveguide 12, 14,
16 adjacent to the waveguide 12, 14, 16 of the considered
cladding. In fact, in that case, in the absence of a third
waveguide 16, the coupling is zero.

[0059] Preferably, the first waveguide 12 is an active
waveguide, i.e., a waveguide provided with active elements,
while the second waveguide 14 is a passive waveguide, or a
waveguide with no active element. Likewise, the third
waveguide 16 is also a passive waveguide.

[0060] The increased coupling between the first waveguide
12 and the second waveguide 14 is also obtained by making
the dimension of the core of the third waveguide 16 variable
along the direction perpendicular to the propagation direction
of the light.

[0061] Preferably, the second waveguide 14 is at a distance
of at least 5 millimeters from the first waveguide 12 in the
transverse direction, perpendicular to the light propagation
direction. This makes it possible to insulate the second
waveguide 14 from the environment of the first waveguide 12.
[0062] According to one preferred embodiment, the first
waveguide 12 includes a core made from a material belonging
to column III of the periodic table formed with a material
according to column V of the periodic table and two lower and
upper layers surrounding the core. This technology makes it
easier to produce the first waveguide 12.

[0063] To increase this effect, according to one alternative,
the optical coupler 10 includes a substrate, made from a first
material, in which the second waveguide 14 and the third
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waveguide 16 are buried, the first waveguide 12 being
arranged in contact with the substrate and made from a mate-
rial different from the first material. In fact, in that case, the
substrate also contributes to the insulation of the second
waveguide 14 relative to the environment.

[0064] Inorderto still furtherincrease this effect, according
to another alternative, the optical coupler 10 further com-
prises a fourth waveguide distinct from the first, second and
third waveguides 12, 14, 16 extending parallel to the first,
second and third waveguides 12, 14, 16, the fourth waveguide
being arranged between the third waveguide 16 and the sec-
ond waveguide 14 and having parameters influencing the
evanescent wave coupling between the first waveguide 12 and
the second waveguide 14. All of the parameters of the third
waveguide 16 and the fourth waveguide are then chosen such
that the coupling is greater than 15%.

[0065] Preferably, the parameters of the third waveguide 16
and the fourth waveguide influencing the evanescent wave
coupling between the first waveguide 12 and the second
waveguide 14 are chosen such that the coupling C is greater
than 30%, or preferably greater than 50%.

[0066] Hereinafter, specific embodiments are described
more precisely. This is in particular the case for the optical
coupler 10 of FIG. 1.

[0067] For the rest of the description, a longitudinal direc-
tion is defined corresponding to a general propagation direc-
tion of the light. A transverse direction is also defined perpen-
dicular to the longitudinal direction and contained in the
plane of FIG. 1. The longitudinal and transverse directions are
respectively symbolized by an axis Z and an axis X in FIG. 1.
Thus, the third waveguide 16 is arranged between the first
waveguide 12 and the second waveguide 14 in the transverse
direction X.

[0068] Furthermore, when the term “index” is used for a
medium, that term refers to the refraction index of that
medium, which is a property without characteristic dimen-
sion of that medium and describing the behavior of the light in
that medium. In the event the medium has an index gradient,
the term “index” refers to the mean of the index in that
medium.

[0069] As previously indicated, FIG. 1 shows an optical
coupler 10, including a first waveguide 12, a second
waveguide 14 and a third waveguide 16 arranged between the
first waveguide 12 and the second waveguide 14 in the trans-
verse direction X. The optical coupler 10 comprises a sub-
strate 18 in which the second waveguide 14 and the third
waveguide 16 are buried, the first waveguide 12 resting on the
substrate 18.

[0070] The optical coupler 10 is capable of coupling light
from the first waveguide 12 toward the second waveguide 14.
[0071] As previously defined, “vertical configuration”
refers to a configuration in which the optical coupler is
capable of coupling light between two guides offset in the
transverse direction X. Conversely, “horizontal configura-
tion” refers to a configuration in which the optical coupler is
capable of coupling light between two guides aligned along
the transverse direction X. In the example of FIG. 1, the
optical coupler 10 is in a vertical configuration.

[0072] The first waveguide 12 extends in the longitudinal
direction Z between a first entry plane 12¢ and a first exit
plane 12s. Each first plane 12e¢ and 12s is a plane perpendicu-
lar to the longitudinal direction Z.

[0073] The first core 22 is formed by a layer extending
along the longitudinal direction Z. The first core 22 has a
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dimension €22 along the transverse direction X of 1.5
microns (um) and a dimension 122 along the longitudinal
direction Z of several millimeters. However, its dimension
along the longitudinal direction along a coupling zone (de-
fined by the overlap with the second core 30) is typically
approximately 100 pm.

[0074] The first core 22 is, for example, a heterostructure
made from a first material in a mixture made up of Aluminum
(Al), Indium (In), and Arsenic (As) (with formula AllnAs)
and a second material that is a mixture made up of Gallium
(Ga), Indium (In), and Arsenic (As) (with formula GalnAs).
Hereinafter, the index ncl of the first core 22 is equal to 3.3,
which mathematically translates to nc1=3.3.

[0075] More generally, the first core 22 is made from a gain
material, i.e., a material capable of generating the stimulated
emission of photons following an excitation.

[0076] The first cladding 24 has a first upper layer 26 and a
first lower layer 28, the first core 22 being arranged between
the first upper layer 26 and the first lower layer 28.

[0077] The first upper layer 26 has a dimension €26 along
the transverse direction X of approximately 1 pm and a
dimension 126 along the longitudinal direction Z of approxi-
mately 100 um.

[0078] The first lower layer 28 has a dimension ¢28 along
the transverse direction X of approximately 1 pm and a
dimension 128 along the longitudinal direction Z of approxi-
mately 100 um.

[0079] According to the example of FIG. 1, the first upper
layer 26 and the first lower layer 28 are made from the same
material. This material is the material from which the first
cladding 24 is made.

[0080] In the illustrated case, the material is indium phos-
phorus.
[0081] Alternatively, the first upper layer 26 and the first

lower layer 28 are made from two different materials.
[0082] The index ngl of the first cladding 24 is then equal
to 3.1, which mathematically translates to ng1=3.1.

[0083] The first waveguide 12 forms an active waveguide.
“Active waveguide” refers to a waveguide including at least
one layer formed from an active material capable of generat-
ing a wave. In the case of FIG. 1, the first core 22 is such a
layer.

[0084] More specifically, the first waveguide 12 is a laser
waveguide, i.e., a laser source. The first waveguide 12 is for
example a so-called quantum cascade laser source (more
often designated using its acronym, QCL). Such a waveguide
12 is capable of generating laser waves with a wavelength of
4.5 pm.

[0085] The first waveguide 12 is capable of propagating the
waves according to propagation modes respectively corre-
sponding to an effective index. In fact, depending on the field
distribution, each propagation mode sees a different index of
the materials making up the waveguide depending on each
propagation mode. The index seen by each propagation mode
defines the effective index.

[0086] The second waveguide 14 extends in the longitudi-
nal direction Z between a second entry plane 14e and a second
exit plane 14s. Each second plane 14e and 14s is a plane
perpendicular to the longitudinal direction Z. The first exit
plane 125 is positioned between the first entry plane 12¢ and
the second exit plane 14e.

[0087] According to one alternative, the second entry plane
14e is positioned between the first entry plane 12¢ and the first
exit plane 12s.
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[0088] The second core 30 is formed by a layer extending
along the longitudinal direction Z. The second core 30 has a
dimension e30 along the transverse direction X of 0.61 um
and a dimension 122 along the longitudinal direction Z is 150
pm.

[0089] The second core 30 is for example made from sili-
con-germanium. As a result, the index nc2 of the second core
30 is equal to 3.6, which mathematically translates to nc2=3.
6.

[0090] The second cladding 32 includes a second upper
layer 34 and a second lower layer combined with the substrate
18.

[0091] Alternatively, the second cladding 32 comprises a
second lower layer distinct from the substrate 18.

[0092] The second upper layer 34 has a dimension e34
along the transverse direction X of approximately 1 um and a
dimension 134 along the longitudinal direction Z of approxi-
mately 100 um.

[0093] The second cladding 32 is for example made from
silicon. The index ng2 of the second cladding 32 is then equal
to 3.4, which mathematically translates to ng2=3.4.

[0094] The second waveguide 14 is a passive waveguide,
i.e., a waveguide not including a layer made from an active
material.

[0095] The second waveguide 14 is buried in the substrate
18, i.e., itis optically insulated from the surrounding medium.
For example, the second waveguide 14 is arranged at a dis-
tance of 5 mm from the first waveguide 12 along the trans-
verse direction X. The second waveguide 14 is capable of
allowing the propagation of propagation modes each corre-
sponding to an effective index.

[0096] The substrate 18 is formed by a layer extending
along the longitudinal direction Z extending between an entry
plane 18¢ and an exit plane 18f. According to the example of
FIG. 1, the exit plane 18/ of the substrate 18 is combined with
the second exit plane 14s, while the first entry plane 12e is
between the entry plane 18e of the substrate 18 and the first
exit plane 12s.

[0097] The substrate 18 has a dimension e18 along the
transverse direction of several microns and a dimension 118
along the longitudinal direction Z of approximately one hun-
dred microns.

[0098] The substrate 18 is for example made from silicon.
The index ns18 of the substrate 18 is then equal to 3.4, which
mathematically translates to ns18=3.4.

[0099] More generally, according to one preferred embodi-
ment, the material of the substrate 18 is different from the
materials of the different layers (first upper layer 26, first
lower layer 28 and first core 22) of the first waveguide 12. As
a result, reference is made to a heterogeneous integration of
the first waveguide 12 on the substrate 18.

[0100] The third waveguide 16 extends along the longitu-
dinal direction Z between a third entry plane 16¢ and a third
exit plane 16s. Each third plane 16e¢ and 16s is a plane per-
pendicular to the longitudinal direction Z. The third entry
plane 16¢ is positioned between the entry plane 18e of the
substrate 18 and the first entry plane 12e. The third exit plane
16s is positioned between the second entry plane 14e and the
second exit plane 14s.

[0101] Alternatively, the third entry plane 16e is positioned
between the first entry plane 12¢ and the first exit plane 16s.
[0102] Furthermore, the third waveguide 16 is arranged
between the first waveguide 12 and the second waveguide 14.
Thus, it may be considered that the third waveguide is adja-



US 2016/0246020 Al

cent on the one hand to the first waveguide 12 and adjacent on
the other hand to the second waveguide 14.

[0103] The third waveguide 16 includes a third core 36 and
a third cladding 38.

[0104] The third core 36 is formed by a layer extending
along the longitudinal direction Z. The third core 36 has a
dimension e36 along the transverse direction X and a dimen-
sion 136 along the longitudinal direction Z.

[0105] The third core 26 is made from a material having an
index denoted nc3. The third cladding 38 has a third upper
layer 40 and a third lower layer 42, the third core 36 being
arranged between the third upper layer 40 and the third lower
layer 42.

[0106] Thus, the third upper layer 40 is arranged between
the first lower layer 22 and the third core 36.

[0107] The third upper layer 40 has a dimension e40 along
the transverse direction X and a dimension 140 along the
longitudinal direction Z.

[0108] The third upper layer 40 is made from a material
having an index denoted n40.

[0109] The third lower layer 42 is arranged between the
third core 36 and the second upper layer 34.

[0110] The third lower layer 42 has a dimension e42 along
the transverse direction X and a dimension 142 along the
longitudinal direction Z.

[0111] The third lower layer 42 is made from a material
having an index denoted n42.

[0112] The third waveguide 16 is a passive waveguide. The
third waveguide 14 is thus capable of allowing the propaga-
tion of propagation modes each corresponding to an effective
index.

[0113] It appears that the third waveguide 16 is character-
ized by a plurality of parameters that are, for each of the three
layers (third core 26, upper layer 40 and lower layer 42), the
dimension of the layer considered along the longitudinal
direction Z, the dimension of the layer considered along the
transverse direction X, and the index in which the considered
layer is made. The parameters that characterize the third
waveguide 16 are parameters influencing the coupling
between the first waveguide 12 and the second waveguide 14.
[0114] Alternatively, other parameters are used to charac-
terize the third waveguide 16. In particular, a linear combi-
nation of the dimension parameters of the layer considered
along the longitudinal direction Z and dimensions of the layer
considered along the transverse direction X is interesting.
[0115] As anexample, instead of using the aforementioned
dimensions, the distances d1 and d2 are used, which are
respectively defined as the distance between the first
waveguide 12 and the second waveguide 14 in the transverse
direction X, and the distance between the first waveguide 12
and the third waveguide 16 in the transverse direction X. For
example, the distance between two waveguides in the trans-
verse direction X is the distance between the cores of the
waveguides and the transverse direction X. The distance
between the third entry plane 16¢ and the first entry plane 12e
in the longitudinal direction Z or the distance between the
third exit plane 16s and the second entry plane 14e in the
longitudinal direction Z are other examples of parameters that
can be taken into account. According to the invention, the
parameters characterizing the third waveguide 16 verify a first
property denoted P1. The first property P1 is verified when the
evanescent wave coupling between the first waveguide 12 and
the second waveguide 14 is greater than 15%. As a reminder,
in the context of the invention, it is chosen to express the
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coupling as the ratio between the intensity of the electric field
of the wave circulating in the second waveguide 14 and the
sum of the intensities of the electric fields of the wave circu-
lating in the first waveguide 12 and the second waveguide 14.
Hereinafter, the coupling thus defined is denoted “C”, which
is a number with no unit.

[0116] Inamanner known in itself, for an imposed evanes-
cent wave coupling, one skilled in the art is capable of deter-
mining the missing parameters of the coupler 10 that need to
be chosen. In fact, the transfer of light from one waveguide to
another waveguide implies that the guided propagation
modes of each guide are close enough to each other for their
evanescent part to have a non-zero overlap. The optimal cou-
pling length then depends on this overlap, which in turn
depends on optogeometric characteristics of the considered
waveguides.

[0117] For example, it is known from the book entitled
Optical waveguide theory by A. W. Sneider and J. D. Love,
published by Chapman and Hall in 1983, that for two
waveguides A and B close enough for the evanescent part of
the propagation modes of the waves circulating in those two
guides to overlap, the length L corresponding to the maxi-
mum coupling from the waveguide A toward the waveguide B
to the other may be written:

Le=

VK2 +62
Where:
[0118]
ks
0= X(”eij — ReB)

where

[0119] A is the length in the vacuum,

[0120] n,., is the effective index of the considered

propagation mode circulating in the waveguide A, and
[0121] 14 is the effective index of the considered
propagation mode circulating in the waveguide B,

&g k >
K= |2 —fA(n VE,Ejd A
Ho 4
S

where
[0122] e, is the dielectric permeability in the vacuum,
[0123] u, is the magnetic permeability in the vacuum,
[0124] k is the number of waves associated with the

wavelength A,

[0125] A(n®)is the squared index difference between the
index of the core of the waveguide B and the index of the
cladding of the waveguide A,

[0126] E, is the electric field of the considered propaga-
tion mode in the waveguide A,

[0127] E, is the electric field of the considered propaga-
tion mode in the waveguide B,

[0128] “** designates the mathematical conjugation
operation, and

[0129] S; is the core section of the waveguide B.
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[0130] In order to perform the calculations, one skilled in
the art usually uses digital simulation tools in particular to
calculate the fields of the propagation modes of the
waveguides A and B.

[0131] To manage to determine the different parameters in
the context of the invention, the preceding formula should be
used to optimize the coupling between the first waveguide 12
and the third waveguide 14 on the one hand, and the coupling
between the third waveguide 14 and the first waveguide 12 on
the other hand. The details of the equations associated with
this double optimization are not described in more detail,
since one skilled in the art is capable of extending the concept
proposed for two waveguides A and B to the three waveguides
12, 14, 16 of the coupler 10.

[0132] Implementing such an optimization leads, in the
case of FIG. 1, for example, to the following choice.

[0133] The third core 36 is for example made from germa-
nium. As a result, the index nc3 of the third core 36 is equal to
4.0, which mathematically translates to nc3=4.0.

[0134] The dimension e36 along the transverse direction X
of'the third core 30 is 0.4 um and the dimension 136 along the
longitudinal direction Z of the third core 30 is approximately
one hundred microns.

[0135] Thetwo upper 40 and lower 42 third layers are made
from a same material, in this case zinc sulfide. The index n40
of'the upper layer 40 is therefore equal to the index n42 of the
lower layer 42, which mathematically translates to
n40=n42=2.2. The value of 2.2 corresponds to the index of the
zinc sulfide.

[0136] The dimension e40 along the transverse direction X
and the dimension 140 along the longitudinal direction Z of
the third upper layer 40 are respectively approximately one
micron and approximately one hundred microns.

[0137] The dimension e42 along the transverse direction X
and the dimension 142 along the longitudinal direction Z of
the third lower layer 42 are respectively approximately one
micron and approximately one hundred microns.

[0138] The operation of the optical coupler 10 according to
the invention will now be described.

[0139] When the first waveguide 12 is supplied with power,
the first waveguide 12 emits light in the form of waves guided
in the first core 22.

[0140] Part of the waves guided in the first core 22 then
couples with the third waveguide 16 by evanescent waves.
Waves are then guided in the third core 36.

[0141] Part of the waves guided in the third core 36 then
couples with the second waveguide 14 by evanescent waves.
Waves are then guided in the second core 30.

[0142] The coupler 10 makes it possible to couple light
guided in the first core 22 toward the second waveguide 30 via
the third waveguide 16. The third waveguide therefore serves
as an intermediate waveguide.

[0143] FIGS. 2 and 3 are simulations showing the distribu-
tion of the light energy in the optical coupler 10 according to
FIG. 1. Upon observing FIG. 3, it appears that on the entry
plane 12¢ of the first waveguide 12, the intensity of the elec-
tric field is 100%, whereas on the exit plane 14s of the second
waveguide 14, the intensity of the electric field is 20%, which
shows that the coupling C is approximately 20%.

[0144] This shows that the parameters chosen for the cou-
pler 10 of FIG. 1, i.e., for each of the three layers (third core
26, upper layer 40 and lower layer 42), the dimension along
the longitudinal direction Z of the considered player, the
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dimension along the transverse direction X ofthe considered
layer and the optical index in which the considered layer is
made, verify the property P1.

[0145] The coupling C obtained upon studying FIG. 3
should be compared to the coupling obtained with an optical
coupler according to the state of the art.

[0146] Such an optical coupler according to the state of the
art is a coupler without a third intermediate waveguide.
[0147] In that case, FIGS. 4 and 5 are obtained by simula-
tion. Upon studying FIG. 5, it is observed that the coupling C
is low, approximately 10%. In other words, using the coupler
10 according to the invention makes it possible to obtain a
gain by a factor two in terms of coupling.

[0148] This better coupling is obtained while preserving
easy manufacturing. To illustrate this advantage, it is now
described in reference to FIGS. 6 to 13.

[0149] As appears upon studying the values of the example
of FIG. 1, in the absence of the third waveguide 14, since the
index ng2 of the second gain is greater than the index ncl of
the first core 20, the coupling is physically impossible. The
introduction of the third waveguide 14 makes it possible, for
each waveguide, for the index of the cladding of the
waveguide to be below the indices of the core(s) of each
adjacent waveguide.

[0150] The manufacturing method first includes the depo-
sition of a silicon substrate 18. For example, the deposition
step 102 is for example implemented using a technique
known in itself for chemical vapor deposition (CVD) or
physical vapor deposition (PVD). The obtained substrate
layer 18 is diagrammatically illustrated in FIG. 6.

[0151] The manufacturing method next includes manufac-
turing a silicon and germanium layer 100 on the silicon sub-
strate 18. According to the proposed example, the manufac-
turing is implemented using silicon and crystalline
germanium epitaxy. Epitaxy is an ordered growth technique
of'two materials (in this case, silicon and germanium) relative
to one another that have a certain number of shared symmetri-
cal elements in their crystalline networks. The assembly of
the substrate layer 18 and the silicon and germanium layer
100 obtained at the end of this step of the method is diagram-
matically illustrated in FIG. 7.

[0152] The method next comprises a lithography step done
in the silicon-germanium layer so as to cut out a part of the
layer 100 to obtain a layer forming the second core 30 of the
second waveguide 14. The assembly of the substrate layer 18
and the second core 30 obtained at the end of this step of the
method is diagrammatically illustrated in FIG. 8.

[0153] The method subsequently includes a step for manu-
facturing a silicon layer so as to form the substrate 18 (the
substrate being the base mechanical support on which the thin
layers are deposited) and the upper layer 32 of the second
waveguide 14. This manufacturing step successively includes
an epitaxy step of the layer and polishing step of the layer.
According to the illustrated method example, the polishing
step is carried out using a chemical mechanical polishing
(CMP) technique. The assembly of the substrate 18 and the
second waveguide 14 obtained at the end of this step of the
method is diagrammatically illustrated in FIG. 9.

[0154] The method next comprises a deposition step mak-
ing it possible to form an assembly 102 of three layers
designed to form the third waveguide 16. The assembly 102 of
three layers comprises a first layer 104 designed to form the
third lower layer 42, a second layer 106 designed to form the
third core 36, and a third layer 108 designed to form the third
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upper layer 40. The deposition step first comprises depositing
the first layer 104 of zinc sulfide on the assembly of the
substrate 18 and the second waveguide 14, then depositing the
second layer 106 of germanium on the first layer 104, and
lastly depositing the third layer 108 of zinc sulfide on the
second layer 106. The assembly of the substrate 18, the sec-
ond waveguide 14 with the assembly 102 of three layers 104,
106, 108 obtained at the end of this step of the method is
diagrammatically illustrated in FIG. 10.

[0155] The method next comprises a lithography step done
in the assembly 102 of three layers 104, 106, 108 so as to cut
out a part of the three layers 104, 106, 108 to obtain a layer
forming the third waveguide 16. The lithography step makes
it possible to dimension the assembly 102 to the desired size
for the third waveguide 16. The assembly of the substrate 18,
the second waveguide 14 and the third waveguide 16 obtained
at the end of this step of the method is illustrated in FIG. 11.

[0156] The method next includes a step for manufacturing
silicon parts 110, 112 on either side of the third waveguide 16,
s0 as to bury the second waveguide 14 in the substrate 18. This
manufacturing step successively includes a step for epitaxy of
the parts 110, 112 and a step for polishing of the parts 110, 112
and the upper third part 40. According to the illustrated
example method, the polishing step is carried out using a
CMP technique. The assembly of the substrate 18, the second
waveguide 14 and the third waveguide 16 obtained at the end
of this step of the method is illustrated in FIG. 12.

[0157] The method lastly includes a step for gluing the first
waveguide 12, the result of which is illustrated by FIG. 13.
The gluing step may be gluing by molecular adhesion. It is
also possible to perform gluing by simple epitaxy (thin lay-
ers), then produce the waveguides 12 using techniques similar
to those used for the waveguide 14.

[0158] The method therefore makes it possible to obtain the
optical coupler 10. Implementing this method involves only
the use of proven technologies in the context of the manufac-
ture of planar components, and more particularly components
made from a semiconductor material. In particular, such a
manufacturing method does not involve implementing a tech-
nology for immersion in molten salt baths, which is a delicate
technology to carry out. As a result, the method according to
the invention is particularly easy to implement.

[0159] Furthermore, the optical coupler 10 has the advan-
tage of not imposing constraints on the shape of the first
waveguide 12 and the second waveguide 14. The first
waveguide 12 and the second waveguide 14 can therefore be
optimized to provide an optimal output (ratio between the
output power of the considered device and the incident power
on the considered device) without deteriorating the coupling
C.

[0160] Alternatively, it should be noted that it is possible to
design multiple optical couplers 10 whereof the parameters of
the third waveguide 16 verify the property P1 relative to the
coupling C. These couplers also reduce leaks in the cladding
of the second waveguide of the guided mode in the first core
22.

[0161] In particular, different materials can be considered
to produce the third core 36, the upper third layer 40 and the
lower third layer 42. Specifically, semiconductor materials of
type “III-V” can be considered.

[0162] One criterion for choosing the materials can also be
the ease of manufacturing. For example, it is easier to make
the third core 36 from germanium.
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[0163] These remarks on the materials apply to the materi-
als of all of the layers involved in the coupler 10.

[0164] Furthermore, different forms may be considered for
the layers 36, 40, 42 forming the third waveguide 16.

[0165] This is in particular the case for the coupler 10
according to a second embodiment described in reference to
FIG. 14.

[0166] The identical elements between the coupler 10
according to the second embodiment and the coupler 10
according to the first embodiment are not repeated. Only the
differences are highlighted.

[0167] Inthe case of FIG. 14, the third core 36 has a dimen-
sion along the transverse direction X that increases when the
third core 36 is traveled along the longitudinal direction Z.
[0168] According to the second embodiment, the growth is
linear between an initial value 36/ and a final value e36f. The
initial value e36i is the value of the dimension along the
transverse direction X of the third core 36 at a first end of the
third core 36, while the final value e36f is the value of the
dimension along the transverse direction X of the third core
36 ata second end of the third core 36. In this particular case,
the initial value e36i is equal to 0.4 pm, and the final value
e36fis equal to 0.61 pm.

[0169] Variations of the dimension along the transverse
direction X other than a linear variation can be considered, a
linear variation never the less having the advantage of being
easy to produce with the planar manufacturing technologies
known from the state of the art.

[0170] FIGS. 15 and 16 are simulations showing the distri-
bution of the light energy in the optical coupler 10 according
to FIG. 14. Upon observing FIG. 16, it appears that the inten-
sity of the electric field is 100% in the entry plane 12¢ of the
first waveguide 12, while in the exit plane 14s of the second
waveguide 14, the intensity of the electric field is 80%, which
shows that the coupling C is approximately 80%. This corre-
sponds to a gain by a factor 8 in the intensity in the second
waveguide 14 relative to the state of the art.

[0171] This example also shows that preferably, to obtain
the best coupling, the parameters characterizing the third
waveguide 16 alternatively verify a second property denoted
P2. The second property P2 is verified when the evanescent
wave coupling C between the first waveguide 12 and the
second waveguide 14 is greater than 30%.

[0172] Still more advantageously, alternatively, the param-
eters characterizing the third waveguide 16 verify a third
property denoted P3. The third property P3 is verified when
the evanescent wave coupling C between the first waveguide
12 and the second waveguide 14 is greater than 50%.

[0173] According to other alternatives, it is also possible to
consider more complex patterns. As an example, the optical
coupler 10 includes a plurality of intermediate waveguides. In
that case, all of the parameters characterizing the intermediate
waveguides are such that the evanescent wave coupling
between the first waveguide 12 and the second waveguide 14
is greater than 15% (30%, 50%, respectively, depending on
the selected property). Waveguides 12, 14 and 16 provided
with effective index adaptation means can also be considered.
[0174] Due to the multiplicity of the optical couplers 10
meeting properties P1, P2 or P3, it is also proposed, in the
context of this invention, to have a method for determining
parameters including a step for choosing parameters such that
the coupling C is greater than 15%, 30% or 50%.

[0175] Theoptical coupler 10 obtained is in particular espe-
cially interesting in the case of an integrated gas sensor. More
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generally, such an optical coupler 10 can be used in any
optical component for which it is favorable to implement a
heterogeneous integration.

[0176] It should also be noted that the optical coupler 10 is
also applicable in the case where the first waveguide 12 is not
an active waveguide. As an example, the first waveguide 12 is
an infrared detector comprising an absorbing material at the
wavelength of interest with a layer of material that is trans-
parent at that same wavelength of interest. In the telecommu-
nications field, where the optical chip is used to perform
optical signal processing (for example, demultiplexing, etc.),
it may be interesting to integrate the detectors directly on the
chip for greater compactness.

1. An optical coupler in a vertical configuration, compris-
ing:

a first waveguide extending in a longitudinal direction, the
first waveguide including a first core and a first cladding
each having an optical index,

a second waveguide distinct from the first waveguide,
extending parallel to the first waveguide, the second
waveguide including a second core and a second clad-
ding having an optical index, the optical index of the first
core of the first waveguide being lower than the optical
index of the second cladding of the second waveguide,

the optical coupler further comprising:

a third waveguide distinct from the first and second
waveguides and extending parallel to the first and sec-
ond waveguides, the third waveguide being arranged
between the first waveguide and the second waveguide
in a transverse direction perpendicular to the longitudi-
nal direction and having parameters influencing the eva-
nescent wave coupling between the first waveguide and
the second waveguide, those parameters being chosen
such that the coupling is greater than 15%.

2. The optical coupler according to claim 1, wherein the
optical coupler includes a substrate, made from a first mate-
rial that is preferably silicon, in which the second waveguide
and the third waveguide are buried, the first waveguide being
arranged in contact with the substrate and made from a mate-
rial different from the first material.

3. The optical coupler according to claim 1, wherein said
parameters of the third waveguide influencing the evanescent
wave coupling between the first waveguide and the second
waveguide are chosen such that the coupling is greater than
30%, preferably greater than 50%.

4. The optical coupler according to claim 1, wherein the
third waveguide includes an upper layer, a lower layer and a
third core, said parameters of the third waveguide influencing
the evanescent wave coupling between the first waveguide
and the second waveguide being the dimensions in two per-
pendicular directions as well as the optical indices of the
upper layer, the lower layer, and the third core.

5. The optical coupler according to claim 1, wherein the
third waveguide includes a third cladding and a third core,
each cladding of a waveguide having an optical index lower
than the optical index of the core of each waveguide adjacent
to the waveguide of the considered cladding.

6. The optical coupler according to claim 1, wherein the
first waveguide is an active waveguide and the second and
third waveguides are passive waveguides.
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7. The optical coupler according to claim 1, wherein the
first core is made from a material belonging to column I1I of
the periodic table formed with a material according to column
V of the periodic table and two lower and upper layers sur-
rounding the core.

8. The optical coupler according to claim 1, wherein the
third waveguide includes an upper layer a lower layer and a
core, the third core of the third waveguide having a variable
dimension along the transverse direction.

9. The optical coupler according to claim 1, wherein the
second waveguide is at a distance of at least 5 millimeters
from the first waveguide in the transverse direction.

10. The optical coupler according to claim 1, wherein the
optical coupler further comprises a fourth waveguide distinct
from the first, second and third waveguides and extending
parallel to the first, second and third waveguides, the fourth
waveguide being arranged between the third waveguide and
the second waveguide and having parameters influencing the
evanescent wave coupling between the first waveguide and
the second waveguide,

the set of parameters of the third waveguide and the fourth
waveguide being chosen such that the coupling is greater
than 15%.

11. The optical coupler according to claim 10, wherein the
parameters of the third waveguide and the fourth waveguide
influencing the evanescent wave coupling between the first
waveguide and the second waveguide are chosen such that the
coupling is greater than 30%, preferably greater than 50%.

12. An optical component comprising an optical coupler
according to claim 1.

13. A method for determining parameters of an optical
coupler in a vertical configuration, comprising:

a first waveguides extending in a longitudinal direction, the
first waveguide including a first core and a first cladding
each having an optical index,

a second waveguide distinct from the first waveguide and
extending parallel to the first waveguide, the second
waveguide including a second core and a second clad-
ding having an optical index, the optical index of the first
core of the first waveguide being lower than the optical
index of the second cladding of the second waveguide,

a third waveguide distinct from the first and second
waveguides and extending parallel to the first and sec-
ond waveguides, the third waveguide being arranged
between the first waveguide and the second waveguide
in a transverse direction perpendicular to the longitudi-
nal direction and having parameters influencing the eva-
nescent wave coupling between the first waveguide and
the second waveguide,

the method for determining including a step for choosing
parameters such that the coupling is greater than 15%.

14. A method for manufacturing an optical coupler accord-
ing to claim 1, wherein the method for manufacturing com-
prises steps for manufacturing different waveguides involv-
ing techniques for deposition, epitaxy, polishing, gluing and
material removal by etching.
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