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Description

TECHNICAL FIELD

[0001] The present invention relates to the field of pho-
tonic integrated circuits (PIC). In particular, the present
invention describes an optical coupling scheme, prefer-
ably for optically coupling from chip to chip. To this end,
the present invention presents a waveguide structure for
optical coupling, a chip including such a waveguide struc-
ture, and a method of fabricating the waveguide struc-
ture.

BACKGROUND

[0002] Silicon photonics is rapidly gaining importance
as a generic technology platform for a wide range of ap-
plications. Such applications include, for instance, tele-
com, datacom, interconnect and sensing. Silicon phot-
onics allows implementing photonic functions through
the use of CMOS compatible wafer-scale technologies
on high quality, low cost silicon substrates.
[0003] However, especially for telecom applications it
is difficult to meet all performance requirements, when
using conventional silicon passive devices. Instead, it
has been found that a dramatically improved perform-
ance can be achieved by using high quality silicon nitride
(SiN) technology, which is still a CMOS compatible wafer-
scale technology. As a drawback, active devices cannot
be fabricated using SiN.
[0004] One option to overcome this drawback is to
monolithically integrate SiN waveguides with active de-
vices fabricated using silicon, i.e. devices formed in sili-
con waveguides. However, high temperatures are nec-
essary to ensure a high quality of the SiN waveguides.
This also means that the silicon active devices must be
formed on top of the SiN. This typically requires at least
one wafer bond operation, in order to add silicon layers
of the active devices to a patterned SiN PIC wafer. To
nevertheless achieve high wafer bond yields, stringent
cleanliness and planarization is required, which makes
the fabrication of such integrated devices difficult and
expensive.
[0005] Different groups have attempted to use grating
couplers, in order to transfer light between different chips,
for instance, Zhang et al., in "Inter-layer grating coupler
on double-layer silicon nanomembranes", DOI:
10.1109/OIC.2013.6552911, Optical Interconnects Con-
ference, 2013 IEEE.
[0006] However the reported coupling performance of
these grating couplers is not very good, with optical loss-
es being in the range of 8 dB. This level of optical loss is
too excessive for most telecommunications applications.
[0007] Other groups have attempted to couple light be-
tween different chips using mirrors. However, the optical
losses of nearly 3 dB are still unacceptable for low loss
applications. Further, the fabrication of a mirror is not a
CMOS compatible process.

[0008] Soganci et al. have reported, in "Flip-chip opti-
cal couplers with scalable I/O count for silicon photonics",
July 1, 2013, Vol. 21, No. 13, DOI:
10.1364/OE.21.016075, Optics Express 16075 IBM, a
coupling of light between inverted tapers fabricated in
silicon waveguides and polymer waveguides. The poly-
mer waveguide is provided on a PCB. Losses as low as
1 dB per optical coupler were achieved at specific wave-
lengths, and demonstrate the superior performance,
which can be achieved using adiabatic coupling between
waveguides.
[0009] Similarly, D. W. Vernooy et al. have developed,
in "Alignment-Insensitive Coupling for PLC-Based Sur-
face Mount Photonics", IEEE PTL, 2004, a way of using
adiabatic coupling between III-V chips and silica PLC.
This approach enables a surface mount flip-chip of III-V
components onto a PLC platform with optical losses <
0.5 dB.
[0010] The III-V chip has a low index contrast output
waveguide, and the light is transferred from an indium
phosphide (InP) waveguide into this output waveguide.
This transfer allows the mode to expand significantly, and
to be coupled to a waveguide on the PLC (also of low
index contrast), provided the surface mount brings them
into close enough proximity.
[0011] However, the requirement for the close proxim-
ity of the waveguides requires a complex fabrication proc-
ess. Normally a waveguide would be covered with a thick
overclad material having a refractive index lower than a
waveguide core. Removing this overclad material and
stopping on the waveguide, or leaving a thin layer of the
overclad material is necessary but complicated. Further,
the removal leaves steps on the wafer surface of several
microns height. To the contrary, accurate CMOS
processing requires planar surfaces or steps of below
one micron.
[0012] It has also been shown by Chen et al., in "Low-
Loss and Broadband Cantilever Couplers Between
Standard Cleaved Fibers and High-Index-Contrast SiN
or Si Waveguides", IEEE Photonics Technology Letters,
Vol. 22, No. 23, December 1, 2010, that light can be trans-
ferred from a Si or SiN waveguide into a waveguide
formed by underclad and overclad silica layers. The high
refractive silicon is removed in the vicinity of this ’canti-
lever’ waveguide. The surrounding material can be either
air or a low index contrast polymer. Mode sizes of 4-9
mm can be achieved with this technique. To date this
technique has been proposed specifically to couple light
from a silicon photonics chip into a fiber.
[0013] Further, it is known from US 6,282,345 B1 that
light can be transferred from one waveguide to another
waveguide on the same chip by engineering the respec-
tive widths of the waveguides. This approach has typi-
cally been used on III-V chips, where one layer is the
active area and the other layer is a passive waveguide,
which is more suited to coupling light into fiber.
[0014] WO 03/079053 A2 discloses a programmable
optical chip. The optical chip has a plurality of optical

1 2 



EP 3 091 379 B1

3

5

10

15

20

25

30

35

40

45

50

55

functions, each of which is connected to a waveguide
having a core and a cladding. A photosensitive layer is
disposed between at least three of the waveguides, and
the photosensitive layer has a refractive index similar to
that of the cladding prior to exposure to irradiation. The
photosensitive layer changes refractive index upon ex-
posure to irradiation to selectively form an optical con-
nection between at least two of the waveguides.
[0015] GB 2053555 A discloses a semiconductor
switching device for guiding and amplifying electromag-
netic radiation. An electrode pattern which defines a
number of strip-shaped guiding members is provided on
a layer structure analogous to that of a semiconductor
laser. According to D2 the radiation guiding members
have tapering juxtaposed ends in a transition area. Ad-
jacent radiation guiding members in the transition area
are situated within each other’s amplification profile. The
radiation guiding members are preferably separated from
each other by insulation areas which do not extend to
the common active layer. The invention may be used, for
example, in switching radiation signals between two or
more radiation paths in optical communication.
[0016] EP 2664949 A2 discloses a coupler/separator
which has coplanar waveguides whose two adjacent por-
tions are extended along a same direction. An interca-
lated guide segment is extended between the coplanar
waveguides, where a side of the intercalated guide seg-
ment is rectilinear. One of the portions comprises a con-
stant section and the other portion comprises a variable
section such that the effective index of the latter portion
is passed from upstream to downstream, where the ef-
fective index of the latter portion is lower than the effective
index value of the former portion.
[0017] US 2015/010266 A1 discloses a SOI device
may include a waveguide adapter that couples light be-
tween an external light source e.g., a fiber optic cable or
laser and a silicon waveguide on the silicon surface layer
of the SOI device. In one embodiment, the waveguide
adapter is embedded into the insulator layer. Doing so
may enable the waveguide adapter to be formed before
the surface layer components are added onto the SOI
device. Accordingly, fabrication techniques that use high-
temperatures may be used without harming other com-
ponents in the SOI device e.g., the waveguide adapter
is formed before heat-sensitive components are added
to the silicon surface layer. WO2015/011845 A1 and JP
2008 261952 A also disclose related optical couplers of
the prior art.

SUMMARY

[0018] As is evident from the above description of the
conventional optical coupling schemes a problem is that
the coupling of light is so far not achieved in such a way
that, firstly, all additional processing required is CMOS
compatible (e.g. appropriate for silicon photonics chips),
and that, secondly, the coupling efficiency is high (i.e.
that the optical coupling loss is low) over a wide wave-

length band.
[0019] In view of these disadvantages, an object of the
present invention is to improve the conventional optical
coupling scheme. The present invention has particularly
the object to provide a structure for optical coupling with
low optical losses, wherein the structure is also compat-
ible with CMOS processing.
[0020] The above-mentioned object of the present in-
vention is achieved by the solution provided in the en-
closed independent claims 1 and 8. Advantageous im-
plementations of the present invention are further defined
in the dependent claims. In the following, parts of the
description and drawings referring to embodiments
which are not covered by the claims are not presented
as embodiments of the invention, but as examples useful
for understanding the invention.
[0021] In particular the present invention proposes a
waveguide structure, a chip including said waveguide
structure, and a fabrication method of the waveguide
structure, in order to realize a novel low-loss optical cou-
pling scheme. The coupling scheme is specifically suited
for transfer printing or flip-chip bonding active devices to
a SiN PIC. To this end, the present invention realizes a
waveguide structure, which waveguide structure allows
transferring light, particularly transferring the light adia-
batically, from a first waveguide covered with a cladding
to a second waveguide, a surface waveguide. In this way
it is possible to realize optical adiabatic coupling within
a chip or from chip to chip, while all required processing
remains CMOS compatible.
[0022] A first aspect of the present invention provides
a waveguide structure for optical coupling, comprising a
first waveguide embedded in a cladding of lower refrac-
tive index than the first waveguide, a second waveguide
of higher refractive index than the cladding and distanced
from the first waveguide, and an intermediate waveguide,
of which at least a part is arranged between the first
waveguide and the second waveguide, wherein the first
waveguide and the second waveguide each comprise a
tapered end for coupling light into and/or out of the inter-
mediate waveguide, wherein the first and second
waveguides belong to one chip, the second waveguide
is provided on top of the cladding on the surface of the
chip and the first waveguide is embedded in the chip,
wherein the intermediate waveguide is formed by a filled
trench in the cladding, wherein the trench filling material
is of higher refractive index than the cladding but of lower
refractive index than the first and second waveguides.
[0023] With the three waveguides of the waveguide
structure of the first aspect, light can be transferred, par-
ticularly adiabatically, with very low coupling losses, from
the first waveguide to the second waveguide. The cou-
pling losses and alignment tolerance, when properly de-
signed adiabatic tapers are used, is below 1 dB. Such a
performance cannot be achieved with conventional butt
coupling, grating couplers or mirrors.
[0024] With the waveguide structure of the first aspect,
light can, for instance, be transferred from within a chip
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to the chip’s surface. In other words, the light can be
brought to the surface of the chip. This enables more
efficient optical chip-to-chip coupling, particularly on es-
sentially planar wafers. Alternatively, the light can be
transferred directly from one chip to another chip with
very low optical coupling losses.
[0025] When the waveguide structure of the first aspect
is used for optical chip-to-chip coupling, most of the area
on a first chip, which lies under the attached second chip,
can still be used for integrating circuits, since typically -
for reasons of mechanical stability - the attachment area
of the two chips is significantly larger than the area that
is actually used for optical coupling.
[0026] In fact, with the waveguide structure of the first
aspect, light can efficiently be transferred from the first
waveguide to the second waveguide over a length of less
than 500 mm. Thereby, the first waveguide and the sec-
ond waveguide preferably extend at least substantially
parallel to another in one direction, and the tapered end
of the first waveguide overlaps with the tapered end of
the second waveguide in said extension direction. More
preferably the tapered end of the first waveguide overlaps
with the tapered end of the second waveguide in said
extension direction by about 500 mm or less, even more
preferably by about 400 mm or less, most preferably by
about 300 mm or less.
[0027] All processes required to fabricate the
waveguide structure of the first aspect can be made com-
patible with CMOS processing and foundries, e.g. when
SiN waveguides and silicon dioxide cladding (SiO2) are
used, respectively. The processing also allows fabricat-
ing waveguide structures to be used for a chip-on-board
broadband fiber-coupling scheme without additional
process steps.
[0028] In the first aspect, the intermediate waveguide
is formed in a part of the cladding.
[0029] By using the cladding of the first waveguide for
structuring the intermediate waveguide, i.e. by using the
cladding to transfer the light from the first waveguide to
the second waveguide, the waveguide structure of the
first aspect can be processed faster, CMOS compatible,
and with less material required. Furthermore, more com-
pact waveguide structures can be achieved.
[0030] In an implementation form of the waveguide
structure according to the first aspect, the cladding com-
prises a lower cladding layer and an upper cladding layer,
which cladding layers sandwich the first waveguide, and
the filled trench is provided completely in the upper clad-
ding layer and is arranged between the tapered ends of
the first and second waveguides, respectively.
[0031] Thus, only the upper cladding layer needs to be
structured with the trench, which results in faster process-
ing and higher yields.
[0032] In another implementation form of the
waveguide structure according to the first aspect, the
second waveguide and/or the first waveguide has a re-
fractive index of 1.8 or higher, and the cladding has a
refractive index of 1.5 or lower.

[0033] Consequently, at least the first waveguide, but
preferably also the second waveguide, is a medium or
high index contrast waveguide, i.e. with a high index con-
trast between waveguide and cladding.
[0034] In another implementation form of the
waveguide structure according to the first aspect, the ta-
pered ends of the first and second waveguides taper from
a width of about 0.4 - 1 mm to a width of about 0.1 - 0.2
mm over a length of about 200 - 800 mm.
Such tapered ends enable adiabatic coupling with par-
ticularly low optical coupling losses.
[0035] In another implementation form of the
waveguide structure according to the first aspect, the in-
termediate waveguide has a width of about 2 mm - 4 mm,
and/or the first and second waveguides each have a
width of about 0.2 - 1 mm and a thickness of about 0.05
- 0.4 mm, and/or a distance between the first waveguide
and the second waveguide is about 2 - 4 mm, preferably
about 3 mm.
[0036] Such waveguide structures enable a good light
transmission performance, and optical coupling between
the waveguides with low optical loss.
[0037] In another implementation form of the
waveguide structure according to the first aspect, the
second waveguide and/or the first waveguide are made
of silicon nitride.
[0038] Silicon nitride enables significantly improved
performance, in particular for telecom applications, and
is furthermore fully compatible with CMOS processing.
[0039] In the invention, the first and second
waveguides belong to one chip, and the second
waveguide is provided close to or on the surface of the
chip.
[0040] In this way, light can be brought from the inside
of a chip to the chip surface. The light is mainly guided
within the chip in the first waveguide. Thus, the light trans-
mission performance of the chip is improved. Further,
apart from a dedicated coupling area, the chip surface
can be made more planar and can be used for structuring
or coupling of other devices, e.g. passive or active de-
vices or even other chips. By bringing the light to the chip
surface, the light can nevertheless be coupled out of the
chip more easily. For example, the light can be coupled
to a second chip, which may be attached to the first chip
by flip-chip technique or by transfer printing technique.
The light can also be coupled to any other suitable object
that has at least one waveguide. For instance, the light
could be coupled easily from the chip to a waveguide
designed to optically connect the chip to some point some
distance away e.g. a polymer waveguide or optical fiber
with cladding removed. In an implementation not forming
part of the invention, the first waveguide belongs to a first
chip, and the second waveguide belongs to a second
chip, which second chip is transfer printed onto the first
chip.
[0041] Thereby, low-loss optical chip-to-chip coupling
is achieved in most a direct manner. Instead of using
transfer printing, the second chip may also be provided
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to the first chip by other suitable techniques, for instance
by flip chip.
[0042] A second aspect of the present invention pro-
vides as chip including a waveguide structure according
to the first aspect for optically coupling the chip to an
object including at least one waveguide, for instance an-
other chip.
[0043] Thus, the second aspect presents a chip, which
enables low-loss optical chip-to-chip coupling. For in-
stance, a second similar or identical chip may be inverted
and properly aligned and attached to the first chip. Any
gap between the two chips is preferably filled with a re-
fractive material similar or identical to that of the cladding
layers. Alternatively, the object including at least one
waveguide may be a polymer waveguide.
[0044] A third aspect of the present invention provides
a method of fabricating a waveguide structure for optical
coupling, comprising the steps of forming a first
waveguide with a tapered end, embedding the first
waveguide in a cladding of lower refractive index than
the first waveguide, forming, in a distance to the first
waveguide, a second waveguide with a tapered end,
forming an intermediate waveguide, wherein at least a
part of the intermediate waveguide is formed between
the first waveguide and the second waveguide, wherein
the tapered ends of the first and second waveguides are
each designed for coupling light into and/or out of the
intermediate waveguide, wherein the first and second
waveguides belong to one chip, the second waveguide
is provided on top of the cladding on the surface of the
chip and the first waveguide is embedded in the chip,
wherein the intermediate waveguide is formed by a filled
trench in the cladding, wherein the trench filling material
is of higher refractive index than the cladding but of lower
refractive index than the first and second waveguides.

BRIEF DESCRIPTION OF DRAWINGS

[0045] The above described aspects and implementa-
tion forms of the present invention will be explained in
the following description of specific embodiments in re-
lation to the enclosed drawings, in which

Fig. 1 shows a waveguide structure according to a
basic example not forming part of the present inven-
tion.

Fig. 2 shows, in a chip, a waveguide structure ac-
cording to a first specific example not forming part
of the present invention.

Fig. 3 shows, in a chip, a waveguide structure ac-
cording to a specific embodiment of the present in-
vention.

Fig. 4 shows optical chip-to-chip coupling between
two chips having both a waveguide structure; form-
ing part of the present invention.

Fig. 5 shows an application scenario for a waveguide
structure not forming part of the present invention.

Fig. 6 shows an application scenario for a waveguide
structure according to the specific embodiment of
the present invention.

Fig. 7 shows an application scenario for a waveguide
structure not forming part of the present invention.

Fig. 8 shows an application scenario for a waveguide
structure according to the specific embodiment of
the present invention.

Fig. 9 shows simulation results of a waveguide struc-
ture not forming part of the present invention.

Fig. 10 shows simulation results of a waveguide
structure according to the specific embodiment of
the present invention.

Fig. 11 shows simulation results of an optical chip-
to-chip coupling scheme using flip-chip bonding and
a waveguide structure.

Fig. 12 shows simulation results of an optical chip-
to-chip coupling scheme using flip-chip bonding and
a waveguide structure.

Fig. 13 shows simulation results of an optical chip-
to-chip coupling scheme using flip-chip bonding and
a waveguide structure.

Fig. 14 shows a flow chart of a method.

DETAILED DESCRIPTION OF EMBODIMENTS

[0046] Fig. 1 shows a waveguide structure 100 accord-
ing to a basic example not forming part of the present
invention. In particular, fig. 1 shows in (a) a side view of
the waveguide structure 100, and in (b) a top view of the
same waveguide structure 100. The waveguide structure
100 includes a first waveguide 101, which is embedded
in a cladding 102. The cladding 102 is made of a material
that has a lower refractive index than the material of the
first waveguide 101. The material of the first waveguide
101 is, for example, SiN or Si. The material of the cladding
102 is, for example, SiO2. The cladding 102 may be a
single cladding layer, or may consist of several cladding
layers, for instance a lower cladding layer and an upper
cladding layer sandwiching the first waveguide 101. The
cladding 102 may be provided on a substrate, for in-
stance, a silicon substrate.
[0047] The waveguide structure 100 also includes a
second waveguide 103. The second waveguide 103 is
distanced form the first waveguide 101, preferably in a
direction perpendicular to its extension direction. Prefer-
ably, the two waveguides 101 and 103 have the same
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extension direction and are also substantially parallel to
another. The second waveguide 103 may be embedded
in the cladding 102 or may be provided on top of the
cladding 103. The second waveguide 103 is made of a
material that has a higher refractive index than the ma-
terial of the cladding 102. Its refractive index may further
be the same or different (either lower or higher) than the
refractive index of the first waveguide 101. The second
waveguide 103 may, for example, be made of SiN or Si.
Preferably, the second waveguide material and/or the
first waveguide material have a refractive index of 1.8 or
higher, while the cladding material has a refractive index
of 1.5 or lower. That means, preferably the first
waveguide 101 and the second waveguide 103 are of a
medium or high index contrast with respect to the clad-
ding 102.
[0048] The waveguide structure 100 includes further
an intermediate waveguide 104 (dashed line in fig. 1),
which is arranged at least partly between the first
waveguide 101 and the second waveguide 103. The in-
termediate waveguide 104 is, for instance, formed by a
part of the cladding 102, or is, for instance, formed within
a part of the cladding 102. The intermediate waveguide
104 is designed and adapted to transfer light from the
first waveguide 101 to the second waveguide 103.
[0049] To this end, as can be seen in (b) of fig. 1, both
the first waveguide 101 and the second waveguide 103
comprise a tapered end 101e and 103e, respectively.
These tapered ends 101e and 103e are adapted to ex-
change light with the intermediate waveguide 104, i.e.
are designed for coupling light, preferably adiabatically,
into and/or out of the intermediate waveguide 104. Ac-
cordingly, light can be transferred with very low losses
of < 1 dB between the first waveguide 101 and the second
waveguide 103 via the intermediate waveguide 104.
[0050] As is shown in fig. 1, the two waveguides 101
and 103 may have a common extension direction. The
intermediate waveguide 104 and the tapered ends 101e
and 104e are then particularly designed to transfer light
between the first waveguide 101 and the second
waveguide 103 over a transition length in extension di-
rection of the waveguides 101 and 103 of about 500 mm
or less. To this end, preferably the tapered ends 101e
and 103e overlap in extension direction of the
waveguides 101 and 103 (i.e. when viewed from the top,
see (b) of fig. 1) by 500 mm or less, preferably by about
400 mm or less, more preferably by about 300 mm or less.
[0051] Fig. 2 shows a first specific embodiment not
forming part of the present invention, which builds on the
basic embodiment shown in fig. 1. The embodiment
shown in fig. 2 uses a "cantilever coupler", meaning that
the intermediate waveguide 104 (dashed line in fig. 2) is
formed by a part of the cladding 102 that has a cantilever-
like structure. Preferably, the second waveguide 103 is
further a surface waveguide, as shown in fig. 2. The
waveguide structure 100 may be provided on a substrate
205, as shown is for this embodiment.
[0052] The cantilever-like structure of the intermediate

waveguide 104 can be well seen in (b) of fig. 2. The can-
tilever-like structure can be formed through limiting the
lateral distance in which the cladding 102 surrounds the
first waveguide 101, i.e. by removing part of the cladding
102 lateral to the first waveguide 101, at least at a ded-
icated coupling area. In particular, the cladding 102 sur-
rounding the first waveguide 101 at the dedicated cou-
pling area is narrowed down to a width Wc of preferably
1 - 5 mm, more preferably 3 mm, as is indicated in fig. 2 (b).
[0053] The tapered end 101e of the first waveguide
101 may be embedded in the cantilever-like structure,
as shown in fig. 2. The tapered end 101e further overlaps
- when viewed from the top - with the tapered end 103e
of the second waveguide 103. The second waveguide
103 is provided on the surface or close to the surface of
the cantilever-like structure of the cladding 102. At least
a part of the cantilever-like structure is thus arranged
between the two tapered ends 101e and 103e, respec-
tively. Additionally, in a certain region (at the reference
sign 206 in fig. 2) the substrate may be removed to avoid
light leaking from the intermediate waveguide 104 to the
substrate 205.
[0054] The cantilever-like structure is preferably at
least partly embedded into or surrounded by a material
206 of lower refractive index than the cladding 102, pref-
erably a polymer material, as shown in fig. 2. This material
206 particularly replaces the substrate and the cladding,
which have been removed around the intermediate
waveguide, and helps to planarise the wafer.
[0055] In use of the waveguide structure 100 of the first
specific embodiment, light is first coupled from the first
waveguide 101, e.g. a silicon or medium index contrast
waveguide, to the cantilever-like intermediate waveguide
104 formed by the cladding 102. Light can then further
be coupled into the second waveguide 103, e.g. a thin
medium or high index contrast waveguide on the wafer
surface.
[0056] Fig. 3 shows a specific embodiment of the
present invention, which builds on the basic example
shown in fig. 1. The embodiment uses a ’back end open’,
meaning a trench is opened in the latter part or ’back end’
of the process flow. The trench is then filled with an ap-
propriate material. Consequently the intermediate
waveguide 104 (dashed line in fig. 3) is formed in a part
of the cladding 102, namely by a filled trench. The second
waveguide 103 is a surface waveguide, as shown in fig.
3 (a). The waveguide structure is provided on a substrate
205, as shown in fig. 3 (a) for this embodiment.
[0057] Towards the end of the manufacturing process
of the waveguide structure 100, the cladding 102 is partly
removed in the dedicated coupling area to form a trench.
Preferably, the cladding 102 comprises a lower cladding
layer 1021 and an upper cladding layer 102u, which clad-
ding layers 1021 and 102u sandwich the first waveguide
101, and the trench is provided mainly (or completely as
shown in Fig 3) in the upper cladding layer 102u. The
trench is further preferably arranged at least partly be-
tween the tapered ends 101e and 103e of the first and
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second waveguides 101 and 103, respectively. In partic-
ular, the upper cladding layer 102u is partly removed,
exposing the core material of the first waveguide 101,
e.g. a silicon or medium index contrast waveguide core.
An etch step to remove the upper cladding layer 102u
may be carried out, wherein an etch stop layer is previ-
ously deposited just above the first waveguide 101. After
stopping the etching on this layer, the etch stop layer is
itself removed.
[0058] The trench is then filled with a material having
a refractive index somewhat higher than the cladding 102
(e.g. SiON or a polymer). Then the second waveguide
103 is defined, e.g. as a thin surface waveguide. In the
final structure, the intermediate waveguide 104 is accord-
ingly formed through the filled trench provided in the clad-
ding 102. The trench filling material is of higher refractive
index than the cladding 102, but is of lower refractive
index than the first and second waveguides 101 and 103,
respectively.
[0059] In use of the waveguide structure 100 of the
specific embodiment, light is transferred via the interme-
diate waveguide 104 to the second waveguide 103. The
approach described for this embodiment avoids the need
to remove the substrate 205 under the cladding 102, for
instance, at the dedicated coupling area. However, pref-
erably the intermediate waveguide 104 has a refractive
index, which is high enough to prevent light loss to the
substrate 205.
[0060] Fig. 4 shows an exemplary use of waveguide
structure 100 not forming part of the invention for chip-
to-chip coupling. However, the waveguide structure 100
according to the second specific embodiment can be
used in the same way.
[0061] The waveguide structure 100 including the first
waveguide 101, the second waveguide 103, and the in-
termediate waveguide 104 (dashed line in fig. 4) is in this
case part of a first chip 400. The second waveguide 103
is provided on the chip surface, while the first waveguide
101 is embedded in the chip 400. That is, the waveguide
structure 100 functions to bring light via the intermediate
waveguide 104 to the chip surface. Chip-to-chip coupling
can then be realized by inverting another similar or iden-
tical chip 401 and by properly aligning the second
waveguides 103 on the respective chip surfaces.
[0062] Both chips 400 and 401 can be identical, or can
be made from a different material system. For example,
the first chip 400 may base on Si and SiN, while the sec-
ond chip 401 uses a III-V material system, like GaAs.
Any gap between the two chips 400 and 401 is preferably
filled with a material 402 having a refractive index similar
to the cladding 102. For example, if the cladding 102 of
the chip 400 is SiO2, the refractive index of said material
402 should be about 1.445.
[0063] Fig. 5 shows another specific application for
chip-to-chip coupling, illustrated exemplarily for the
waveguide structure 100 according to an embodiment
not forming part of the invention. The application involves
a first chip 500 including the waveguide structure 100

and one or more passive devices fabricated, for example,
by using high quality SiN waveguides. Such passive de-
vices have far superior performance to those fabricated
using silicon waveguides. That is, the first chip 500 can
be referred to a SiN PIC.
[0064] Rather than monolithically integrating the first
chip 500 with one or more active devices (in either the
SOI or a III-V material system), one or more active de-
vices may be integrated with the first chip 500 by using
chip-to-chip coupling, which is enabled by the waveguide
structure 100 of the present invention.
[0065] In particular, the active device shown in Fig. 5
is a waveguide detector 502. Waveguide detectors are
essential to reach > 30 GHz. For instance, Ge waveguide
detectors fabricated on SOI can easily attain the required
bandwidth. The waveguide structure 100 provides a sim-
ple possibility to low-loss couple such a waveguide de-
tector 502 to the first chip 500 (i.e. the SiN PIC). To this
end, the waveguide detector 502 is embedded in a sec-
ond object or chip 501 that includes a similar waveguide
structure 100 as the first chip 500. By coupling the
waveguide structures 100, the waveguide detector 502
can be coupled to the first chip 500.
[0066] Standard flip-chip techniques can be used for
attaching and coupling the two chips 500 and 501. A sim-
ilar approach is valid for modulators or other active de-
vices.
[0067] Fig. 6 shows another specific application for
chip-to-chip coupling, illustrated exemplarily for the
waveguide structure 100 according to the specific em-
bodiment. Instead of flip-chip, transfer printing is used
for this application.
[0068] In particular, a transfer printed layer 601 con-
taining a detector 602 or a detector array, for instance,
a Ge waveguide detector, is provided to a first chip 600.
The first chip 600 may again be a SiN PIC. The transfer
printed layer 601 includes at least one waveguide 603
that is coupled to the waveguide structure 100 of the first
chip 600.
[0069] Transfer printing can be used particularly well
for SOI active devices. For such SOI active devices, once
the SOI processing is complete, transfer-printing tech-
niques can release the top surface layers from the original
silicon substrate and underclad oxide. The released layer
may include any active device (e.g. a detector, a laser,
a modulator or a heater). This layer can then be trans-
ferred to an object or second chip 601 that is provided
with at least one waveguide 603 for coupling it to the
waveguide structure 100 of the first chip 600.
[0070] It is noted that for the first chip 600 shown in fig.
6, the second waveguide 103 provided above the inter-
mediate waveguide 104 (dashed line in fig. 6) on the chip
surface is actually optional, as light can be coupled di-
rectly from the intermediate waveguide 104 (in this ex-
ample the intermediate waveguide 104 formed by the
trench fill) to the waveguide 603 of the second chip 601,
which is transfer printed to the first chip 600. In this case,
a waveguide structure 100 of the present invention would
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actually span two chips 600 and 602. That is, the
waveguide structure 100 would include a first waveguide
101 and the intermediate waveguide 104 belonging to
the first chip 600, and a second waveguide 603 belonging
to the second chip 602, which second chip 602 is transfer
printed onto the first chip 600.
[0071] The figs. 7 and 8 show a specific example pre-
ferred for lasers. Fig. 7 shows a laser chip 700 with a
monolithically integrated waveguide structure 100, in-
cluding specifically a high index contrast first waveguide
101, an intermediate waveguide 104 (dashed line in fig.
7), and a second waveguide 103. One method to create
such a laser chip 700 is to use heterogeneous integration
to form a laser device 701, or an array of lasers, on a
silicon substrate 703. The waveguides 101 and 103 of
the waveguide structure 100 are made of silicon or SiN.
[0072] As shown in fig 8, the waveguide structure 100
is used to transfer the light from the laser chip 700 to
another chip 800, e.g. a SiN PIC, using flip-chip tech-
nique. The second waveguide 103 of the waveguide
structure 100 in the laser chip 700 is optional, since light
could be directly coupled from the first waveguide 101 of
the laser chip 700 into the intermediate waveguide 104
(dashed line in fig. 8) of the second chip 800. However,
the use of the second waveguide 103 on the laser chip
surface facilitates alignment between the two chips 700
and 800, and thus improves alignment tolerances. Fur-
thermore, the allowed spacing between the two chips
700 and 800 is increased.
[0073] The cladding 102, e.g. silicon dioxide upper and
lower cladding, of the second chip 800 is removed, where
the laser chip 700 is to be flip-chip bonded. This provides
an efficient thermal path to aid the cooling of the laser
701. In addition the substrate/cladding interface step pro-
vides a reference, which makes it easier to flip-chip the
laser chip 700 or array of lasers at the correct height for
the coupling of the two chips 700 and 800 to work effi-
ciently.
[0074] The coupling losses, particularly when employ-
ing adiabatic coupling, produce fewer reflections than an
alternative conventional butt coupling approach. The
coupling approach presented in fig. 8 is further compat-
ible with non-hermetic environments.
[0075] In the following, simulation results for the
waveguide structures and chip-to-chip coupling schemes
described above are presented.
[0076] Fig. 9 shows simulation results for coupling in
a waveguide structure 100 of the first embodiment not
forming part of the invention, particularly coupling from
a SiN first waveguide 101 to a second surface SiN
waveguide 103 by means of a SiO2 cantilever-type inter-
mediate waveguide 104 (dashed line in fig. 9). The
waveguide structure 100 is thus as shown in Fig. 2 and
more specifically in fig. 9 in (a).
[0077] That is, the first waveguide 101 is distanced
from the second waveguide 103 by a distance d, which
distance d corresponds accordingly to the thickness of
the intermediate waveguide 104. The distance d is pref-

erably about 2 - 4 mm, more preferably about 3 mm. The
first waveguide 101 has a thickness t1, preferably in the
range of 0.05 - 0.4 mm, and the second waveguide 103
has a thickness t2, preferably in the same range as t1.
The tapered end 101e of the first waveguide 101 tapers
from a waveguide width w1, preferably in the range of
0.4 - 1 mm, to a tapered end width wt1, preferably in the
range of 0.1 - 0.2 mm. The tapering occurs (preferably
linearly) over a length 11, which is preferably in a range
of 200 - 800 mm. The tapered end 103e of the second
waveguide 103 tapers from a waveguide width w2, pref-
erably in the same range as w1, to a tapered end width
wt2, preferably in the same range as wt1, and (preferably
linearly) over a length 12, preferably in the same range
as 11. The tapered ends 101e and 103e overlap over a
length OL. The length OL is preferably 500 mm or less,
even more preferably about 400 mm or less, most pref-
erably about 300 mm or less.
[0078] The simulation results obtained are shown in
Fig 9 in (b). The x-axis indicates the transition length,
over which the light is transferred (it shows the length of
the overlap of the tapered ends 101e and 103e), and the
y-axis shows the proportion (from 0, i.e. no light, to 1, i.e.
all of the light) of light transferred (i.e. coupled between
the two waveguides 101 and 103). The results demon-
strate that both the TE and TM mode of the light can be
efficiently transferred between the waveguides 101 and
103 with a transition length of about 500 mm.
[0079] Fig. 10 shows simulation results for coupling in
a waveguide structure 100 of the specific embodiment,
particularly coupling from a SiN first waveguide 101 to a
second surface SiN waveguide 103 by means of a SiON
trench intermediate waveguide 104 (dashed line in fig.
10). The waveguide structure 100 is thus as shown in
Fig. 3 and more specifically in fig. 10 in (a).
[0080] That is, the first waveguide 101 is distanced
from the second waveguide 102 by the filled trench hav-
ing a refractive index of 1.5, and forming the intermediate
waveguide 104. The first waveguide 101 has again a
thickness of t1, and the second waveguide 103 has again
a thickness of t2. The tapered end 101e of the first
waveguide 101 tapers again from a waveguide width w1
to a tapered end width wt1. The tapered end 103e of the
second waveguide 103 tapers again from a waveguide
width w2 to a tapered end width wt2. The values of tl, t2,
w1, wt1, w2 and wt2 are preferably in the same ranges
as described above in relation to fig. 9. The width of the
filled trench intermediate waveguide 104 is denoted as
W, and is preferably in the range of 2 mm - 4 mm.
[0081] The results of the simulation are shown in fig
10 in (b), and demonstrate that both the TE and TM mode
of the light are successfully transferred with very low loss
with a transition length of about 500 mm.
[0082] In addition to transferring light from the first
waveguide 101 to the second waveguide 103, chip-to-
chip coupling also requires the transfer of light between
the second (preferably surface) waveguides 103 of two
different chips. Such a transfer has been simulated using
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the structure shown in Fig 11 in (a).
[0083] In particular, for transferring light from a first chip
to a second chip, a gap between the two chips is prefer-
ably filled with a spacer material 402 (e.g. an epoxy) hav-
ing a refractive index lower than the waveguides 103 of
the chips (see also fig. 4), e.g. a refractive index close to
thermal oxide (when cured). Fig. 11 shows such coupling
between two chips having each a SiN surface waveguide
103 and a SiO2 spacer 402 in between with a thickness
D, which is e.g. chosen as 1 mm. The waveguides 103
both have a thickness of t2, and both have tapered ends
103e that taper from a waveguide width w2 to a tapered
end width wt2. The values of t2, w2 and wt2 are preferably
in the same ranges as described above in relation to fig.
9. The spacer 402 acts as an intermediate waveguide
104 between the two waveguides 103, so that essentially
the two waveguides 103 and an intermediate waveguide
formed by the spacer 402 constitute together a
waveguide structure 100.
[0084] The results of the simulation are shown in fig
11 in (b). The results show that the light can be transferred
with a transition length of only 200 - 300 mm depending
on an alignment tolerance. That is, for a perfect alignment
of the two chips - as shown on the left side in fig. 11 (b)
- a transition length of 200 mm is sufficient, while for a
misalignment of 1 mm between the two chips, a transition
length of 300 mm is sufficient.
[0085] Similarly, it is shown in fig. 12 that if the gap /
spacer 402 between the two chips is reduced to a thick-
ness D of e.g. 0.5 mm - as shown in the waveguide struc-
ture 100 in fig. 12 in (a) - then the transition length may
be less than 200 mm, even with a 1 mm misalignment
between the chips - as shown in fig. 12 in (b).
[0086] Fig. 13 shows simulation results for coupling in
a waveguide structure 100 of the specific embodiment,
particularly coupling from a first SiN waveguide 101 to a
second transfer printed silicon waveguide 103 by means
of a SiON trench intermediate waveguide 104 (dashed
line in fig. 13). The waveguide structure 100 is thus as
shown in fig. 3 (but with the second waveguide 103 be-
longing to the transfer printed layers) and more specifi-
cally in fig. 13 in (a).
[0087] That is, the first waveguide 101 is distanced
from the second waveguide 103 by the filled trench hav-
ing a refractive index of 1.55 and forming the intermediate
waveguide 104. The first waveguide 101 has again a
thickness t1, and the second waveguide 103 has again
a thickness of t2. The tapered end 101e of the first
waveguide 101 tapers from a waveguide width w1 to a
tapered end width wt1, e.g. over a length 11. The tapered
end 103e of the second waveguide 103 tapers from a
waveguide width w2 to a tapered end width wt2 e.g. over
a length 12. The values of t1, t2, w1, wt1, w2, wt2,11 and
12 are preferably in the same ranges as described above
in relation to fig. 9.
[0088] It is noted that also the filled trench forming the
intermediate waveguide 104 can have a tapered end, i.e.
the intermediate waveguide 104 can have a variable

width laterally around the waveguides 101 and 103, as
is shown in Fig. 13 in (a).
[0089] It is noted that in the case of transfer printing a
second chip to a first chip, wherein the second chip is in
intimate contact with the intermediate waveguide 104 of
the first chip, the waveguide of the second chip functions
as the second waveguide 103 of the waveguide structure
100.
[0090] The results of the simulation are shown in fig
13 in (b). It can be seen that this case has been optimised
for TE mode only. In this case a total transition length of
600 mm is sufficient, even with a 1 mm misalignment be-
tween the chips.
[0091] The simulations shown in the figs. 9 - 13 dem-
onstrate that with the waveguide structures 100, light can
be efficiently transferred from a first waveguide 101 (or
103) to a second waveguide 103 in less than 500 mm
length via an intermediate waveguide 104. Light can be
transferred between two chips over a transition length of
300 mm (with a 1 mm gap) even allowing for a 1 mm
misalignment. This length can be reduced to 200 mm, if
the gap between the two chips can be controlled at 0.5
mm or below.
[0092] Using transfer-printing techniques, light can be
transferred from a first waveguide 101 in a first chip to a
second waveguide 103 in a second transfer printed chip
in less than 700 mm.
[0093] Fig. 14 shows a flow chart of a method 1400.
In a first step 1401 of the method, a first waveguide 101
with a tapered end 101e is formed, and is then embed-
ded, in a second step 1402, in a cladding 102 of lower
refractive index than the first waveguide 101. In a third
step 1402, a second waveguide 103 with a tapered end
103e is formed in a distance to the first waveguide 101.
Further, in a fourth step 1404, an intermediate waveguide
104 is formed, wherein at least a part of the intermediate
waveguide 104 is formed between the first waveguide
101 and the second waveguide 103. When forming the
tapered ends 101e and 103e of the first and second
waveguides 101 and 103, the tapered ends 101e and
103e are each designed for coupling light into and/or out
of the intermediate waveguide 104. With the tapered
ends 101e and 103e light can in particular be exchanged
adiabatically with the intermediate waveguide.
[0094] A new coupling scheme is presented, which is
suitable particularly for chip-to-chip coupling. Chips,
which are optimised for different functions, e.g. SiN
waveguide chips for passive optical functions, III-V InP
for laser, SOI chip for high speed modulator/detector,
can be easily coupled together with low optical coupling
loss. The coupling scheme is compatible with conven-
tional CMOS technology.

Claims

1. Waveguide structure (100) for optical coupling, com-
prising
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a first waveguide (101) embedded in a cladding (102)
of lower refractive index than the first waveguide
(101),
a second waveguide (103) of higher refractive index
than the cladding (102) and distanced from the first
waveguide (101), and
an intermediate waveguide (104), of which at least
a part is arranged between the first waveguide (101)
and the second waveguide (103),
wherein the first waveguide (101) and the second
waveguide (103) each comprise a tapered end
(101e, 103e) for coupling light into and/or out of the
intermediate waveguide (104), and
wherein the first and second waveguides (101, 103)
belong to one chip 500, 800), and the first waveguide
(101) is embedded in the chip (400, 500, 800), char-
acterized in that the second waveguide is provided
on top of the cladding (102) on the surface of the
chip (500, 800), and
wherein the intermediate waveguide (104) is formed
by a filled trench in the cladding (102), wherein the
trench filling material is of higher refractive index than
the cladding (102) but of lower refractive index than
the first and second waveguides (101, 103).

2. Waveguide structure (100) according to claim 1,
wherein
the cladding (102) comprises a lower cladding layer
(1021) and an upper cladding layer (102u), which
cladding layers (1021, 102u) sandwich the first
waveguide (101), and
the filled trench is provided completely in the upper
cladding layer (102u) and is arranged between the
tapered ends (101e, 103e) of the first and second
waveguides (101, 103), respectively.

3. Waveguide structure (100) according to claim 1 or
2, wherein
the second waveguide (103) and/or the first
waveguide (101) has a refractive index of 1.8 or high-
er, and
the cladding (102) has a refractive index of 1.5 or
lower.

4. Waveguide structure (100) according to one of the
claims 1 to 3, wherein
the tapered ends (101e, 103e) of the first and second
waveguides (101, 103) taper from a width of about
0.4 - 1 mm to a width of about 0.1 - 0.2 mm over a
length of about 200 - 800 mm.

5. Waveguide structure (100) according to one of the
claims 1 to 4, wherein
the intermediate waveguide (104) has a width of
about 2 mm - 4 mm, and/or
the first and second waveguides (101, 103) each
have a width of about 0.2 - 1 mm and a thickness of
about 0.05 - 0.4 mm, and/or

a distance between the first waveguide (101) and
the second waveguide (103) is about 2 - 4 mm, pref-
erably about 3 mm.

6. Waveguide structure (100) according to one of the
claims 1 to 5, wherein
the second waveguide (103) and/or the first
waveguide (101) are made of silicon nitride.

7. Chip (400, 500, 600, 800) including a waveguide
structure (100) according to one of the claims 1 to 6
for optically coupling the chip to an object including
at least one waveguide, for instance another chip
(401, 501, 601, 700).

8. Method of fabricating a waveguide structure (100)
for optical coupling, comprising the steps of
forming a first waveguide (101) with a tapered end
(101e),
embedding the first waveguide (101) in a cladding
(102) of lower refractive index than the first
waveguide (101),
forming, in a distance to the first waveguide (101), a
second waveguide (103) with a tapered end (103e),
forming an intermediate waveguide (104), wherein
at least a part of the intermediate waveguide (104)
is formed between the first waveguide (101) and the
second waveguide (103),
wherein the tapered ends (101e, 103e) of the first
and second waveguides (101, 103) are each de-
signed for coupling light into and/or out of the inter-
mediate waveguide (104),
wherein the first and second waveguides (101, 103)
belong to one chip 500, 800), and the first waveguide
(101) is embedded in the chip (400, 500, 800), char-
acterized in that the second waveguide (103) is pro-
vided on the top of the cladding (102) on the surface
of the chip (500, 800), and
wherein the intermediate waveguide (104) is formed
by a filled trench in the cladding (102), wherein the
trench filling material is of higher refractive index than
the cladding (102) but of lower refractive index than
the first and second waveguides (101, 103).

Patentansprüche

1. Wellenleiterstruktur (100) zur optischen Kopplung,
umfassend:

einen ersten Wellenleiter (101), eingebettet in
eine Ummantelung (102) mit niedrigerem Bre-
chungsindex als der erste Wellenleiter (101),
einen zweiten Wellenleiter (103) mit höherem
Brechungsindex als die Ummantelung (102)
und von dem ersten Wellenleiter (101) beab-
standet, und
einen Zwischen-Wellenleiter (104), bei dem zu-
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mindest ein Teil zwischen dem ersten Wellen-
leiter (101) und dem zweiten Wellenleiter (103)
angeordnet ist,
wobei der erste Wellenleiter (101) und der zwei-
te Wellenleiter (103) jeweils ein verjüngtes Ende
(101e, 103e) zum Koppeln von Licht in den Zwi-
schen-Wellenleiter (104) und/oder daraus her-
aus umfassen, und
wobei der erste und der zweite Wellenleiter
(101, 103) zu einem Chip (500, 800) gehören
und der erste Wellenleiter (101) in dem Chip
(400, 500, 800) eingebettet ist, dadurch ge-
kennzeichnet, dass der zweite Wellenleiter
oberhalb der Ummantelung (102) auf der Ober-
fläche des Chips (500, 800) bereitgestellt ist,
und
wobei der Zwischen-Wellenleiter (104) durch ei-
ne gefüllte Furche in der Ummantelung (102)
ausgebildet ist, wobei das Füllmaterial der Fur-
che einen höheren Brechungsindex als die Um-
mantelung (102), aber einen niedrigeren Bre-
chungsindex als der erste und der zweite Wel-
lenleiter (101, 103) aufweist.

2. Wellenleiterstruktur (100) nach Anspruch 1, wobei
die Ummantelung (102) eine untere Ummantelungs-
schicht (1021) und eine obere Ummantelungs-
schicht (102u) aufweist und die Ummantelungs-
schichten (1021, 102u) den ersten Wellenleiter (101)
umschließen, und
die gefüllte Furche vollständig in der oberen Umman-
telungsschicht (102u) bereitgestellt und zwischen
den verjüngten Enden (101e, 103e) des ersten bzw.
des zweiten Wellenleiters (101, 103) angeordnet ist.

3. Wellenleiterstruktur (100) nach Anspruch 1 oder 2,
wobei
der zweite Wellenleiter (103) und/oder der erste Wel-
lenleiter (101) einen Brechungsindex von 1,8 oder
höher aufweisen, und
die Ummantelung (102) einen Brechungsindex von
1,5 oder niedriger aufweist.

4. Wellenleiterstruktur (100) nach einem der Ansprü-
che 1 bis 3, wobei sich die verjüngten Enden (101e,
103e) des ersten und des zweiten Wellenleiters
(101, 103) über eine Länge von etwa 200 mm - 800
mm von einer Breite von etwa 0,4 mm - 1 mm auf eine
Breite von etwa 0,1 mm - 0,2 mm verjüngen.

5. Wellenleiterstruktur (100) nach einem der Ansprü-
che 1 bis 4, wobei der Zwischen-Wellenleiter (104)
eine Breite von etwa 2 mm - 4 mm aufweist und/oder
der erste und der zweite Wellenleiter (101, 103) je-
weils eine Breite von etwa 0,2 mm - 1 mm und eine
Dicke von etwa 0,05 mm - 0,4 mm aufweisen,
und/oder eine Distanz zwischen dem ersten Wellen-
leiter (101) und dem zweiten Wellenleiter (103) etwa

2 mm - 4 mm, vorzugsweise etwa 3 mm, beträgt.

6. Wellenleiterstruktur (100) nach einem der Ansprü-
che 1 bis 5, wobei der zweite Wellenleiter (103)
und/oder der erste Wellenleiter (101) aus Silicium-
nitrid hergestellt sind.

7. Chip (400, 500, 600, 800), aufweisend eine Wellen-
leiterstruktur (100) nach einem der Ansprüche 1 bis
6 zum optischen Koppeln des Chips an ein mindes-
tens einen Wellenleiter aufweisendes Objekt, bei-
spielsweise einen weiteren Chip (401, 501, 601,
700).

8. Verfahren zur Herstellung einer Wellenleiterstruktur
(100) zur optischen Kopplung, umfassend die Schrit-
te:

Ausbilden eines ersten Wellenleiters (101) mit
einem verjüngten Ende (101e),
Einbetten des ersten Wellenleiters (101) in eine
Ummantelung (102) mit niedrigerem Bre-
chungsindex als der erste Wellenleiter (101),
Ausbilden, in einem Abstand zu dem ersten Wel-
lenleiter (101), eines zweiten Wellenleiters (103)
mit einem verjüngten Ende (103e),
Ausbilden eines Zwischen-Wellenleiters (104),
wobei zumindest ein Teil des Zwischen-Wellen-
leiters (104) zwischen dem ersten Wellenleiter
(101) und dem zweiten Wellenleiter (103) aus-
gebildet ist,
wobei die verjüngten Enden (101e, 103e) des
ersten und des zweiten Wellenleiters (101, 103)
jeweils zum Koppeln von Licht in den Zwischen-
Wellenleiter (104) und/oder daraus heraus kon-
zipiert sind,
wobei der erste und der zweite Wellenleiter
(101, 103) zu einem Chip (500, 800) gehören
und der erste Wellenleiter (101) in dem Chip
(400, 500, 800) eingebettet ist, dadurch ge-
kennzeichnet, dass der zweite Wellenleiter
(103) oberhalb der Ummantelung (102) auf der
Oberfläche des Chips (500, 800) bereitgestellt
ist, und
wobei der Zwischen-Wellenleiter (104) durch ei-
ne gefüllte Furche in der Ummantelung (102)
ausgebildet ist, wobei das Füllmaterial der Fur-
che einen höheren Brechungsindex als die Um-
mantelung (102), aber einen niedrigeren Bre-
chungsindex als der erste und der zweite Wel-
lenleiter (101, 103) aufweist.

Revendications

1. Structure de guide d’ondes (100) destinée à un cou-
plage optique, comprenant :
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un premier guide d’ondes (101) incorporé dans
une gaine (102) d’un indice de réfraction infé-
rieur à celui du premier guide d’ondes (101),
un deuxième guide d’ondes (103) d’un indice de
réfraction supérieur à celui de la gaine (102) et
à distance du premier guide d’ondes (101), et
un guide d’ondes intermédiaire (104), dont au
moins une partie est agencée entre le premier
guide d’ondes (101) et le deuxième guide d’on-
des (103),
dans laquelle le premier guide d’ondes (101) et
le deuxième guide d’ondes (103) comprennent
chacun une extrémité conique (101e, 103e)
destinée à coupler la lumière à l’intérieur et/ou
à l’extérieur du guide d’ondes intermédiaire
(104), et
dans laquelle les premier et deuxième guides
d’ondes (101, 103) appartiennent à une puce
(500, 800), et le premier guide d’ondes (101) est
incorporé dans la puce (400, 500, 800), carac-
térisé en ce que le deuxième guide d’ondes est
prévu au-dessus de la gaine (102) sur la surface
de la puce (500, 800), et
dans laquelle le guide d’ondes intermédiaire
(104) est formé par une tranchée remplie dans
la gaine (102), dans laquelle le matériau de rem-
plissage de tranchée est d’un indice de réfrac-
tion supérieur à celui de la gaine (102) mais d’un
indice de réfraction inférieur à celui des premier
et deuxième guides d’ondes (101, 103).

2. Structure de guide d’ondes (100) selon la revendi-
cation 1, dans laquelle
la gaine (102) comprend une couche de gainage in-
férieure (1021) et une couche de gainage supérieure
(102u), ces couches de gainage (1021, 102u) en-
tourent le premier guide d’ondes (101), et
la tranchée remplie est prévue complètement dans
la couche de gainage supérieure (102u) et est agen-
cée entre les extrémités coniques (101e, 103e) des
premier et deuxième guides d’ondes (101, 103), res-
pectivement.

3. Structure de guide d’ondes (100) selon la revendi-
cation 1 ou 2, dans laquelle
le deuxième guide d’ondes (103) et/ou le premier
guide d’ondes (101) ont un indice de réfraction de
1.8 ou supérieur, et
la gaine (102) a un indice de réfraction de 1.5 ou
inférieur.

4. Structure de guide d’ondes (100) selon l’une des re-
vendications 1 à 3, dans laquelle
les extrémités coniques (101e, 103e) des premier et
deuxième guides d’ondes (101, 103) se rétrécissent
à partir d’une largeur d’environ 0.4 - 1 mm à une
largeur d’environ 0.1 - 0.2 mm sur une longueur d’en-
viron 200 - 800 mm.

5. Structure de guide d’ondes (100) selon l’une des re-
vendications 1 à 4, dans laquelle le guide d’ondes
intermédiaire (104) a une largeur d’environ 2 mm - 4
mm, et/ou les premier et deuxième guides d’ondes
(101, 103) ont chacun une largeur d’environ 0.2 - 1
mm et une épaisseur d’environ 0.05 - 0.4 mm, et/ou
une distance entre le premier guide d’ondes (101)
et le deuxième guide d’ondes (103) est d’environ 2
mm - 4 mm, de préférence d’environ 3 mm.

6. Structure de guide d’ondes (100) selon l’une des re-
vendications 1 à 5, dans laquelle le deuxième guide
d’ondes (103) et/ou le premier guide d’ondes (101)
sont constitués de nitrure de silicium.

7. Puce (400, 500, 600, 800) incluant une structure de
guide d’ondes (100) selon l’une des revendications
1 à 6 destinée à un couplage de manière optique de
la puce à un objet incluant au moins un guide d’on-
des, par exemple une autre puce (401, 501, 601,
700).

8. Procédé de fabrication d’une structure de guide d’on-
des (100) destinée à un couplage optique, compre-
nant les étapes suivantes :

la formation d’un premier guide d’ondes (101)
présentant une extrémité conique (101e),
l’incorporation du premier guide d’ondes (101)
dans une gaine (102) d’un indice de réfraction
inférieur à celui du premier guide d’ondes (101),
la formation, à distance du premier guide d’on-
des (101), d’un deuxième guide d’ondes (103)
présentant une extrémité conique (103e),
la formation d’un guide d’ondes intermédiaire
(104), dans lequel au moins une partie du guide
d’ondes intermédiaire (104) est formée entre le
premier guide d’ondes (101) et le deuxième gui-
de d’ondes (103),
dans lequel les extrémités coniques (101e,
103e) des premier et deuxième guides d’ondes
(101, 103) sont chacune désignées pour coupler
la lumière à l’intérieur et/ou à l’extérieur du guide
d’ondes intermédiaire (104),
dans lequel les premier et deuxième guides
d’ondes (101, 103) appartiennent à une puce
(500, 800), et le premier guide d’ondes (101) est
incorporé dans la puce (400, 500, 800), carac-
térisé en ce que le deuxième guide d’ondes
(103) est prévu au-dessus de la gaine (102) sur
la surface de la puce (500, 800), et
dans lequel le guide d’ondes intermédiaire (104)
est formé par une tranchée remplie dans la gai-
ne (102), dans lequel le matériau de remplissa-
ge de tranchée est d’un indice de réfraction su-
périeur à celui de la gaine (102) mais d’un indice
de réfraction inférieur à celui des premier et
deuxième guides d’ondes (101, 103).
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