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(57) ABSTRACT

The application provides methods of forming a fiber cou-
pling device comprising a substrate, the substrate having a
substrate surface and at least one optoelectronic and/or
photonic element, and further comprising at least one fiber
coupling alignment structure that is optically transmissive.
The method comprises a) applying a polymerizable material
to the substrate surface, b) selectively polymerizing, using a
method of 3D lithography, a region of the polymerizable
material so as to convert the region of the polymerizable
material into a polymer material, thereby forming at least
one fiber coupling alignment structure, and c¢) cleaning the
substrate and the polymer material from remaining non-
polymerized polymerizable material, thereby exposing the at
least one fiber coupling alignment structure of the fiber
coupling device.
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METHODS OF FORMING A FIBER
COUPLING DEVICE AND FIBER COUPLING
DEVICE

PRIORITY APPLICATION

[0001] This application is a continuation of International
Application No. PCT/US15/18578, filed Mar. 4, 2015,
which claims the benefit of priority of European Patent
Application No. 14157912.8, filed on Mar. 5, 2014, the
content of which are relied upon and incorporated herein by
reference in their entirety.

BACKGROUND

[0002] The application refers to methods of forming a
fiber coupling device. The application further refers to a
fiber coupling device. Fiber coupling devices comprise a
substrate having a substrate surface and at least one opto-
electronic and/or photonic element. On the substrate surface
and/or the at least one optoelectronic and/or photonic ele-
ment, at least one fiber coupling alignment structure is
arranged which is optically transmissive.

[0003] In this application, the term ‘fiber coupling device’
does not necessarily include the fiber or the fiber endpiece.
Rather, a “fiber coupling device’, wherever addressed in the
application, shall denote a device or arrangement sufficiently
prepared to allow mounting of a fiber endpiece. Generally,
fiber mounting can be done either directly after fabrication
of the device or arrangement or at a later point in time,
depending on the particular construction of the fiber cou-
pling device.

[0004] Optical fibers used for transmitting signals by
means of electromagnetic radiation with wavelengths in the
visible or infrared range have to be coupled, that is properly
mounted in a precisely aligned position, relative to opto-
electronic or photonic elements of chips or other substrates
in order to ensure proper signal transmission with suffi-
ciently high coupling efficiency between the optical fibers
and the chips or other substrates. Proper alignment is
required for each fiber that is for both ends or endpieces of
it, at or near the respective optoelectronic or photonic
elements to be connected to, such as optical transmitters,
receivers or transceivers. In the case of an optoelectronic
rather than photonic element, the element may for instance
be a light-detecting or light-emitting optoelectronic element,
such as a VCSEL, a laser diode, a photodiode, a photode-
tector or any other element for emitting or detecting elec-
tromagnetic radiation.

[0005] Optoelectronic substrates, photonic substrates and
photonically integrated substrates (PIC; photonically inte-
grated chip) comprise one or a plurality of optoelectronic
elements, or photonic elements, respectively. Optoelectronic
substrates may for instance be (or include, arranged on a
mounting substrate) semiconductor chips (made of silicon,
indium phosphide or any other binary, ternary or quaternary
semiconductor material and/or comprising plural layers of
these and other materials, for instance), glass substrates,
quartz substrates, ceramic substrates or synthetic substrates.
Such optoelectronic and/or photonic substrates (hereinafter
commonly referred to as ‘chips’ without further distinction)
may be supported by additional mounting substrates, such as
printed circuit boards (PCBs). Hereinafter, any arrangement
of one or a plurality of chips, be it with or without a
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mounting substrate underneath, may generally be addressed
when a ‘substrate’ is referred to herein below.

[0006] For coupling endpieces of optical fibers to photo-
electronic or photonic elements, one or a plurality of fiber
coupling alignment structures are required. In the simplest
case, when a fiber endpiece is glued, by means of a light-
transmissive glue droplet, to an optoelectronic element,
precise alignment of the fiber endpiece to the active area of
the optoelectronic element is required, which usually
involves effort and some monitoring and adjustment of the
fiber endpieces’s position.

[0007] Conventionally, preshaped structures such as
shrinked boot parts or preshaped parts molded by injection
molding are used as fiber coupling alignment structures.
These molding parts have to be mounted in proper alignment
with respect to the optoelectronic or photonic elements of
the chip or substrate. Any imprecise positioning of a molded
fiber coupling alignment structure onto the respective sub-
strate degrades the optical coupling efficiency (which can be
actively measured as the percentage of light intensity actu-
ally transmitted through the fabricated chip-fiber-connec-
tion). Imprecise positioning of a molded fiber coupling
alignment structure on the substrate thus reduces the toler-
ance for any positional mismatch between the fiber and the
molded coupling structure itself during fiber assembly. Even
if the ‘Fiber Coupling Alignment Structure’ (or ‘FCAS’ as
subsequently referred to in the specification for the sake of
brevity) and its contours (such as the fiber support surface,
for instance a groove) were shaped very accurately, the fiber
endpiece has still to be glued onto it. Although fiber mount-
ing can be done by exploiting passive, self-aligned optical
fiber coupling without the need to actively measure the
amount of light intensity actually transmitted, any misalign-
ment between the FCAS and the substrate narrows the
tolerance margin left for mounting the fiber to the FCAS.

[0008] Many substrates, such as mounting substrates com-
prising at least one chip mounted thereon, comprise opto-
electronic or photonic elements on their top main surface,
thus resulting in a propagation direction of light to be
emitted or detected which propagation direction is substan-
tially normal to the active area or chip main surface or at
least within an angular range of less than +45°, such as less
than +20° from the normal direction of the active area or
main surface. However, when the optical fiber approaches
the chip substantially in parallel to its main surface, reflec-
tive mirror surfaces or other constructional elements or parts
are required in order to reconcile the demands of optimum
coupling efficiency and small vertical extension of the
fiber-connected substrate. For instance, mirror surfaces with
an orientation of about 45° (£5°) with respect to the main
surface are often provided at or outside the fiber coupling
alignment structure FCAS. If such additional reflecting
elements are aligned improperly between the fiber endpiece
and the substrate, signal transmission is degraded further.
Even if the fiber coupling alignment structure is integrated
in the FCAS, for instance as an inclined outer surface
portion of it, any mismatch between the FCAS and the
substrate causes a reflected light beam, after entering from
the fiber, to be offset both in lateral as well as vertical
directions, thus being less completely coupled to the opto-
electronic or photonic element of the chip or substrate.

[0009] It is desirable to provide a method of forming a
fiber coupling device and a fiber coupling device that ensure
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more precise mounting of an optical fiber in improved
alignment and with even less manufacturing effort and costs.

SUMMARY

[0010] The embodiments disclosed in the detailed descrip-
tion include methods according to claims 1 and 24 of
forming a fiber coupling device and further include a fiber
coupling device according to claim 31. The methods may
further be executed according to any combination of the
steps described in the present application, and the fiber
coupling device may further be characterized by one or more
of the features described herein or known in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Exemplary embodiments are disclosed herein with
respect to the Figures.

[0012] FIG. 1 shows an exemplary embodiment of a fiber
coupling device;

[0013] FIGS. 2 to 5 show method steps of an exemplary
embodiment of a method of forming a fiber coupling device;
[0014] FIGS. 6 to 8 show alternative exemplary embodi-
ments of fiber coupling devices;

[0015] FIG.9 shows an embodiment for the fabrication of
fiber coupling alignment structures on a wafer-level basis;
[0016] FIG. 10 shows an embodiment for the fabrication
of a fiber coupling alignment structure directly on a single
chip;

[0017] FIG. 11 shows an exemplary apparatus for the
fabrication of fiber coupling alignment structures using the
technique of three-dimensional laser printing;

[0018] FIG. 12 shows a top view on a fiber coupling
device explicitly illustrating the plurality of optoelectronic
or photonic elements, such as the fiber coupling device of
FIG. 1 or of one of FIGS. 5 to 10;

[0019] FIG. 13 shows a schematical, cross-sectional side
view illustrating actual, individual positions of the optoelec-
tronic or photonic elements of FIG. 1 or FIG. 5 to 10 or 12;
[0020] FIG. 14 shows an enlarged, partial top view sche-
matically showing actual, individually offset positions of the
reflection surfaces associated with the respective optoelec-
tronic or photonic elements of FIG. 1, 5 to 10 or 12
according to an embodiment;

[0021] FIG. 15 shows a schematical side view illustrating
compensational positional offsets of the reflection surfaces
in vertical, that is normal direction according to another
embodiment;

[0022] FIG. 16 shows a further embodiment of a fiber
coupling device with compensational, orientational offsets
of the reflection surfaces;

[0023] FIG. 17 shows a further embodiment of a fiber
coupling device whose fiber coupling alignment structures
comprise positional and/or orientational offsets of the fiber
support regions;

[0024] FIG. 18 shows a cross-sectional view of an
embodiment regarding the shape of the reflection surfaces of
a light-emitting fiber coupling device to be formed;

[0025] FIG. 19 shows a perspective view of the embodi-
ment of FIG. 18;

[0026] FIG. 20 shows an exemplary embodiment regard-
ing the shape of the reflection surfaces of a light-receiving
fiber coupling device; and
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[0027] FIG. 21 schematically shows an exemplary
embodiment of a visual system for executing real-time
monitoring of the fiber coupling alignment structure during
manufacture.

DETAILED DESCRIPTION

[0028] Generally, throughout the application including the
Figures, the same reference signs are used. Furthermore, any
proportions and dimensions depicted in the Figures are
merely exemplary and not to scale and thus may be varied.
[0029] In the application, wherever optical fibers are
referred to, this encompasses both fibers destined for trans-
mission of visible light as well as those for transmission of
other electromagnetic radiation, particularly infrared or UV.
Furthermore, the fibers or optical fibers referred to in the
application may include fibers made of glass or of any other
material.

[0030] Finally, a fiber, wherever addressed in the applica-
tion, may be a fiber with a coating and/or a cladding; and the
outer circumferential surface of the fiber may be the outer
circumferential surface of an uncoated fiber; particularly the
outer perimeter of a fiber endpiece that is uncoated and/or
cleaved, or the outer circumferential surface of the fiber
cladding, or of the fiber coating, to be glued to the fiber
coupling device, respectively.

[0031] FIG. 1 shows an exemplary embodiment of a fiber
coupling device 1. The fiber coupling device 1 comprises a
substrate 15 with at least one optoelectronic or photonic
element 50 and further comprises a fiber coupling alignment
structure 5. Accordingly, the fiber coupling device comprises
one or plural optoelectronic or photonic elements 50 pro-
vided on one or plural optoelectronic or photonic chips 10.
Preferably, the fiber coupling device discussed with refer-
ence to the Figures of the present application comprises a
plurality of optoelectronic or photonic chips, each of them
comprising a respective optoelectronic or photonic element
which is coupled or is to be coupled to a respective optical
fiber. An endpiece of an optical fiber 30 is mounted or
mountable to each fiber coupling alignment structure 5
(FCAS); the fiber coupling alignment structure 5 being
designed such and/or mounted to the substrate 15 such that,
upon attachment of the fiber 30 to the fiber coupling align-
ment structure 5, passive self-alignment of the optical fiber
30 with respect to the optoelectronic or photonic element 50
with high coupling efficiency is obtained. For instance, a
coupling surface and/or a fiber coupling surface of the fiber
coupling alignment structure 5 may be shaped such as to
conform to a fiber end surface (defining the end of the fiber
along its axial direction) and/or to a circumferential surface
of an optical fiber, thereby enabling gluing of the fiber onto
them in a predefined, self-aligned position and/or orienta-
tion.

[0032] As expressed above, the term ‘fiber coupling
device’ 1 does not necessarily include the optical fiber 30 or
its endpiece; rather it denotes a component sufficiently
prepared to allow for self-aligned mounting of a fiber with
high coupling efficiency, even if the optical fiber 30 still
needs to be mounted to it at a later point in time. For
linguistic distinction from the fiber coupling device 1 with-
out the optical fiber 30, a ‘connected’ or ‘completed” fiber
coupling device which includes the mounted fiber endpiece
of at least one optical fiber 30 might be named a ‘fiber
coupling arrangement’. At least one endpiece of at least one
optical fiber 30 is mountable, to the fiber coupling alignment
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structure 5 of the fiber coupling device 1, using glue or any
other adhesive, and particularly mountable to the fiber
support region 7 indicated in FIG. 1. Herein below, as
mentioned above, the fiber coupling alignment structure 5
will mostly be called ‘FCAS’ for the sake of brevity.

[0033] As depicted in FIG. 1, a substrate 15 may comprise
a mounting substrate 20 and one or a plurality of chips 10 of
any kind mentioned in the application, for instance. The
substrate 15 may comprise at least one optoelectronic or
photonic element 50. One or a plurality of optoelectronic or
photonic elements 50 may be provided on one chip or on a
plurality of chips 10 of the substrate 15. The substrate 15
may, optionally, further comprise a mounting substrate 20
which may be a printed circuit board, for instance. The chip
or chips 10 may be microelectronic chips each comprising
an integrated circuit, particularly an electronic circuit and/or
a microelectronic, which is integrated circuit. The integrated
circuit may comprise one or a plurality of electronic and/or
photonic elements 50. Such elements 50 may be arranged on
a main surface, for instance on the upper top surface as it is
the case for the element 50 in FIG. 1. The chip or chips 10
of the embodiments of FIG. 1 or of any other Figure or
further embodiment of the application may be formed of
and/or comprise a semiconductor material or semiconductor
material layer.

[0034] The chip or chips 10 (or some of them) may also be
a photonic chip or photonic chips; with signal transmission
in and/or on the chip or chips being implemented by using
light propagation rather than electrical currents. Further-
more, each chip 10 constituting or forming part of the
substrate 15 may further be a combined optoelectronic and
photonic chip, i.e. a Photonically Integrated Chip (PIC). At
least one chip 1 comprises both a (microelectronic or
electronic) integrated circuit and at least one integrated
photonic chip region for photonic signal transmission if
desired. In the following, for conciseness an ‘optoelectronic
and/or photonic chip’ 10 is often addressed as a ‘chip’ 10 and
an ‘optoelectronic or photonic element” 50 is often just
called ‘element’ 50.

[0035] The substrate 15 may be one single chip 10 of
sufficiently large size for carrying at least one FCAS 5.
Alternatively, the substrate 15 may comprise a plurality of
chips 10. In addition to the chip or chips 10, the substrate 15
may represent or may, in addition to the chip or chips,
optionally further include a mounting substrate 20 support-
ing the chip or chips 10. In cases where a single chip 10
constitutes the entire substrate 15, it may extend, along the
lateral directions X, y, beyond the lateral extensions of the
fiber coupling alignment structure 5 or FCAS, such as both
along positive and negative x and y directions, so as to
support and surround the entire FCAS 5.

[0036] Regardless of the particular example for the sub-
strate 15, the substrate 15 comprises at least one optoelec-
tronic and/or photonic element 50. As shown, at least one
element 50 may be provided on the main surface of the chip
10. However, the chip 10 or substrate 15 may comprise a
plurality of optoelectronic or photonic elements 50, such as
optical emitters, receivers or transceivers, or optoelectronic
emitters or receivers. Each chip 10 constituting or forming
part of the substrate 15 may further include both optoelec-
tronic elements 50 as well as photonic clements 50
assembled combinedly on one piece of die. It should further
be understood that the chip or chips 10 need not comprise a
complex integrated circuit. Rather, the element 50 or ele-
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ments 50 may constitute the main device of the respective
chip 10; in which case the chip 10 only serves as a small
piece of die or substrate material of sufficient size to
accommodate and operate at least one optoelectronic and/or
photonic element 50 on it. Lateral dimensions of the chip 10
may for instance be in the range between 50 pm and 10 mm,
such as in the range between 0.1 mm and 1 mm. However,
the chip or chips 10 may have other suitable dimensions
such as much smaller. The lateral dimensions of the FCAS
along x and/or y direction may range between 10 um and 10
mm, such as between 0.1 mm and 1 mm. The FCAS may
extend, along one or both lateral directions x and/or y,
beyond the lateral extensions of the chip 10. Thus in case of
the above numerical values indicating exemplary ranges for
conceivable extensions of the chip 10 and of the FCAS 5, the
lateral extensions of the FCAS 5 are chosen as desired and
may be larger than those of the chip 10.

[0037] Furthermore, the lateral extensions of the FCAS 5
may be chosen larger than the numerical values given above,
and their lateral extensions may exceed 1 mm or even 10
mm; the FCAS 5 thus additionally covering at least a portion
of the main surface of the mounting substrate 20 laterally
surrounding and/or adjoining the chip 10. Besides, it is to be
noted that also the vertical dimension of the FCAS 5 is
chosen larger than the thickness or height of the chip 10. The
FCAS may further cover and surround a plurality of chips 10
arranged on the mounting substrate. Alternatively, a plurality
of FCAS’s 5 might be provided on the mounting substrate,
each of them covering at least one chip.

[0038] The elements 50 may be optoelectronic elements
50, such as VCSELs (Vertical Cavity Surface-Emitting
Lasers), photodiodes, laser diodes, photodetectors or other
devices capable of emitting or detecting electromagnetic
radiation. They may comprise an active area forming part of
the main surface 10a (FIG. 2) of the chip 10 or substrate. The
lateral extensions of the element 50 on the main surface, that
is the extensions of the active area, may be in the range
between 0.1 um and 100 pm, such as in the range between
1 um and 40 pm. These and the above numbers for the lateral
extensions of the chip 10 and/or of the element 50 may refer
to one or to both of the lateral directions x and y. In FIG. 1,
the element 50 is visualized by an elevated portion of the
upper surface (main surface) of the chip 10. However, in
reality no such elevation needs to be present; and in most of
the following Figures the optoelectronic or photonic element
50 will not be indicated specifically.

[0039] In the particular example of a substrate shown in
FIG. 1 and in the following Figures, the substrate 15
comprises a mounting substrate 20 and one chip 10 or a
plurality of chips 10 (which may be optoelectronic chips,
photonic chips or photonically integrated chips) on top of it.
For conciseness, in the following only optoelectronic chips
will be referred to with the understanding that photonic
chips or photonically integrated chips are equally addressed,
though not mentioned explicitly.

[0040] The (optoelectronic) chip may comprise radiation-
detecting or radiation-emitting elements 50 of the sorts
mentioned earlier above and, optionally, an integrated cir-
cuit. However, in addition to or instead of a microelectronic,
integrated circuit, the element 50 or number of elements 50
may be the main feature, that is the main component of the
chip; thus defining the operational chip function and without
any integrated circuitry being needed for operating the
element or elements 50. Accordingly, the chip may comprise
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only one optoelectronic component (VCSEL, photodiode,
etc.; see above) or a group or plurality of them. The chip 10
may thus be designed for supporting and operating at least
one optoelectronic, photonic or photonically integrated
device or devices. Although a particular type of substrate is
depicted in FIG. 1 and in the following Figures, it is to be
noted that any other kind or arrangement of one or plural
chips 10, mounting substrates 20 and/or elements 50 may
constitute the substrate 15 in the Figures.

[0041] Referring again to FIG. 1, apart from the substrate
15 with the at least one optoelectronic and/or photonic
element 50, the fiber coupling device 1 further comprises the
fiber coupling alignment structure 5 or ‘FCAS’ arranged on
it. Particularly, the FCAS 5 is arranged directly on the
substrate surface of the substrate 15 and covers at least a
surface portion of a substrate main surface. According to the
application, the ‘FCAS’ or fiber coupling alignment struc-
ture 5 directly abuts or adjoins the substrate surface, i.e.
directly contacts the substrate surface or substrate material
of the substrate 15 without any other material such as glue,
or adhesive or the like, in between them (glueless connec-
tion). The FCAS 5 is made of a polymer, particularly of a
laser-solidified polymer which, for instance, may be a poly-
mer obtained by polymerizing a polymerizable material such
as a resist material. The polymer material 4 of the FCAS 5
is thus in direct contact with all surface portions of the
substrate 15 covered by the FCAS 5. In FIG. 1, a surface
portion of a main surface 20a of a mounting substrate 20 as
well as an upper main surface and at least two sidewalls of
the chip 10 are in direct contact with and thus directly
abutting and adjoining the polymer material 4 of the FCAS
5. The polymer material 4 thus forms a solid material block
comprising a support interface surface 6 directly contacting
and thus adjoining the substrate 15 (glueless connection).
The position of the support interface surface 6 adjoining the
substrate 15 or substrate surface 16 is indicated explicitly in
FIG. 2 as a hatched, lowermost region of the FCAS 5.

[0042] FIG. 2 and FIGS. 3 and 4 alike show an interme-
diate product during manufacture of the fiber coupling
device 1, with the intermediate product still comprising a
precursor polymerizable material 2 for the final polymer
material to be formed in directly abutting contact to the
substrate surface 16. The support interface surface 6 of the
FCAS 5 of the final fiber coupling device 1 (as shown in
FIGS. 4 to 8 by reference sign ‘6’ at the bottom of the
solidified polymer material 4) will be arranged at the same
position, particularly at the same height above or distance
from the substrate main surface 10a and/or 20a, as the
precursor polymerizable material 2 in FIGS. 2 to 4. How-
ever, the final interface surface 6 of the fabricated fiber
coupling device 1 may be a part or a partial interface surface
of and thus may be arranged within the lateral extensions
and/or outer contour of the interface surface spanned by the
precursor polymerizable material 2 in FIGS. 2 to 4; since the
conversion into the polymer material 4 may be performed
selectively, that is only in a portion of the entire substrate
main surface of the substrate.

[0043] In the illustrated example of FIG. 1, the support
interface surface 6 comprises most part of the main surface
20a of the mounting substrate 20, the upper main surface
10a of the chip 10 facing away from the mounting substrate
20 and further comprises two opposite sidewalls 105 of the
chip 10. Since in the final fiber coupling device 1 of FIG. 1
the polymer material 4 of the FCAS 5 forms a support
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interface surface 6 directly contiguous to the substrate
surface 16 of the substrate 15; 10; 20 and in direct contact
to it, the FCAS 5 and the substrate 15 combinedly form, as
an integral part, the fiber coupling device 1 with no inherent
problem of proper positional (lateral and/or vertical) adjust-
ment between the outer shape of the FCAS 5 and the
substrate surface 15. Particularly, the exposed outer contour
of'the FCAS 5 is in an aligned position relative to the at least
one optoelectronic or photonic element 50 on the chip 10 or
substrate 15.

[0044] This optically aligned position of the FCAS 5
relative to the element 50 includes an aligned position,
relative to the element 50, of the fiber support region 7 where
at least one fiber 30 is mountable. Hence, the fiber coupling
device 1 of the present application inherently ensures high
coupling efficiency, once a fiber will be mounted to the fiber
coupling device 1, and allows much larger tolerance margin
for self-aligned fiber mounting or even for active fiber
mounting, since no positional offset or mismatch between
the fiber support region 7 and the optoelectronic or photonic
element 50 does occur.

[0045] The FCAS 5 of the fiber coupling device 1 com-
prises an outer contour or shape exposed to the ambient
atmosphere or air; with the exception of the support inter-
face surface 6 directly contacting the substrate and, upon
fiber mounting, also with the exception of the fiber support
region 7 to be connected to an endpiece of at least one
optical fiber 30 by means of a thin layer of glue or another
adhesive.

[0046] The FCAS 5 comprises one or a plurality of fiber
support regions 7. The at least one fiber support region 7
may comprise a fiber support surface 75 (see FIGS. 4, 5, 7
and 8) which may be formed as a U-shaped or V-shaped
groove (in the yz-plane perpendicular to the drawing plane),
with a main extension along a direction “x’ which predefines
the axial direction ‘a’ of an optical fiber endpiece (explicitly
illustrated in FIGS. 1 and 6) to be glued into and/or onto it.
The fiber support region 7 may further comprise a coupling
surface 7a (see FIGS. 4 to 8, for instance) facing a fiber
endsurface at the axial end of the fiber endpiece. When the
fiber is mounted to the groove, a beam B of electromagnetic
radiation R (FIG. 1) such as visible light propagates in the
polymer material 4 of the FCAS block between the coupling
surface 7a and the optoelectronic or photonic element 50.
Likewise, a plurality of respective beams may propagate, in
the polymer material 4 of one or plural FCAS blocks,
between a plurality of fiber endpieces and a plurality of
optoelectronic or photonic element 50 of the chip 10 or
substrate 15. The fiber endpiece of any optical fiber 30 may
be glued very closely to and thus fitted to the fiber support
region 7, for instance by pressing it against a thin film of
glue material in the groove and/or against the coupling
surface 7a. Since only a thin layer of glue or adhesive is
provided between the fiber contour and the contour of the
fiber support region 7 of the FCAS 5 and since the fiber
support region 7 is in optical alignment with respect to the
respective element 50 underneath the FCAS 5, so high
coupling efficiency is ensured.

[0047] But even in case of non-ideal positioning of the
fiber endpiece at the fiber support region 7, a relatively high
quality connection between the fiber endpiece and the ele-
ment 50 is still achieved, since the outer contour of the
FCAS 5 (including the contour defining the fiber support
region 7) already is in an optically aligned position relative
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to the element 50. This is mainly due to the circumstance
that, at the bottom of the FCAS 5, the polymer material 4 is
directly adjoining the substrate surface of the chip 10
without any misalignment conventionally caused by the
necessity of connecting the FCAS 5 to the substrate by
means of an intermediate adhesive material layer. In con-
ventional fiber coupling devices, the polymer material 4 of
the FCAS 5 is thus not grown on the substrate surface
directly, but instead is first shaped separately as an extra part
and is then glued to the substrate 16, thus requiring an
additional material layer beneath the bottom interface sur-
face of the FCAS 5. Such a conventional construction
(placing glue beneath the bottom surface of the convention-
ally preshaped FCAS structure) significantly reduces the
margin or positional tolerance left for sufficiently high
quality fiber coupling, even if the assembly is monitored
closely. However, the FCAS 5 of the fiber coupling device
1 of the application does not have any significant lateral or
vertical offset from its ideal position relative to the opto-
electronic or photonic element 50, since the FCAS 5 and the
substrate 15 combinedly form an integral part without any
additional layer of glue between them. This qualifies an
improvement especially over conventional fiber coupling
devices having a molded, particularly injection molded
FCAS 5, which vary in size and have imprecise dimensions
due to dimensional shrinkage and/or geometrical distortions
when cooling off after injection molding, and which further
have to be positioned, as best as yet possible, on an addi-
tional layer of adhesive material to be applied to the sub-
strate surface.

[0048] In conventional fiber coupling devices, the process
window for proper positioning and thus for sufficiently high
coupling efficiency is further narrowed by the need to mount
or to design a reflection surface for deflecting the direction
of main propagation of the light beam B, in its path of
travelling between the optoelectronic or photonic element 50
and the fiber endpiece or fiber coupling surface, by an angle
of about 90°. This is due to the circumstance that an element
50 mounted on the chip’s main surface 10a is usually
emitting or receiving light from or to a direction substan-
tially normal to the chip’s main surface 10a. Accordingly, in
FIGS. 1 and 2 the beam B of radiation R is to propagate, near
the chip 10, in a direction corresponding to the normal
direction ‘n’ or vertical direction z, or deviating from such
a direction by an angle of less than 45°, such as less than 20°.
On the other hand, when the endpiece of an optical fiber is
to be coupled to the element 50 of the chip 10 or substrate,
the height of the entire fiber coupling device 1 (including the
fiber endpiece) shall not be unreasonably high. Accordingly,
in order to form rather flat devices, fibers endpieces are
usually mounted in parallel to the main surface of the
substrate 15, chip 10 and/or mounting substrate 20. Accord-
ingly, light propagation near the fiber endpiece needs to be
substantially parallel to the main surface, whereas light
propagation near the element 50 needs to be substantially
normal to the main surface. Thus further means are required
for deflecting the direction of beam propagation by approxi-
mately 90° from vertical to horizontal or vice versa. Con-
ventionally, transmitters or receivers for low-cost optical
connectivity are produced in wafer-level processes, the
optical axis of the light to be transmitted or received thus
being normal to the chip’s main surface. The chips are
mounted with their second, opposite main surface on a
printed circuit board or mounting substrate. Finally, electri-
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cal contact pads (not illustrated) on the upper main surface
of the chip are connected, for instance by thin wire bonds,
to the mounting substrate. To avoid an unreasonable height
of the fiber coupling device, the optical fiber should extend,
at the connected fiber endpiece, in parallel to the main
surface 20a of the mounting substrate 20 or printed circuit
board; an optical mirror oriented at an angle of about 45°
thus being required. Such a reflection surface is at least
needed as long as the chip 10 shall be oriented in paralle] to
the mounting substrate.

[0049] Accordingly, optical coupling efficiency between
the optical fiber 30 and the at least one optoelectronic or
photonic element 50 additionally depends on the position
and orientation of a reflection surface 8 (FIG. 1) additionally
required for the fiber coupling device 1.

[0050] Conventionally, additional parts such as mirrors or
coatings may be provided. But even in case the outer contour
or shape of the fiber coupling alignment structure 5 includes
and constitutes the refection surface 8, the path of light
propagation is further influenced by any distortions and/or
misplacements of the reflection surface 8, due to injection
molding and subsequent gluing onto the substrate, which
adds up to any further positional mismatch of the fiber
support region 7 relative to the element 50 of the substrate
15. According to FIG. 1 and the further embodiments of the
present application, even the reflection surface 8 forms part
of the integral structure comprised of the substrate 15 and
the FCAS 5, thus ensuring proper positioning of both the
reflection surface 8 and the fiber support region 7 relative to
the element 50, both in lateral and vertical directions. As a
result, along the entire light path between each optoelec-
tronic element 50 and the respective coupling surface 7a of
the fiber support region 7, no such adverse effects impairing
coupling efficiency can occur.

[0051] The reflection surface 8 is an exposed first polymer
surface portion 5a exposed to the ambient atmosphere or air;
it is designed for internal reflection of a light beam propa-
gating on the inside of the FCAS 5, between the element 50
and the fiber support region 7. The reflection surface 8 is
located, oriented and/or formed such as to deflect the light
beam B propagating inside the FCAS 5 by an angle of about
90°, for instance by an angle of between 45° and 135°, such
as between 75° and 115°. In the exemplary embodiment of
FIG. 1, the first surface portion 5a of the outer contour or
shape of the FCAS 5 is formed as a part of a cylindrical,
spherical or aspherical surface. In particular, the mirror or
reflection surface 8 is shaped to focus the beam of light in
two directions, thus collimating the beam B of radiation R
between the element 50 and the fiber support region 7. With
the fiber coupling device 1 of the application, even at the
reflection surface 8 of the FCAS 5 no deviation or offset
from the ideally deflected light path can occur within the
FCAS 5.

[0052] With all these benefits, it is unnecessary to actively
measure coupling efficiency as sometimes conventionally
required by obtaining feedback information such as the
receiver signal or the light intensity or power in the fiber
representing the coupling efficiency to be maximized. More-
over, the integrally formed, one-piece construction of the
entire fiber coupling device 1 ensures a very broad tolerance
for the final gluing of the fiber endpiece onto the fiber
support region 7. Particularly, the integral-formed part
includes the substrate 15 as well as the support interface
surface 6, the reflection surface 8 and the fiber support
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region 7 of the FCAS 5. Accordingly, fast and very inex-
pensive fiber coupling is ensured using passive alignment
with very relaxed tolerance conditions regarding the final
position of the fiber 30.

[0053] FIGS. 2 to 5 show steps of an exemplary method of
forming the fiber coupling device 1 of FIG. 1 or of the fiber
coupling device of any other embodiment of the application.
Like FIG. 1, FIG. 2 shows a cross-sectional view along the
directions x and z. First, the substrate 15 is provided, for
instance by mounting at least one chip 10 on a mounting
substrate 20. As in FIG. 1, the chip 10 is mounted with its
main surface 10a in parallel to the main surface 20a of the
mounting substrate 20, but facing away from it. Particularly,
electrical contacts (not illustrated) for contacting the at least
one optoelectronic or photonic element 50 and provided on
the upper main surface 10a of the chip 10 are connected to
the mounting substrate 20. With this or another kind of
substrate 15 (as discussed in detail above) provided, the
method comprises a step of applying a polymerizable mate-
rial 2 to at least a portion of the substrate surface of the
substrate 15. In FIG. 2, a surface portion 17 thus covered
with the polymerizable material 2 includes a main surface
10a of the at least one chip 10, the sidewalls 105 (all of them
or at least two of them) of at least one chip 10 and a portion
of'a main surface 20a of a mounting substrate 20 extending
beyond the lateral extensions of the chip 10. At this stage,
the polymerizable material 2 directly adjoins and covers the
substrate surface 16 which includes a substrate surface
portion 17 on which solidification into polymer will be
caused later. In FIG. 2, on the substrate surface 16, the
polymerizable material 2 in direct contact with it is indicated
as a lowermost, hatched region of the polymerizable mate-
rial 2; at the bottom of this hatched region the support
interface surface 6 will be formed upon polymerization of
the polymerizable material 2. By the way, depending on how
the method is executed, the polymerizable material 2 may
cover only a portion 17 of the main surface 20a of the
mounting substrate 20 or may even extend beyond and
partially cover sidewalls 205 of the mounting substrate 20.

[0054] The polymerizable material may particularly be a
resist material. Some exemplary polymerizable materials are
chalcogenide glasses such as As,S;, IP-resists, for instance
acryle-based resists, organically modified ceramics (OR-
MOCERs) and, generally, both positive or negative resists
prone to polymerization upon supplying energy by means of
illumination, particularly by means of laser radiation, for
instance by means of infrared laser radiation. Particularly,
any material capable of laser-induced polymerization, and
thereby solidification, is suitable for the methods of the
application.

[0055] According to FIG. 3, a step of partially, selectively
polymerizing the polymerizable material 2 into a polymer
material 4 is executed. For this method step, any technique
of 3D or three-dimensional lithography may be applied in
order to form a three-dimensionally shaped polymer struc-
ture, namely the FCAS 5, within the volume of the polym-
erizable material 2. Due to the application of a technique of
3D-lithography in this method step, it is feasible to shape a
fiber coupling alignment structure 5 out of polymer material
4 with a shape that is designed not only in two lateral
directions X, y but also along the third dimension or vertical
direction z, thus enabling a creation of a precisely manu-
factured contour of the solidified region within the polym-
erizable material 2 that will finally constitute the outer shape
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of the FCAS 5 to be formed. Moreover, since from the
beginning the polymerizable material 2 directly covers the
substrate surface 15, particularly the main surfaces 10a and
20a of the chip 10 and of the mounting substrate 20 (FIG.
2), the FCAS 5 may be grown starting directly on the
substrate surface, thereby inherently forming it in direct
contact with the substrate and thus without any misalign-
ment to the optoelectronic or photonic element 50 of the
chip. This ensures that no deviation of the final position of
the FCAS 5, particularly of its fiber support region 7 and its
reflection surface 8, with regard to the position of the
element 50, does occur.

[0056] For polymerizing and thus solidifying the polym-
erizable material 2 to the polymer material 4, any 3D-litho-
graphic technique may be applied. Among them, laser-
induced polymerization such as 3D-laser printing (3D-laser
scanning), or 3D-holographic lithography (particularly
dynamic maskless 3D-holographic lithography; DMHL)
may be applied. FIG. 3 shows an embodiment using 3D-la-
ser printing by means of a laser beam 40 collimated by a
collimator lens 41 to a focal region where laser intensity is
sufficiently high to locally polymerize and thus convert the
polymerizable material 2 to the solid polymer 4. The laser
generating the laser beam may particularly be an infrared
laser. The 3D-lithographic techniques exploited according to
the application may be performed using two-photon-polym-
erization, thereby restricting the region where polymeriza-
tion actually takes place to the focal region of the focused
laser beam 40. Accordingly, only in the focal region the laser
intensity is high enough to provide sufficient likelihood for
two photons to be available at a time for monomers to
combine to a polymer, whereas outside the focal region
statistically only one photon will be available, thus failing to
provide sufficient energy to trigger polymerization.

[0057] As indicated in FIG. 3, the laser beam 40 is
controlled so as to move its focal region throughout the
volume of the polymerizable material 2, thus leaving tracks
of solid polymer material 4 which add up to finally form the
FCAS 5. For instance, according to FIG. 3 the laser focus is
first moved in a lowermost region at or closely above the
substrate surface 16 of the chip 10 and/or of the mounting
substrate 20, thus first forming the fiber support region 6
directly adhering to the substrate surface 16, for instance by
scanning along both lateral extensions X, y within the
footprint of the FCAS 5 to be formed. Thereafter, laser
scanning may be continued or repeated in positions or planes
more distant from the substrate surface of the mounting
substrate. The laser is controlled such that the track of the
laser focal region moved throughout the complete volume of
the FCAS 5 to be formed of the polymer 4. Particularly, the
outer contour of the polymerized region may be shaped
according to the movement of the laser focal region along or
closely within the desired, predefined outer surface of the
FCAS 5; this track movement is adjusted with reference to
the position of the at least one optoelectronic or photonic
element 50 of the chip 10. Any positional offset of the chip
10 or of its element 50 from a desired position, if detected
before or during the step of locally solidifying the polym-
erizable material, may instantly be compensated by adjust-
ing the path or track of the laser focal region through the
three-dimensional volume of the polymerizable material.
For instance, in case that the chip 10 is observed to be offset
along the positive lateral x direction, the entire track of the
laser beam can be controlled to be shifted and thus offset,
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also along the positive direction X, thus compensation the
offset of the actual, initial or current chip position. Thereby
the outer contour of the FCAS 5, particularly the reflection
surface 8 and of'the fiber support region 7, are placed, during
their formation, in predefined ideal positions relative to the
position of the optoelectronic element 50 of the substrate or
chip.

[0058] FIG. 4 shows the result of 3D lithography, with the
region of solidified polymer material 4 constituting the
volume and thus the shape of the FCAS 5 shown in FIG. 1.
Although still embedded in the surrounding, liquid polym-
erizable material 2, the FCAS 5 already comprises all final
surface portions such as the reflection surface 8 and the fiber
coupling region 7, both optically aligned with the position of
the optoelectronic or photonic element 50. The fiber cou-
pling region 7 specifically may comprise a coupling surface
7a (through which the radiation passes before or after having
passed the end of an optical fiber 30) as well as a fiber
support surface 76 shaped as a groove or otherwise designed
to at least partially surround and thereby receive an outer
circumferential fiber surface of the optical fiber 30 or of its
cladding or coating. Both surfaces 7a, 75 are in an adjusted
position relative to the substrate and its element 50, and the
same is true for the reflection surface 8. Since the track or
movement of the laser focal region and thus of the outer
shape of the FCAS 5 is controlled and, if necessary, adjusted
during its formation in-situ on a real-time basis, from the
beginning of the polymerizing step any misalignment is
inhibited and/or compensated. Accordingly, the FCAS 5 is
built up voxel-by-voxel by writing with laser light (e.g., such
as using a pulsed laser, such as a pulsed infrared laser, for
instance) directly onto a printed circuit board and/or on the
chip 10. In contrast to two-dimensional lithographic tech-
niques as used in semiconductor manufacturing, the three-
dimensional lithographic techniques applied here are con-
tactless and thereby give entire freedom regarding the
design, also along the vertical direction z or distance from
the substrate, for the FCAS 5 to be shaped. Very high
precision within the range of sub-micrometer resolution is
easily obtained by 3D-lithography as applied here. At the
same time, great progress in the writing speed of 3D laser
lithography (currently in the order of 5 meters per second or
even higher) contribute to a fast build-up of the FCAS §
directly on the substrate 15. Furthermore, laser scanning is
extremely flexible with regard to the outer contour of the
polymer structure to be tailored, since any arbitrary outer or
inner surface can be shaped by appropriately leading the
laser beam focus through the polymerizable material 2. For
instance, complex shapes like curved mirrors for optical
components (such as the reflective mirror 8 or even other
convex or concave lens surfaces) may be designed thereby.
Due to the increased writing speed, large-scale production
becomes affordable. Alternatively to 3D laser scanning as
depicted in FIG. 3, holographic lithography or other tech-
niques of 3D lithography may be applied instead.

[0059] As apparent from FIG. 5, after having completed
3D lithography and thus generated the solidified polymer
structure serving as the FCAS 5, all that is left to do by the
practitioner is to clean the substrate 15 and the FCAS 5
formed of solid polymer material 4 from any remaining
non-polymerized material 2, thereby exposing the pre-
formed FCAS 5 of the fiber coupling device 1. In this
context, exposing means uncovering the FCAS 5, particu-
larly uncovering the FCAS 5 from unpolymerized polym-
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erizable material. Of course, in this context, ‘exposing’, that
is ‘uncovering’ is not related to the term ‘exposure’ as used
in conventional lithographic processes in which a mask is
formed in contact with the layer which is then ‘exposed’
lithographically, that is subjected to light for patterning the
mask. In the current context, ‘exposing’ neither is related to
any kind of ‘exposure’ to an etchant, as is the case in
conventional lithography when the mask has already been
patterned and the layer underneath, through openings in the
patterned mask, is ‘exposed’ to the etchant. Instead, as stated
above, in the claims of the present application, particularly
in independent claims 1 and 24, ‘exposing’ means “‘uncov-
ering’, that is freeing of the polymerized FCAS structure 5
from the non-polymerized material around it. Consequently,
when the polymerized material has been uncovered, the
FCAS structure 5 is exposed to the ambient air. The exposed
FCAS 5 of the fabricated fiber coupling device 1 comprises
a support interface surface 6 directly adjoining the substrate
surface 16; 20a; 10a; 105 (see FIG. 2) or at least a surface
portion 17 thereof. As no step of mounting the FCAS 5 onto
the substrate 15 is required any more, optical alignment
between the FCAS 5 and the substrate 15 is guaranteed. As
further apparent from FIG. 5, the FCAS 5 comprises edges
19 confining the support interface surface 6 as well as
sidewalls 9 adjoining the support interface surface 6 along
the edges 19. Especially when the entire footprint of the
FCAS 5 is within the lateral extensions the substrate 15, the
sidewalls 9 of the FCAS 5 are offset relative to the sidewalls
205 of the mounting substrate 20. The substrate thus serves
as a support surface for the entire fiber coupling alignment
structure 5; in these embodiments the sidewalls 9 of the
FCAS 5 and the sidewalls 205 of the substrate 20 supporting
the FCAS 5 may be offset from one another rather than flush
with one another.

[0060] As a final step, as apparent from FIG. 1, an
endpiece of an optical fiber 30 may be glued onto the fiber
support region 7. This final mounting step (self-aligned due
to the conformity of the fiber support surface 7 to the fiber
circumferential surface) profits from the great tolerance
already achieved by the highly precise positioning of the
FCAS contour, particularly of its fiber support region 7,
reflection surface 8 and support interface surface 6, relative
to the substrate. As a consequence, when mounting the
optical fiber 30, high optical coupling efficiency is achieved.

[0061] A further benefit is that the step of mounting the
fiber endpiece may be postponed to any later point in time,
after fabrication of the fiber coupling device 1 per se
(including the FCAS 5) has been completed. Accordingly,
the fiber coupling devices 1 may be fabricated, stored and
distributed long before the end user will mount optical fibers
to them. And when the end user will mount a fiber, high
coupling efficiency is achieved without further special align-
ment measures being required.

[0062] FIGS. 6 to 8 show alternative exemplary embodi-
ments of fiber coupling devices obtainable by exploiting 3D
lithography. According to FIG. 6, the reflection surface 8 is
planar or flat rather than curved; with a uniform inclination
angle of about 45° or at least between 40° and 50°. Here, the
FCAS 5 does not comprise curved surfaces serving as a lens
for collimating the light beam. However, instead the end-
piece 31 of the optical fiber 30 may be curved, at its axial end
facing the coupling surface 7a, to achieve the collimating
effect.
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[0063] For instance, the axial end surface of the fiber
endpiece 31 may be formed spherically or aspherically. In
FIG. 6, the distance between the axial fiber end surface and
the coupling surface 7a of the fiber support region 7 is
illustrated larger than actually chosen. The FCAS 5 can be
designed such that maximum coupling efficiency is achieved
when the fiber end surface directly contacts, at least with its
central end surface region, the coupling surface 7a or when
a predefined minimum gap or distance between them to be
filled with glue or adhesive material is left.

[0064] FIG. 7 shows another embodiment in which the
FCAS 5 comprises a curved surface. However, in FIG. 7 the
coupling surface 7q, that is another, second surface portion
5b than the first surface portion 5a used as the reflection
surface 8, is curved so as to form a lens 11 or lens surface.
Throughout FIGS. 1, 4 to 7 and 8 it is to be understood that
in the plane perpendicular to the direction x the fiber support
surface 75 of the fiber support region 7 is formed such as to
receive the outer, circumferential surface of a fiber 30 or of
its cladding (or even of its coating) in a self-aligning manner,
with almost no leeway being left except for the thickness of
a thin layer of glue or adhesive. The fiber support surface 75
may for instance be a groove, such as a U-groove or a
V-groove. The application of 3D laser printing or of another
3D-lithography technique allows precise shaping such as
lens surfaces and other complex curved surfaces out of the
polymerizable material 2, such as the reflection surface 8 in
FIG. 5 or the coupling surface 7a in FIG. 7.

[0065] FIG. 8 shows a further embodiment of a polymer
structure 5 formed using 3D lithography and comprising
inner sidewalls facing a cavity 12. According to FIG. 8, the
FCAS 5 formed of the polymer 4 bridges over the chip 10
which may be arranged on a mounting substrate 20. How-
ever, the polymer material 5 neither contacts nor conforms
to the shape or surfaces of the chip 10. Instead, the polymer
material 4 forms inner sidewalls 9a as well as a lens surface
11 above the chip 10; these surfaces confine a cavity 12 or
bridged region 13. In the second lateral direction y, the
bridged region 13 may be open on one or both sides, thus
enabling removal of non-polymerized material 2 from the
cavity 12 enclosed between the FCAS 5 and the mounting
substrate 20. The height of the bridged region 13 or cavity
12 is larger than the thickness of the chip 10 on the mounting
substrate 20.

[0066] The lens surface 11 (third surface portion 5c)
formed at the ceiling of the cavity 12 or bridged region 13
forms a collimating lens within the path of electromagnetic
radiation propagating between the element 50 of the chip 10
and the coupling surface 7a of the fiber coupling device 1.
Of course, the cavity 12 and/or bridge region 13 may be
combined with other features of the FCAS 5 of any Figure
or other embodiment of this application. Due to the cavity 12
shown in FIG. 8, the support interface surface 6 of the FCAS
5 only comprises surface portions 17 of the substrate surface
16 of the mounting substrate 20 or printed circuit board 21,
without abutting any surface portions of the chip 10 or of its
optoelectronic or photonic element 50. Thus even inner
surfaces 9a, 11 defining a cavity 12 or a bridged region 13
may easily be formed to realize embodiments similar to FIG.
8, due to the adaptability of geometrical shapes formed by
3D lithography.

[0067] All embodiments of fiber coupling devices 1 pre-
sented in the application may be formed by a manufacturing
method as defined in the claims, particularly using laser
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scanning as illustrated in FIGS. 2 to 5. Alternatively, any
other technique of 3D lithography than 3D laser printing
may be applied, for instance holographic lithography.
Although these methods are known as such, application of
such methods to the formation of fiber coupling alignment
structures on a substrate is not known so far.

[0068] The techniques of 3D lithography may likewise be
applied to substrates that do not include a mounting sub-
strate. Particularly, the FCAS 5 may be grown by means of
3D lithography on an optoelectronic, photonic or photoni-
cally integrated chip 10 only. Accordingly, one or a plurality
of fiber coupling alignment structures 15 may be formed on
a single chip 10 or any other single piece of substrate.

[0069] As shown in FIG. 9, the chip or substrate may also
be a wafer 60, for instance a semiconductor wafer not yet
singulated by dicing. The surface of a wafer 60 may thus be
used as the seeding plane for growing a large plurality of
fiber coupling alignment structures 5 on a two-dimensional
array or pattern of optoelectronic or photonic elements 50.
The method of the application may thus be executed on a
wafer-level basis, with a wafer comprising a two-dimen-
sional array of rectangular wafer areas each intended to
represent a respective chip surface area for a chip of a
respective fiber coupling device 1 to be formed. Accord-
ingly, a plurality of fiber coupling alignment structures 5
may be formed on one single wafer. After the fiber coupling
alignment structures 5 are grown onto the wafer surface
areas, the wafer 60 is singulated, which is diced into a
plurality of chips 10, each comprising at least one respective
FCAS 5 of polymer material 4 in direct contact with its chip
surface 10a. Upon dicing, a plurality of fiber coupling
devices 1 is obtained, each ready for mounting of a respec-
tive fiber 30 with high coupling efficiency.

[0070] As illustrated in FIG. 10, instead of producing on
a wafer-level basis or on a combined substrate comprising a
mounting substrate 20, alternatively one or a plurality of
diced or otherwise pre-shaped optoelectronic, photonic or
photonically integrated chips 10 may be used as the sub-
strate 15 for growing FCAS structures 5 on it or them. In this
case, the fiber coupling alignment structures 5 are grown, by
an appropriate 3D lithographic technique, directly on the
main surface 10a of the respective chips 10. Whereas
according to FIG. 10 one large FCAS 5 covers the most part
of the main surface 10a of an individual chip, alternatively
a plurality of such structures 5, each one small in size
compared to the lateral extensions of the main surface 10a
of the chip 10, may be formed, either simultaneously or one
after the other, on the same respective chip 10. The size of
the chip 10 and the size and lateral dimensions of the FCAS
structures 5 may be chosen appropriately in view of the total
number and arrangement of optoelectronic or photonic ele-
ments 50 on the chip 10. In FIG. 10, the axial fiber
endsurface and the outer circumferential surface of the fiber
endpiece 31 are denoted with 32 and 33, respectively. As
further apparent from FIG. 10, there is a gap or distance
between the fiber support region 7 (comprising the coupling
surface 7a and the fiber support surface 7b) and the fiber
endpiece 31 (comprising the fiber endsurface 32 and the
circumferential surface 33) which gap or distance is filled
with an adhesive (not shown), such as with a conformal
layer of adhesive. Accordingly, there is a glue layer or other
adhesive layer connecting the fiber support surface 7 to the
fiber endpiece 31. Thus the surfaces 7a, 7b of the polymer
material 4 of the FCAS 5 are not in direct contact with the
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fiber surfaces 32, 33 but are arranged at a small but finite
distance from these fiber surfaces 32, 33. On the other hand,
at the bottom of the FCAS 5, there is no glue layer or other
adhesive layer between the support interface surface 6 and
the substrate 15. FIG. 11 schematically shows an exemplary
apparatus for 3D-laser printing for formation of the fiber
coupling alignment structures. The substrate 15 or plurality
of substrates (such as chips, mounting substrates or other
kinds of substrate arrangements) is arranged on a movable
stage 42 whose lateral position along the directions X, y is
controllable by a lateral scanning actuator drive 43. The
substrate 15 is covered with a polymerizable material 2. The
layer of polymerizable material 2 may be sandwiched
between the substrate 15 and a glass plate (not shown) on top
of it, thereby ensuring a uniform thickness of the polymer-
izable material defining the vertical range of laser focus
movement. A laser beam 40, generated by a laser source 39,
is collimated by a collimator lens 41, such as a microscope
objective. In FIG. 11, the vertical distance between the
collimator lens 41 and the substrate 15 is exaggerated;
actually the collimator lens 41 is arranged closely above the
layer of polymerizable material 2 on the substrate 15. The
collimator lens 41 strongly collimates the laser beam 40 in
diameter, thereby obtaining a confined focal region in with
laser intensity exceeds a threshold intensity value needed for
sufficient likelihood to trigger two-photon-polymerization.
This focal region is positioned at a certain vertical position
z within the layer of polymerizable material 2. The laser
beam may in particular be an infrared laser beam.

[0071] The apparatus comprises a focal depth actuator unit
37 for controlling the vertical position of the focal region of
the laser beam 40. The focal depth actuator unit 37 may
comprise, apart from a unit for lifting and lowering the
collimator lens 41, two mirrors 38 for achieving real-time
adjustment of the laser focus vertical position during 3D-la-
ser printing. Also the lateral movement of the movable stage
42 or substrate support is actuated or controlled so as to
provide real-time adjustment of the momentary lateral x
and/or y position of the laser focal region and relative to the
layer of polymerizable material 2 on the substrate 15.

[0072] For observing the substrate surface directly during
the process of laser printing, a digital camera 35 observing
exactly along the direction of the laser beam 40, through a
semi-transparent mirror 34, is used. Within the volume of
the polymerizable or otherwise photosensitive material,
upon two-photon absorption, local polymerization occurs in
those spatial regions of the polymerizable material 2 tem-
porarily passing the focal region of the laser. A pulsed laser
is effective and typically used. The energy and number of
ultra-short laser pulses applied may be controlled to adjust
the size of the focal region where two-photon absorption and
thus polymerization shall occur. The pulse duration of the
laser beam may, for instance, be below 100 femtoseconds,
and the pulse rate may be in the order of 45 MHz. A scanning
resolution of 100 nm or even smaller is achievable using 3D
lithography. The wavelength of the laser typically is within
the range of infrared wavelengths, for instance in the range
between 800 nanometers and 100 microns.

[0073] The positioning of the stage 42 during 3D lithog-
raphy may be accomplished using piezoelectric scanning
actuator drive means, for instance. Positive-tone photore-
sists as well as negative-tone photoresists, either both solid
or liquid ones, may be used. After having scanned the
polymerizable material and thereby built up the three-
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dimensional polymer structure or polymer structures con-
stituting the respective FCAS 5, the non-polymerized mate-
rial is washed off of the substrate 15.

[0074] Since during 3D-laser printing (3D-laser scanning)
the position of the focal region is travelling along the
three-dimensional volume of the resist layer of polymeriz-
able material 2 with the vertical position of the focal region
being additionally controlled within the range of the thick-
ness of the layer of polymerizable material 2, three-dimen-
sional polymer structures having shapes whose lateral
dimensions vary in a predefined manner along the height of
the polymer structure can be formed. Thus, in contrast to
two-dimensional lithographic techniques requiring masks
and etching from above through a patterned mask, a greater
variety of structures may easily be formed. By observing the
substrate surface, using the digital camera 35 such as a CCD
or CMOS camera through the semi-transparent mirror 34 as
in FIG. 11, along the direction of the laser beam, the FCAS
5 can be monitored in real time during its growth and thus
can be reliably positioned relative to the element 50 on the
substrate. Since the same optical vision system (i.e. optical
elements such as the mirrors 38, the focal depth actuator unit
37 and the collimator lens 41) are used both for navigating
the track of the laser focal region as well as for observing the
polymerized structure and the substrate surface on the
display of or connected to the camera 35, even observation-
related offsets between the observation direction, the obser-
vation path and/or the position of the observed substrate
surface relative to the path of the laser beam are eliminated.

[0075] Thus the fiber coupling alignment structures 5,
particularly their reflectors, lenses, other shaped contours
and any alignment features for the optical fiber may be
shaped and positioned with high precision in the sub-
micrometer range smaller than 100 nm. High precision
movement of the laser focus inside the resist layer voxel-
by-voxel thus generates the entire fiber coupling alignment
structures 5 by stepwise or incremental local polymeriza-
tion. By applying 3D-laser printing or another technique of
three-dimensional lithography, the application renders
molded optical parts or any further constructional pieces
obsolete. Furthermore, these three-dimensional lithographic
techniques are contactless, especially since they do not
require formation of any mask on the substrate, and may be
controlled reliably based on a visual control by means of the
visual system. Accordingly, maskless 3D-lithography can be
applied for selectively polymerizing the polymerizable
material. Furthermore, rapid, inexpensive and real-time cor-
rection during 3D-lithography patterning is achieved due to
the use of a visual control system. By means of the visual
control system, the position and shape of the regions to be
polymerized can be controlled prior to exposure or, as a
real-time control, even during exposure.

[0076] By applying other techniques of 3D-lithography,
the above advantages may equally be achieved. For instance,
holographic lithography may be applied, particularly
dynamic maskless holographic lithography (DMHL) for
shaping 3D-structures with dimensions in the micrometer
and nanometer range. A further benefit of holographic
lithography is that the entire FCAS 5 or plurality of fiber
coupling element structures 5 may be formed simultane-
ously, since the entire three-dimensional holographic pattern
is generated simultaneously when exposing the polymeriz-
able resist layer 2 to the laser pattern. Accordingly, a further
advantage of holographic lithography is a reduction of time
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consumption during manufacture, since holographic lithog-
raphy does not rely on any limited writing speed, since there
is no laser focus to be moved along all three dimensions.
However, regardless of the specific technique of 3D-lithog-
raphy applied, after exposure of the polymerizable material
2, a developing step may optionally be performed (depend-
ing on the particular resist material chosen) to complete the
internal process of polymerization and/or to harden the
polymer material. Upon removal of any non-polymerized
material 2, all fiber coupling alignment structures are com-
plete.

[0077] Due to the application of techniques of 3D lithog-
raphy such as 3D laser printing/scanning or 3D holographic
lithography, for instance, for shaping the FCAS 5, the FCAS
5 not only is an integral part per se (that is a one-piece
polymer structure constituting a polymer monoblock) but
also forms, together with the substrate, a one-piece integral
part constituting the fiber coupling device uninterrupted by
any air gap or adhesive material layer; the polymer material
4 of the FCAS 5 conforms to and directly adjoins the
substrate material at the substrate surface 16 of the substrate
15. Particularly this contact surface or interface surface
between the polymer material and the substrate material is
free of any air gap, adhesive or other material or layer.
Instead, the polymer material is directly fixed to the sub-
strate material that is to the bulk material of the chip or to
the bulk materials of the chip and of the mounting substrate.
From the substrate surface, the block of polymer material 4
extends up to the fiber support region 7, without any gap
filled with air or any layer of adhesive or other material in
between. Accordingly, the fiber support region 7 is arranged
in a position optically aligned relative to the position of the
optoelectronic or photonic element 50 of the chip.

[0078] Due to the techniques of 3D lithography applied for
the method of forming the fiber mounting device, the
monoblock structure of the FCAS 5 formed thereby may
even comprise a shape that includes one or plural overhang-
ing portions, such as the laterally overhanging, convex lens
11 oriented vertically in FIG. 7 or the polymer bridge of the
FCAS 5 bridging over the chip and the cavity 12 in FIG. 8,
for instance. Particularly, the contour or outer surface of the
FCAS 5 may comprise a surface portion that is arranged at
a distance from the substrate but, at the same time, is
oriented at an angle of more than 90° from the normal
direction of the substrate surface (and thus faces, in an
inclined orientation, the substrate surface). Furthermore,
apart from the laser beam or holographic laser pattern
generated, no further additional means are required for
shaping the contour of the FCAS 5, thus rendering the
manufacturing method less costly. The FCAS 5 can be
formed of any laser-solidified polymer, for instance by
polymerizing and thus solidifying a polymerizable resist
material.

[0079] Finally, at any later point in time after manufacture
of the fiber mounting device, the fiber endpiece can finally
be mounted, for instance by gluing it onto the fiber coupling
alignment structure 5. Since the outer shape of the fiber
coupling alignment structure 5 is inherently in optimum
position regarding the optoelectronic or photonic element 50
of the substrate, high coupling efficiency is safeguarded with
sufficient margin, even before the fiber endpiece is finally
mounted by the end user FIG. 12 shows a schematical top
view of the fiber coupling device 1 comprising at least one
optoelectronic or photonic element, such as the fiber cou-
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pling device of FIG. 1 or of one of FIGS. 5 to 10. The fiber
coupling device 1 shown in FIG. 12 comprises a plurality of
optoelectronic or photonic elements 50; 50qa, 505, 50c, 50d.
Accordingly, a plurality of optoelectronic or photonic chips
100a, 1005, 100¢, 1004 is arranged on the substrate surface,
that is on the main surface 20a of the mounting substrate 20.
In the example of FIG. 12 and the following Figures, the
fiber coupling device 1 comprises a plurality of, for instance,
four optoelectronic or photonic elements 50; 50a, 505, 50c,
50d, that is a plurality of four optoelectronic or photonic
chips 100a, 1005, 100¢, 1004 on the substrate 20. The chips
are enclosed and surrounded by the fiber coupling alignment
structure (FCAS) and thereby optically coupled or destined
to be coupled to four respective, corresponding optical fibers
30 (FIG. 1 or FIG. 10). Each one of the optoelectronic or
photonic elements 50i or chips 100; is associated with a
respective one of the four optical fibers 30i; with ‘i’ indi-
cating the respective number out of the plurality of elements,
chips or fibers; ‘i’ thus denoting either a, b, ¢ or d.

[0080] The fiber coupling alignment structure 5 or FCAS
comprises a plurality of four reflection surfaces 80 or 80i;
that is 80a, 805, 80c, 804 shown in FIG. 12 in top view, that
is from a vertical or normal direction relative to the plane of
the substrate surface 20a of the mounting substrate 20.
Furthermore, a plurality of four fiber support regions 70;
70a, 705, 70¢, 70d is provided at or near one lateral end of
the FCAS along the first lateral direction x. Each fiber
support region 70a, . . . , 70d is designed to receive a
respective one of the optical fibers 30a, . . ., 30d to be
mounted to the fiber coupling device 1. The fiber support
regions may comprise V-grooves or U-grooves, for instance,
as the corresponding fiber support surface 75 (see FIGS. 5
to 10) and may further comprise a coupling surface 7a
through which the light is passing when propagating
between the respective optoelectronic or photonic element
50; and the associated optical fiber 30i.

[0081] Generally, a fiber coupling device 1 such as that
depicted in FIG. 12 will have identical, that is uniform
positions and orientations of the constructional parts con-
stituting the fiber coupling device 1, at least along the
directions x and z. Along the second lateral direction y, the
position of the respective optoelectronic or photonic element
501, the position of the associated reflection surface 80i, the
position of the associated fiber support region 70i and,
finally, the position of the associated optical fiber 30i to be
coupled to the respective optoelectronic or photonic element
50i or chip 100i are expected to be aligned to one another,
and conventionally there will be a uniform pitch distance,
along the direction y, between identical constructional parts.
Furthermore, in a fiber coupling device 1 as depicted in FIG.
12, the first or uppermost fiber support region 70q, the first
optical fiber 30a and the first reflection surface 80a are
expected to have the same y-position as the first optoelec-
tronic or photonic element 50a or chip 100a.

[0082] In reality, however, due to the small dimensions in
sub-millimeter, i.e. micrometer range, despite the stringent
positional requirements involved in the need to obtain a high
percentage of light transmission between the optoelectronic
or photonic elements 50q, . . . , 504 and the optical fibers
30q, . . ., 30d, small misalignments of the optoelectronic or
photonic elements 50aq, . . ., 50d can occur. According to the
present application, these misalignments of the chips 100;
on the substrate 20 are compensated by compensational
offsets of the individual reflection surfaces 80: and/or fiber
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support regions 70i, thereby compensating deteriorations in
optical transmission performance otherwise occurring in
conventional fiber coupling devices as shown in FIG. 12. In
particular, according to the present application, uninten-
tional deviations of the actual positions and/or orientations
of the individual optoelectronic or photonic chips 100; from
standardized default positions are compensated by the indi-
vidual offsets of the reflection surfaces and/or fiber support
regions 80i; 70i. In comparison with a conventional design
shown of FIG. 12 in which all reflection surfaces and all
fiber support regions are located at one and the same position
(except for the pitch distance along the second lateral
direction y, of course) and orientation, a far better compen-
sation of misalignments and increase in optical coupling
efficiency is achieved by the exemplary embodiments of the
following embodiments of the present application and their
combinations.

[0083] By the way, FIG. 12 additionally shows control
chips 54 in which control circuits may be provided for
operating and electrically accessing the optoelectronic or
photonic elements 507, that is the optoelectronic or photonic
chips 10; 100/, which are connected to the control chips 54
by means of bond wires 55. Whereas in FIGS. 1 and 5t0 10
the control chips and bond wires have been omitted for
clearer illustration of the optical transmission path, also in
the embodiments they are nonetheless present and, prefer-
ably, enclosed and surrounded by the polymer material of
the FCAS structure 5, as shown in FIG. 12.

[0084] The control chips 54 comprising the control cir-
cuits may be mounted on the main surface 20a of the
mounting substrate 20, like the optoelectronic or photonic
chips 10; 100i. Alternatively, sub-circuits arranged in the
mounting substrate 20 and/or accessible at the main surface
20a of the substrate 20 may be used as the control circuits.
The bond wires 55 may thus connect the optoelectronic or
photonic chips 1007 (with i=a, b, ¢, d) with the main surface
20 of the support substrate or, alternatively, with the main
surfaces of the control chips 54 placed on the mounting
substrate. Furthermore, one single control chip and/or con-
trol circuit can be provided for all of the plural optoelec-
tronic or photonic chips 10; 100;.

[0085] FIG. 13 shows an enlarged, cross-sectional view of
an actual position of an individual optoelectronic or pho-
tonic chip 100a of the plural optoelectronic or photonic
chips 100; shown in FIG. 12. For the sake of clarity of
illustration, in FIG. 13 only the position of a single one of
these chips 100/ is shown. On the substrate surface, such as
the main surface 20a of the support substrate 20, support
structures 22 may be provided for supporting a rear side or
rear surface of the respective individual chip 100i. The
support structures 22 may, for instance, comprise solder
structures, such as solder balls, or bond structures, for
instance bond balls. Preferably, the support structure 22 only
serves to mechanically fix the respective optoelectronic or
photonic chip 100 to the substrate 20, whereas electrical
contact and access to the chip 100: is provided by the bond
wires 55 or other kinds of electrical connectors mounted to
the opposite surface, that is main surface 10a of the respec-
tive chip 1007; the main surface 10a facing away from the
substrate 20. In and/or on the main surface 10a, the opto-
electronic or photonic element 50i of the respective opto-
electronic or photonic chip 100; is located; its active area
thus being provided at the main surface 10a. Whereas in
FIGS. 12 and 13 and in the subsequent Figures the opto-
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electronic or photonic element 50i, that is the active area, is
depicted to be very small in order to graphically indicate its
precise center position very clearly, in practice the lateral
extension of the optoelectronic or photonic element 50; and
of its active area may be much larger and may cover up to
more than 80 percent of the main surface of the respective
chip 100:.

[0086] Conventionally, as mentioned above with reference
to FIG. 12, the fiber coupling alignment structure 5 or FCAS
is designed to have standardized, uniform positions (at least
along the directions x and z) and orientations of the reflec-
tion surfaces 8; 80 and of the fiber support regions 7, 70
which are based on the assumption that all of the optoelec-
tronic or photonic elements 50 will be mounted at their
predefined default positions or at least sufficiently close to
their predefined default positions. In FIG. 13, the predefined
default position is denoted with 90 and is shown as a dashed
line. This default position 90 only varies by the y-coordinate
for each of the chips 100/ such that, along the y-direction,
the center position of the corresponding chip 1007 is aligned
with the center position to the associated optical fiber 30i (or
its end portion to be coupled to the fiber coupling alignment
structure) and also aligned with the y-position of the asso-
ciated reflection surface 80/ and of the associated fiber
support region 70:i. Furthermore, conventional designs are
further based on the assumption that the orientation of the
individual chips 100; is uniform for all chips and is in
sufficient alignment with the normal direction z and the two
lateral directions x, y as predefined by the substrate surface
20a of the mounting substrate 20. Accordingly, in a con-
ventional design the reflection surfaces and/or the fiber
support regions are likewise arranged at standardized, uni-
form positions and orientations.

[0087] As illustrated in FIG. 13, however, the actual
position of an exemplary, individual optoelectronic or pho-
tonic chip 100i, for instance of the first chip 100aq, is likely
to comprise a positional misalignment, such as a vertical
misalignment ‘Maz’ (or generally ‘Miz’ for the respective
chip 100/ or simply ‘i’ rather than ‘a’), along the normal
direction z relative to the substrate surface 20a of the
substrate 10. Accordingly, the individual chip 100; may be
mounted at a slightly higher or lower position compared to
the default position. Furthermore, a lateral misalignment
‘Mix’, or ‘Max’ for the first chip 100q, along the first lateral
direction x may, for instance, exist compared to the pre-
defined default position 90. Furthermore, a second lateral
misalignment ‘Miy’ may exist relative to the predefined
default position 90. As a consequence, the optoelectronic or
photonic element 50; 507 on the respective chip 100i may be
misaligned with respect to its default position. Besides such
misalignments of the optoelectronic or photonic element 50i
or chip 100i, orientational misalignments may occur as well.
For instance, the normal direction n of the main surface 10a
of the chip 100/ and, in particular, of its active area or
optoelectronic/photonic element 507, may be slightly slanted
or misoriented relative to the correct normal direction or
vertical direction z as predefined of the main surface 20 of
support substrate 20. Accordingly, the actual position of the
respective individual chip 100/ may include misorientations
‘Mia’, ‘Mifp” and/or ‘Miy” around the main directions X, Y,
z or some of them; such as Maa, Maf} and/or May for the
first chip 100a.

[0088] However, in case of any misalignment of the actual
positions of the optoelectronic or photonic chips 10; 100;
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relative to their uniform default position 90 as shown in FI1G.
13, there is a risk of a deterioration in transmission perfor-
mance, in particular in the percentage of light actually
transmitted between one of or some of the chips 100; and
their associated optical fibers 30i. In order to minimize such
transmission losses, fiber coupling devices conventionally
are improved to some extent by placing the uniformly
shaped FCAS structure 5 in a comparatively optimum
position relative to the plurality of the (for instance four)
optoelectronic or photonic chips 100i, at which optimum
position of the FCAS the coupling efficiency is at least
acceptable for each of the four optoelectronic or photonic
chips 100i. Thus the conventional design only allows to
adjust the position of the fiber coupling alignment structure
5 with regard to the default or average position averaged
over the positions of all optoelectronic or photonic chips
100i. In such a conventional design, there is no way of
compensating the misalignments of individual optoelec-
tronic or photonic chips 100/ separately. As a consequence,
at least for some of the plural optoelectronic or photonic
chips 100; of the conventional fiber coupling device, a
certain rate of reduction in the achievable transmission
performance has to be tolerated, since with a plurality of
four or another number of misaligned chips 1007 at the same
time provided on the mounting substrate, there is no way
how the conventional, uniformly designed fiber coupling
alignment structures FCAS or 5 may prevent deteriorations
in the transmission performance for all of the chip-to-fiber-
systems at the same time to an optimum level.

[0089] However, individual corrections are rendered pos-
sible by the embodiments of the fiber coupling devices
shown in the present application. According to the embodi-
ments of the present application, individual compensations
are rendered feasible which allow to optimize the coupling
efficiency for each of the four chip-to-fiber-systems indi-
vidually.

[0090] FIG. 14 shows an exemplary embodiment of the
fiber coupling device 1 having a fiber coupling alignment
structure FCAS or 5 having positional offsets of the indi-
vidual reflection surfaces 8; 80 along the first lateral direc-
tion x parallel to the substrate surface of the mounting
substrate. FIG. 14 only shows that portion or region of the
fiber coupling alignment structure 5 in which the reflection
surfaces 80a, 805, 80c, 80d are located, they represent
partial surfaces of the top surface of the FCAS which face
away from the mounting substrate and which are either
planar or curved. The reflection surfaces 80a, 805, 80c, 804
may have edges around them by which they are confined,
and they usually have lateral dimensions larger than and
encircling those of the respective chip 100i underneath.
Beneath the reflection surfaces 80a, 805, 80¢, 804 or 80
(with i=a, b, ¢, d), the optoelectronic or photonic chips 1007
carrying the optoelectronic or photonic elements 50i are
shown in FIG. 14; they are arranged on the substrate surface
as already illustrated in FIGS. 1 and 5 to 10 as well as in
FIG. 12. In the conventional design of FIG. 12, the lateral
position of all associated reflection surfaces 80a, 805, 80c,
804 is identical; thus it is the same for all reflection surfaces
80a, 805, 80c, 804 and for instance corresponds, along the
direction x, to a default position POx (shown at the bottom
of FIG. 14 in dashed lines) which represents a uniform
x-position. Conventionally, the uniform reflection surface
position is maintained, regardless of how precisely and how
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closely the associated chips 100; are placed near their
default position 90 shown in FIG. 13.

[0091] In the embodiment shown in FIG. 14, the actual
position of the reflection surface 80i varies individually for
each individual reflection surface 80i, that is 80a, 805, 80¢
and 80d. Thereby, individual misalignments of the respec-
tive optoelectronic or photonic chips 100i are compensated
for. In particular, in order to compensate for misalignments
such as those indicated in FIG. 13, compensational offsets,
such as positional offsets of the reflective surfaces 80i, may
be provided. At least some of the offsets discussed herein
below may even be realized when using conventional tech-
niques, such as stamping or overmolding. Beyond that, in
case of applying 3D lithography such as laser scanning or
holography, for instance, a still wider variety of individually
calculated compensational offsets such as those explained
with reference to FIGS. 14 to 20 are rendered feasible. To
this end, the three-dimensional shape of the region or portion
of polymerizable material to be converted into the polymer
material is calculated and designed such that the respective
reflection surfaces and/or fiber support regions associated
with the individual optoelectronic and/or photonic elements
will be arranged at their individually calculated offset posi-
tion and/or offset orientation and/or with their predefined
offset in shape, which may be a parameter-related offset of
a parameter defining the shape of the reflection surface (see
further below). Such kinds of offsets described now with
reference to FIGS. 14 to 20 may also be combined with one
another.

[0092] In the example of FIG. 14, individual compensa-
tional positional offsets CPix (with i=a, b, ¢, d) are proposed
for the respective reflection surfaces 80i associated with the
corresponding optoelectronic and/or photonic chip 1007
underneath. As apparent from FIG. 14, the first reflection
surface 80q is shifted, along positive direction x, by a
positional offset CP1x relative to the default x-position POx.
For the second reflection surface 805, there is a negative
offset CP2x along negative x-direction. Likewise, the third
reflection surface 80c is positionally offset by a smaller
amount along negative x-direction (CP3x), whereas the
fourth reflection surface 804 is offset along positive x-di-
rection by an offset CP4x larger than that of the first
reflection surface 80a. These offsets are realized by design-
ing the shape the fiber coupling alignment structure FCAS or
5 such that each reflection surface 80i is positioned at its
individually shifted offset position, thereby compensating or
at least helping compensate the misalignments of the chips
100, such as those explained above with reference to FIG.
13. By the way, in FIGS. 14 to 20, the positional, rotational
and parameter-related offsets are shown in exaggerated size
for clearer illustration in the drawings.

[0093] FIG. 15 shows another embodiment which may be
realized separately or in combination with further embodi-
ments, for instance those of FIG. 14 and/or any of FIGS. 16
to 20. According to FIG. 15, vertical compensational offsets
CPiz along the normal direction n (FIG. 5) or z of the
substrate surface 20a are realized for the reflection surfaces
80i. As an example, the compensational positional offsets
CP1z and CP4z of the first and fourth reflection surface 80a
and 804 may be negative, that is along negative z-direction
towards the substrate surface 20a, whereas, in this example,
the vertical offsets CP2z and CP3z of the second and third
reflection surface 805, 80c may be positive. As in FIG. 14,
the positional offsets in FIG. 15 may be chosen individually.
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Thus, the amount and the direction (positive or negative
z-direction) may be chosen individually for each of the
reflection surfaces 80a through 80d. The individual vertical
offsets CPiz likewise compensate or help compensate the

misalignments of the chips 100i or 100a, . . . , 1004
underneath.
[0094] Alternatively or in combination with FIGS. 14

and/or 15, also along the second lateral direction y, corre-
sponding positional offsets CPiy, that is CP1y, CP2y, CP3y
and CP4y, may be realized relative to respective reference
positions Ply, P2y, P3y and P4y defined by the default
position of the respective chip 100i (not illustrated). Accord-
ingly, the pitch distance and/or width of the reflection
surface 80/ along y-direction need no longer be chosen
uniformly.

[0095] The positional offsets Cpix, CPiy and/or CPiz may,
for instance, be calculated and realized individually for each
reflection surface 80a, 805, 80c, 80d of the FCAS in order
to compensate for different lengths or distances of the optical
fiber end portions 31 to be coupled to the chips 100i. For
instance, in case that an individual optical fiber 30; is
comparatively short, the position of the associated reflection
surface 100/ may be lowered along negative z-direction by
a compensational offset CPiz, such as CP4z as shown in FIG.
15. Likewise or in addition, compensational lateral offsets
CPiz along positive x-direction as shown in FIG. 14 may be
realized for the respective reflection surface 80i. Of course,
both offsets along the directions x and z may be combined.
Further offsets may be applied for compensating positional
and/or orientational offsets of the corresponding chips 1007
underneath.

[0096] FIG. 16 shows an embodiment in which orienta-
tional, that is rotational offsets or tilts, are realized for the
corresponding reflection surface 80i; 80a, . . . , 804, for
instance a rotational offset or tilt angle around the second
lateral direction y by a respective tilt angle or rotation angle
(3. Such tilt angle may, for instance, represent tilt angles of
individual reflection mirrors, that is reflection surfaces 80,
around their center point or another reference point, espe-
cially around a center point having the same xy-position as
the default xy-position originally defined for the correspond-
ing optoelectronic and/or photonic element 50; underneath.
In the example of FIG. 16, the first and fourth reflection
surface 80a, 804 are compensationally rotated, by respective
angles P, in counter-clockwise direction compared to a
default orientation DO, around the y-direction (that is by the
compensational orientational offsets ‘CO1f’ and ‘CO4p’),
whereas the rotational offsets ‘CO2p” and ‘CO3p” for the
second and third reflection surface 8054, 80¢ are in clockwise
direction in the example of FIG. 16.

[0097] Likewise, although not shown in FIG. 16, compen-
sational orientational offsets, that is reflection surface rota-
tions COia; COaq, . . . COda (not shown) around the
x-direction and/or orientational offsets COiy; COly, . . .
COdy (not shown) around the z-direction may be realized for
the reflection surfaces 80i; 80q, . . ., 80d or some of them.
Again, these or some of these orientational reflection surface
offsets may be combined with the positional offsets
addressed with reference to FIGS. 14 and/or 15.

[0098] FIG. 17 shows a further example in which indi-
vidual compensational offsets of the fiber coupling regions
70i; 70a, . . ., 70d (FIG. 12) rather than offsets of the
reflection surfaces 80i are realized. In the example of FIG.
17, positional offsets CP1', in particular along the directions

Dec. 8, 2016

x and z, that is CPix' and/or CPiz' of the respective fiber
coupling region 70i are shown. Accordingly, the positions of
the individual optical fiber end portions, when finally
coupled to the fiber coupling device 1, may be different in
the xz-plane and may differ from one another and/or from a
default position as conventionally adopted for all four fiber
coupling portions. In FIG. 17, for instance, lateral positional
offsets CPix' along x-direction and/or CPiz' along z-direc-
tion (and, of course, CPiy along y-direction, but not shown)
may be realized, thus arriving at individually shifted posi-
tions of the corresponding positions of the respective cou-
pling surfaces 7a and/or fiber support surfaces 76 of the
respective one of the plural fiber support regions 70i or 70a,
..., 70d. Likewise, orientational offsets of the individual
fiber support regions 70/ may be realized in addition or
alternatively. For instance, an individual fiber support sur-
face 70i, that is the U-groove or V-groove for the respective
optical fiber 30/, may have a rotational offset COif' by a tilt
angle p' around the y-direction. Although not shown for all
three rotational axes, corresponding rotational offsets COiat',
COif', COiy' around any axis may be realized. Of course,
like in FIG. 16 the rotational angles may be chosen to be
individual for each one of the reflection surfaces 80i and/or
of the fiber support regions 70i.

[0099] Also for the fiber support regions 70i or 70a, . . .,
70d, positional and orientational offsets of the fiber support
regions may be combined with one another. Further, they
may be combined with positional and/or orientational offsets
of the reflection surfaces 80i, such as those described with
reference to FIGS. 14 to 16. Any combination of these
offsets may be chosen. For instance, vertical offsets CPiz of
the reflection surfaces 80; and vertical and/or lateral posi-
tional offsets CPiz', CPix' of the fiber support regions 70i
may be combined. As a further example, orientational offsets
COif of the reflection surfaces 80i and positional and/or
orientational offsets COif' (around y-direction), CPiz', CPix'
of the fiber coupling regions 70/ may be combined.

[0100] By the way, although not explicitly mentioned, of
course one fiber coupling alignment structure 5 or FCAS
may suffice for enclosing all of the plural optoelectronic or
photonic chips 100/ on the mounting substrate 20. Alterna-
tively, plural or separate FCAS structures 5 might be formed,
each enclosing one or some of these chips. However, pref-
erably all, especially all four chips are enclosed and coupled
by one and the same FCAS structure, as illustrated through-
out the application.

[0101] Whereas FIGS. 14 to 17 illustrate positional and
rotational offsets of the reflection surfaces and/or fiber
support regions, there are further compensational offsets
perceivable at least for the reflection surfaces. In particular,
parametrical offsets concerning parameter values defining
the shape and/or contour of the individual reflection surfaces
may be defined and offset, thus altering the shape of the
respective reflection surface 80i compared to a uniform
default shape or another kind of reference shape. Such
parameter-related offsets or distortions as described below
may further be combined with the positional and/or rota-
tional offsets discussed above. By such parametrical offsets
varying the shape of the individual reflection surfaces, the
reflection surface may, for instance, be shaped wider, nar-
rower or otherwise distorted compared to a default or
reference shape of the reflection surfaces. For instance, the
values of parameters, such as polynomial coefficients defin-
ing the reflection surface’s shape, may be offset, that is
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altered compared to an initial default value, thereby arriving
at individually adjusted reflection surface shapes of each
respective individual reflection surface 80:.

[0102] The reflection surfaces may, for instance, be shaped
according to polynomial equations mathematically defining
the precise shape or contour of each individual reflection
surface. The compensational offsets for compensating the
chip misalignments may, for instance, be distortions of each
respective reflection surface. Such distortions may be dis-
tortions which are defined by parameter values occurring in
the polynomial equation of the respective reflection surface
or by offsets of these or one or some of these parameter
values. For instance, a shift of a particular polynomial
coeflicient or parameter may alter the respective polynomial
reflection surface 80i to be narrower or wider along the
particular direction, to have a larger or smaller radius of
curvature along a particular direction or in a particular
sectional line, to be tilted or otherwise distorted in a par-
ticular direction or within a particular sectional plane. Fur-
thermore, there may be parameters whose values are chosen
or offset such that a certain degree of astigmatism, conic
distortion (in particular biconic distortion along two direc-
tions) or other kinds of distortions or warpings are imparted
to the respective reflection surface 80i.

[0103] As an example of such polynomial surfaces repre-
senting the individually adjusted reflection surfaces 80i, for
instance, Zernike surfaces and in particular biconic Zernike
surfaces may be used.

[0104] FIGS. 18 to 20 illustrate some exemplary embodi-
ments in which polynomial surfaces, for instance Zernike
lens surfaces are used as reflection surfaces 80i of the fiber
coupling device. FIG. 18 shows a sectional side view in
which the shape of a biconic Zernike reflection surface 80i
is indicated by a grid structure indicating, in addition to the
curvature within the xz-plane, the shape along the second
lateral direction y, that is perpendicular to the drawing plane.
For illustration of the biconic surface profile, the area of the
grid pattern representing the biconic Zernike surface is
depicted larger than actually used for the reflection surface
of the fiber coupling alignment structure 5; the partial area
actually used for the reflection surface is denoted with 80i;
in the drawing this line is shifted, only for the purpose of
illustration, to the left for clearer distinction from the overly
dimensioned, explanatory grid pattern.

[0105] InFIG. 18, the optical fiber 30 or its end portion 31
is, for instance, mounted at a vertical distance of 620 um
above a substrate surface 20qa, that is above the bottom
surface of the FCAS structure 5. The vertical position of the
optoelectronic or photonic element 50; of the chip 100; is
150 um above the substrate surface, for instance. The shape
of the reflection surface, as defined by the polynomial
constants or coeflicients, may be different along at least two
sectional planes or directions along the respective Zernike
surface 80i. As apparent from the side view shown in FIG.
18, the reflection surface 80i may tilted and/or shifted by any
shift vector and/or or set of tilt angles. Furthermore, each
reflection surface may individually be distorted or warped,
that is parametrically offset.

[0106] From the exemplary embodiment of FIG. 18 show-
ing a Zernike surface 80i as one of the reflection surfaces, it
appears that there is a conic component rather than a
constant radius in the sectional xz-plane, thus distorting the
polynomial reflection surface compared to conventional,
spherical surfaces. Generally any kind of aspherical reflec-
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tion surfaces other than Zernike surfaces may likewise be
adopted for shaping the reflection surfaces 80:.

[0107] As regards shift and/or tilt offsets, FIG. 18 shows
a tilt of the reflection surface around its center point as well
as a shift relative to the center point of the Zernike reflection
surface relative to the center region of the beam of light 29
emitted from the chip 100/ and reflected to the end portion
31 of the optical fiber 30. Along the directions x and y (or
two different, tilted reference directions), two different radii
of curvature and conic constants exist, especially in the
center point, but also at the point of the reflection surface
where the center line of the beam of light is reflected.
Furthermore, a plurality of, for instance, six Zernike param-
eters or Zernike polynomial coeflicients may be defined
individually for each of the reflection surfaces 80a through
80d; at least these plural Zernike parameters are non-zero.

[0108] FIG. 19 shows a perspective view of the FCAS
structure 5 of FIG. 18, seen from an inclined direction within
the xy-plane. In FIG. 19, the shape of the reflection surface
80/ in the three-dimensional space, in particular in the
direction perpendicular to the xz-plane of FIG. 18, is
depicted more clearly. Furthermore, a tilted coordinate sys-
tem is shown whose coordinate directions X', y', z' are
parallel to the main directions of the tilted and/or shifted
reflection surface. Inter alia, in the tilted orientation, the
entire Zernike surface is facing positive x-direction, but
negative z-direction. A section of the surface area of this
Zernike surface is used as the partial surface representing a
respective reflection surface 80i at the upper side of the
FCAS structure 5, as illustrated in FIG. 18. The embodiment
of FIGS. 18 and 19 has been optimized for light-emitting
optoelectronic or photonic elements 100:, particularly for
VSCELs.

[0109] Generally, after having measured the misalign-
ments of the individual chips, the optimization process may
start with a reflection surface of initially uniform, non-
distorted shape for all chips 100i. In a first optimization step,
one or a plurality of surface parameters, such as polynomial
constants, may be offset, that is altered, thereby obtaining a
first variation of the reflection surface associated with the
respective chip 100i. The coupling efficiency, that is the ratio
or percentage of light transmitted due to the respective
variation of the reflection surface’s shape, may then be
calculated for each reflection surface, and may be compared
with the coupling efficiency achievable due to the initial,
uniformly pre-selected shape. Thereafter, a second variation
of' the reflection surface’s shape based on different numerical
values or offsets of the same and/or further parameters
(particularly surface parameters such as the polynomial
coeflicients) may be defined, thereby obtaining the second
variation of the individual shape of the respective reflection
surface 80i. The coupling efficiency obtainable by this
second variation of the reflection surface is then calculated.
The values of the parameters or coefficients and/or their
offsets from their initially predefined numerical values may
be refined and tailored until the maximum achievable
amount of coupling efficiency is reached in the calculation
for each reflection mirror. Since the chip misalignments are
different for each chip, also the set of parameters or coef-
ficients defining the optimum shape of the respective reflec-
tion surface will be different for each one of the reflection
surfaces 80i. However, each reflection surface whose shape
is defined thereby will ideally compensate the particular
misalignments of the associated chip 100; underneath. For
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instance, in case of VSDN fibers (Very Short Distance
Network fibers) with a cladding diameter of 100 um and a
core diameter of 80 um, a coupling efficiency of up to about
99.77% for each chip 100i is achievable. The number of
iteratively performed variations, that is calculations for
optimizing the shape of the reflection mirror 80i, may be
chosen depending on the degree of coupling efficiency
percentage already achieved, for instance due to a minimum
value of coupling efficiency required. By the way, the
iterational calculation of the optimum reflection surface
shape may be performed for each reflection surface sepa-
rately. In the same way, positional and/or rotational offsets,
that is shifts and/or tilts, may likewise be optimized by
repeatedly and iteratively predefining positional and/or rota-
tional offset values and/or corresponding variations of the
offset surfaces of the reflection surfaces and/or fiber cou-
pling regions, based on which the coupling efficiency is
calculated and compared. Furthermore, in each iterative
step, combined positional, rotational and/or distortional off-
sets may be predefined and/or optimized.

[0110] Whereas FIGS. 18 and 19 show an exemplary
embodiment in which the shape of the reflection surfaces has
been optimized for a plurality of light-emitting optoelec-
tronic elements, FIG. 20 shows another embodiment in
which the optoelectronic elements of the chips 100/ are
photo diodes. The light of the light beam 29 exits the end
portion 31 of the optical fiber 30, is reflected by the
parametrically optimized reflection surface 80 and is then
received by the respective optoelectronic element 50/ or
photo diode of the respective chip 100i. Again, the reflection
surfaces 80/ may be chosen to be Zernike lens surfaces or
other kinds of polynomial or aspheric surfaces, for instance.
The polynomial coefficients or further parameters (such as
shifts or tilts) of the reflection surfaces 80i are varied,
iteratively optimized and finally selected such that the
maximum achievable percentage of the respective light
beam reception by the respective photo diode is obtained. By
individually adjusting the coefficients defining the position,
orientation, distortion and overall shape of the respective
reflection surface 807, the misalignment of each chip 1007 is
compensated. In case that Zernike surfaces are used for the
reflection surfaces, such as those of FIGS. 18 to 20, as
exemplary distortions in particular defocus, astigmatism,
conic or biconic curvature, and/or coma may be realized.

[0111] A very precise fabrication of a FCAS structure 5
comprising the individually adjusted reflection surfaces 80i
and/or fiber support regions 70i, as described hereinabove
with reference to FIGS. 1 to 20, can be obtained by moni-
toring the polymerization process on the real-time basis,
especially when 3D lithography methods are applied, such
as 3D laser scanning or dynamic holographic lithography.
Both methods are contactless and maskless and allow direct
control of the progress of the polymerization process for
shaping the FCAS structure 5. Especially when 3D laser
scanning is applied, in-situ monitoring of the progressively
polymerized FCAS structure 5 is possible, in the process of
which any deviation of the actually converted, that is polym-
erized polymer region might be about to deviate, in particu-
lar to expand beyond the optimum final, outer shape result-
ing from the calculation based on the compensational,
individual offsets. As soon as any deviation, that is undesired
shift from the correct FCAS shape is observed via the vision
system, the further track of the laser focal region and/or its
reference position relative to a predefined reference point, to
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the element 50i or to any other component of the device or
of the lithigraphy tool may be corrected instantly. Thus any
evolving deviation of the shape compared to the formerly
calculated final, outer surface shapes of the reflection sur-
faces and/or fiber support regions may be detected with
almost no time lag, thus enabling immediate correction of
the current position of the laser beam, especially of its focal
region.

[0112] For clarity, it is to be noted that, on the one hand,
there are individual offsets previously discussed with refer-
ence to FIGS. 1 to 20 and particularly FIGS. 12 to 20; these
offsets are intentionally realized for the purpose of compen-
sating measured misalignments of the individual optoelec-
tronic or photonic chips relative to the support substrate. The
positional, rotational and/or parameter-related offsets of the
reflection surfaces and/or fiber support regions are thus
intentionally defined, desired offsets; with each reflection
surface or fiber coupling region being supposed to be
positioned according to its individually calculated offset or
set of offsets. On the other hand, in contrast to the above
desired and purposefully provided offsets, there may be
unintentional, undesired misadjustments, such as the mea-
sured chip misalignments themselves, but also fabrication
tolerances of the fabrication process, such as misadjustments
of the lithography tool. The visual system described below
with reference to FIG. 21 may be used to detect, measure
and thereby in-situ compensate or even eliminate these
undesired misalignments and/or misadjustments. For
instance, there may be misalignments of the individual chips
100; with reference to the support surface 20a of the support
substrate. Furthermore, there may be misadjustments of the
manufacturing tool used for triggering polymerization, such
as a 3D laser scanning system as addressed with reference to
FIG. 3 or 11. Measuring and compensating adverse mis-
alignments will help to precisely fabricate the calculated
shape of the FCAS structure 5, including its intentionally
offsets of the upper partial surfaces, especially the reflection
surfaces 807 and/or fiber support regions 70i associated with
the respective optoelectronic or photonic chip 1007 enclosed
by the polymerized material.

[0113] FIG. 21 shows an exemplary embodiment of a
visual system 36 for enabling precise carving or shaping of
the reflection surfaces and/or fiber support regions, for
instance, especially when a 3D lithography technique such
as 3D laser scanning is applied. The visual system 36 may
comprise, in addition to the camera 35 of FIG. 11, a visual
system control unit 46 and a display 45 for displaying a
real-time image of the substrate surface and/or the polym-
erizable and/or polymerized material covering it. In the
example of FIG. 21, the display 45 shows, in an upper
portion thereof, the real-time image 44 allowing in-situ
monitoring of the polymerizable material on the substrate
surface and, of course, observing the optoelectronic or
photonic chips 100/ arranged on it. For instance, a part of the
substrate surface may be monitored in which one of the
plural chips 100; is mounted. The substrate surface 20a
and/or the chip’s top surface may comprise reference struc-
tures 52 for adjusting the visual system 36 and/or the laser
beam 40 (FIG. 11), especially in the two lateral directions;
The reference structures 52 may define a reference point in
one or two directions. In the upper window 44 of the display
45, a real-time image of the chip 100; and/or of its opto-
electronic or photonic element 50; is displayed for monitor-
ing the FCAS shaping process in-situ. The displayed real-
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time image 44 may be overlapped by a laser focal point
marker 54 also visible within the window 44, thereby
marking the current lateral and/or vertical location of the
focal region of the laser beam in which, due to two-photon-
polymerization, polymerization will take place or already is
about to take place selectively. The laser focal point marker
54 may be moved automatically in the display window 44 in
correspondence with the course or track of the laser beam
over time.

[0114] In a lower portion or window of the display 45, a
reference image 49 may be shown, such as a computer
image or graphical image allowing detection, measurement
and/or compensation of alignments or misalignments of the
chip relative to the substrate, of the laser relative to the chip,
the substrate or to any other reference point on the substrate
or within the upper window or another, second window or
partial display.

[0115] For instance, a micrometer scale or another posi-
tion scale may be displayed as a reference image 49 in
another window such as the lower partial image of the
display 45. In addition, a default position marker 48 may be
displayed for identifying a default position of the laser beam,
or of the optoelectronic or photonic element or of any other
part of the monitored fiber coupling device 1, along at least
one direction X, preferably along two lateral directions
and/or along the vertical direction perpendicular to the
substrate surface 20a. The real-time image 44 and the
reference image 49 preferably are displayed simultaneously
in the display 45 ahead of and/or during the process of laser
scanning. By the way, both images 44, 49 may be displayed
in an overlapping view in a single window or window area.
Furthermore, as mentioned above, the real-time image 44
may be overlapped by movable markers, such as the laser
focal point marker 54 or the actual position marker 47. The
actual position marker 47 may, for instance, be moved at
least in two lateral positions and may, for instance, be
aligned with the center of the optoelectronic or photonic
element 50i on the chip 100i. The position marker 47 may,
for instance, be manually aligned so as to hit the position of
the element 50/ in the real-time image 44. The visual system
control unit 46 will then automatically align this actual
position with the default position identified by the default
position marker 48 in the reference image 49. Alternatively,
the control unit might calculate the distance, shift or align-
ment vector between the position of the element 50i (or any
other reference position or reference element displayed in
the real-time image 44, such as the reference structures 52,
for instance) and the default position identified by the
default position marker 48. The alignment vector is taken
into account when calculating and/or guiding the laser beam
across the volume of polymerizable material, thereby ensur-
ing that any undesired misadjustments inherent to the laser
scanning system and/or other deviations or misalignments of
the calculated positions or the intentional offsets of the
individual surface regions (especially the individual reflec-
tion surfaces 80i and fiber support regions 70i) are compen-
sated, thereby shaping the partial volume of solidified poly-
mer material in the surrounding liquid polymerizable
material precisely according to the desired shape. Apart from
the exemplary embodiments discussed above, there may be
several further embodiments of a visual system for moni-
toring the growth of the FCAS structure 5.

[0116] Especially 3D lithography techniques will profit
from in-situ monitoring of the substrate surface. Thereby,
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the comparatively small offsets of the reflection surfaces
and/or fiber coupling regions may be designed in precise
conformity with the results of the calculation executed based
on the measured misalignments of the chips. The calculation
for determining the designed positional, rotational and/or
coeflicient-related offsets of the partial surfaces of the FCAS
structure 5 may be executed prior to and/or during the
process of laser scanning.

[0117] The application of the visual system for shaping
individual offsets of the reflection surfaces and/or fiber
coupling regions, however, can not only be exploited in case
of adopting 3D laser scanning or generally 3D lithography
techniques. Beyond that, even conventional polymerization
techniques such as stamping or molding, especially over-
molding, may benefit from visual monitoring. For instance,
instead of 3D lithography, a stamping or overmolding pro-
cess may be used in which a mold or die defining the shape
of a partial surface is positioned above the substrate. For
instance, a plurality of for instance four reflection surface
dies or moulds may be positioned at individually offset
positions with respect to uniform positions (for instance, at
identical x- and z coordinates and with a constant pitch
distance along the y-coordinate) predefined above all the
four chips 100i. Although each die will have the same shape
which cannot be varied by distortional offsets, nonetheless at
least the positional offsets, that is shifts along arbitrary
directions, as well as rotational offsets, such as tilts around
any direction, may be realized by repositioning the respec-
tive dies, especially those for the reflection surfaces for the
respective chip 100;. With a multi-die stamp or mould
having the individually movable and thus individually offset
dies, a tailored FCAS structure 5 may be formed by pressing
this stamp on top of a polymerizable material prior to and/or
during polymerization. When the stamp is in its final posi-
tion, polymerization may, for instance, be triggered by
UV-radiation, thereby turning the polymerizable material
into the polymer material, thus hardening and shaping the
FCAS structure 5 having individually offset reflection sur-
faces and/or fiber support regions. By applying overmold-
ing, the FCAS structure 5 is thus formed between the stamp
or die and the support substrate. Accordingly, even conven-
tional techniques of shaping the FCAS structure 5 may be
applied for realizing individual compensational offsets.

[0118] By measuring chip misalignments and calculating
individual offsets for compensating such misalignments, any
FCAS structure 5 may be improved, thus arriving at fiber
coupling devices 1 with increased coupling efficiency. In
particular, any method of independent claims 1 and 24 or of
the dependent claims may be applied for manufacturing
improved fiber coupling devices.

[0119] By means of the methods described in the instant
application, a fiber coupling device is provided which com-
prises a substrate, the substrate having a substrate surface
and at least one optoelectronic and/or photonic element, and
which device further comprises at least one fiber coupling
alignment structure that is arranged on the substrate surface
of the substrate and that is optically transmissive. The at
least one fiber coupling alignment structure is made of a
polymer material and comprises a support interface surface
at which the polymer material is in direct contact with the
substrate surface of the substrate; a fiber support region
supporting or being adapted to support at least one optical
fiber in an aligned position for optical coupling to the
substrate; and/or a reflection surface for reflecting light
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propagating between an optical fiber and the substrate. The
substrate and the fiber coupling alignment structure of the
fiber coupling device form an integral part which is free of
adhesive or any other material between the polymer material
of the fiber coupling alignment structure and the substrate
surface of the substrate. The substrate is an optoelectronic or
photonic chip that comprises at least one optoelectronic or
photonic element. The substrate may also comprise a mount-
ing substrate and at least one optoelectronic or photonic chip
arranged on the mounting substrate, wherein the at least one
optoelectronic or photonic chip comprises the at least one
optoelectronic or photonic element. The polymer material of
the fiber coupling alignment structure may conform to and
directly adjoin, without any gap or layer in between, a main
surface of the chip, at least two sidewalls of the chip and at
least a portion of a main surface of the mounting substrate.
For instance, the polymer material of the fiber coupling
alignment structure may conform to at least one portion of
a main surface of the mounting substrate and may bridge
over the at least one chip without contacting the chip. The
fiber coupling device may further comprise at least one
optical fiber which is supported, with its axial direction
inclined by more than 45° relative to a normal direction of
the main surface of the substrate, by the fiber support region.
In particular, a fiber coupling device of any one of claims 31
to 33 may comprise any combination of features discussed
herein above.

What is claimed is:

1. A method of forming a fiber coupling device,

the fiber coupling device comprises a substrate compris-
ing a substrate surface and at least one opto-electronic
and/or photonic element and further comprises at least
one fiber coupling alignment structure that is optically
transmissive,

wherein the method at least comprises:

a) applying a polymerizable material to the substrate
surface of the substrate,

b) selectively polymerizing, using a method of 3D lithog-
raphy, a region of the polymerizable material so as to
convert the region of the polymerizable material into a
polymer material, thereby forming at least one fiber
coupling alignment structure that is arranged on the
substrate surface of the substrate, comprising:

a support interface surface at which the polymer material
is in direct contact with the substrate surface of the
substrate,

a fiber support region adapted to support at least one
optical fiber in an aligned position for optical coupling
to the substrate, and

a reflection surface for reflecting light propagating
between an optical fiber and the substrate, and

¢) cleaning the substrate and the polymer material from
remaining non-polymerized polymerizable material,
thereby exposing the at least one fiber coupling align-
ment structure of the fiber coupling device.

2. The method of claim 1, wherein the step b) of selec-
tively polymerizing and thereby converting the region of the
polymerizable material into the polymer material is executed
by performing 3D laser scanning.

3. The method of claim 2, wherein performing 3D laser
scanning includes focussing and/or otherwise controlling a
laser beam such that two-photon-polymerisation occurs in a
focal region the laser beam exclusively, thereby restricting
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an area where polymerization can occur to the position
and/or extension of the focal region of the focussed laser
beam.

4. The method of claim 2, wherein performing 3D laser
scanning comprises:

moving the substrate in two lateral directions (X, y)
transverse to a direction of a laser beam; and

moving a focal region of the laser beam, along a third
direction (z) normal to the substrate surface of the
substrate, by varying the focal distance of the laser
beam.

5. The method of claim 2, wherein performing 3D laser

scanning comprises:

measuring a real-time position of the optoelectronic and/
or photonic element relative to a focal region of a laser
beam, to a partially fabricated polymer structure or to
a predefined reference position for starting polymer-
ization on the substrate, and

wherein any offset of the measured real-time position
from a predefined default position of the optoelectronic
and/or photonic element is compensated by shifting,
before and/or during selective polymerizing, the posi-
tion of the laser beam, of its focal region and/or of the
substrate.

6. The method of claim 1, wherein the step b) of selec-
tively polymerizing and thereby converting the region of the
polymerizable material into the polymer material is executed
by performing 3D holographic lithography, particularly by
performing 3D dynamic maskless holographic lithography.

7. The method of claim 1, wherein the at least one
optoelectronic or photonic element is designed for emitting
and/or receiving light to and/from a propagation direction
inclined by less than 45° relative to a normal direction (n) of
a main surface of the substrate; and

wherein the fiber coupling alignment structure is shaped
such that the fiber support region is adapted to support
at least one optical fiber with its axial direction (a)
inclined by more than 45° relative to the normal
direction (n) of the main surface of the substrate.

8. The method of claim 1, wherein the method further

comprises:

d) mounting at least one optical fiber to the fiber support
region of the at least one fiber coupling alignment
structure after having performed steps a) through c).

9. A fiber coupling device, comprising:

a substrate comprising a substrate surface and at least one
optoelectronic and/or photonic element and

at least one fiber coupling alignment structure that is
arranged on the substrate surface of the substrate and
that is optically transmissive,

wherein the at least one fiber coupling alignment structure
is made of a polymer material and comprises:

a support interface surface at which the polymer material
is in direct contact with the substrate surface of the
substrate,

a fiber support region supporting or adapted to support at
least one optical fiber in an aligned position for optical
coupling to the substrate, and

a reflection surface for reflecting light propagating
between an optical fiber and the substrate.

10. The fiber coupling device of claim 9, wherein the

substrate and the fiber coupling alignment structure of the
fiber coupling device form an integral part free of adhesive
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or any other material between the polymer material of the
fiber coupling alignment structure and the substrate surface
of the substrate.

11. The fiber coupling device of claim 9, wherein the
substrate is an optoelectronic or photonic chip that com-
prises at least one optoelectronic or photonic element.

12. The fiber coupling device of claim 9, wherein the
substrate comprises a mounting substrate and at least one
optoelectronic or photonic chip arranged on the mounting
substrate, wherein the at least one opto-electronic or pho-
tonic chip comprises the at least one optoelectronic or
photonic element.

13. The fiber coupling device of claim 12, wherein the
polymer material of the fiber coupling alignment structure
conforms to and directly adjoins, without any gap or layer in
between, a main surface of the chip, at least two sidewalls
of the chip and at least a portion of a main surface of the
mounting substrate.

14. The fiber coupling device of claim 12, wherein the
polymer material of the fiber coupling alignment structure
conforms to at least one portion of a main surface of the
mounting substrate and bridges over the at least one chip
without contacting the chip.

15. The fiber coupling device of claim 9, further com-
prising at least one optical fiber which is supported, with its
axial direction (a) inclined by more than 45° relative to a
normal direction (n) of the main surface of the substrate, by
the fiber support region.
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