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(57) Abstract: A method to manufacture an optoelectronic as-
sembly comprises a step of structuring a first water to provide
a plurality of optical components to change a beam of light in
the optoelectronic assembly with a respective alignment struc-
ture being formed to couple the respective optical component
to an optical connector. A second wafer is provided with a
plurality of optoelectronic components. The first and second
wafer are stacked on top of each other, aligned and bonded to-
gether. The bonded first and second wafers are separated into
a plurality of optoelectronic modules. The optical connector is
manufactured by structuring a third wafer so that the third
wafer is provided with a plurality of optical connectors. The
third wafer is separated into a plurality of the optical connect -
ors. The optical fiber is coupled to one of the optical connect-
ors and then is coupled to one of the separated optoelectronic
modules.
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A METHOD TO MANUFACTURE AN OPTOELECTRONIC ASSEMBLY

RELATED APPLICATIONS

[0001] This application claims the benefit of European Patent Application Serial No.
13153524.7, filed on January 31, 2013, the content of which is relied upon and

incorporated herein by reference in its entirety.

BACKGROUND

Field of the Disclosure

[0002]  The disclosure relates to a method to manufacture an optoelectronic assembly
comprising an optical connector to couple at least one optical fiber to the optoelectronic
assembly, an optical component to change a beam of light in the optoelectronic assembly and
an optoelectronic component to convert the light into an electric signal or to convert the
electric signal into the light. The disclosure is further directed to the optical connector and the

optoelectronic assembly.
Technical Background

[0003] An optoelectronic assembly usually comprises an optoelectronic device, such as a
photodiode or a Vertical Cavity Surface-Emitting Laser (VCSEL), to change an optical
signal/light into an electric signal and vice versa. The light may be transferred in an optical
fiber or an array of optical fibers, such as an optical fiber ribbon. In order to couple the light
between the at least one optical fiber and the optoelectronic device with low loss, the at least

one optical fiber and the optoelectronic device have to be properly aligned to each other.

[0004] According to another embodiment of an optoelectronic assembly, an optical
component may be arranged between the optoelectronic device and the optical fiber/optical
fiber array. The optical component may be configured to direct a beam of light coupled out of
the optical fiber to an active area of the optoelectronic device. In order to change the beam of
the light so that the light is coupled between the optical fiber/optical fiber array and the
optoelectronic device with low loss, it is necessary to properly align the optical fiber, the

optical component and the optoelectronic device to each other.
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[0005] Several methods and configurations exist to couple an optical fiber to an
optoelectronic device. Commonly known methods of coupling an optical fiber to an
optoelectronic module involve active alignment of the optical fiber and the optoelectronic
device. In order to accomplish an active alignment, alignment marks may be provided on a
substrate of the module. Firstly the optoelectronic device is placed on the substrate in relation
to the alignment marks. In a second step, the optical fiber is aligned in relation to the
alignment marks so that light can be coupled between the end of the optical fiber and the
optoelectronic device with low loss. The alignment procedure may be controlled by a camera

system.

[0006] In case of coupling a plurality of single optical fibers or a plurality of optical fiber
arrays to a plurality of optoelectronic devices it is required that the active alignment is done
separately for every single pair of an optoelectronic device, the corresponding optical fiber/
fiber array and an optical component or for linear arrays of such components. The alignment
of the optical fibers/optical fiber arrays, the optical components and the optoelectronic
devices is usually a complex and a time-consuming procedure which causes an unintentional

high insertion loss in case of imprecise alignment.

[0007] It is a desire to provide a method to manufacture an optoelectronic assembly
comprising an optical connector to couple at least one optical fiber to the optoelectronic
assembly, an optical component to change a beam of light in the optoelectronic assembly and
an optoelectronic component to convert the light into an electric signal or to convert the
electric signal into the light which enables a precise and time-saving coupling of the at least
one optical fiber and the optoelectronic device. It is a further desire to provide an optical
connector which enables to precisely couple at least one optical fiber and an optoelectronic
device in a time-saving manner. It is a further desire to provide an optoelectronic assembly
which enables a precise and time-saving coupling of at least one optical fiber and an

optoelectronic device.

SUMMARY

[0008] Embodiments disclosed in the detailed description include a method to
manufacture an optoelectronic assembly and an optical connector to couple at least one

optical fiber to an optoelectronic assembly.



WO 2014/120586 PCT/US2014/013100

[0009] An embodiment of a method to manufacture an optoelectronic assembly
comprising an optical connector to couple at least one optical fiber to the optoelectronic
assembly and an optical component to change a beam of light in the optoelectronic assembly
and an optoelectronic component to convert the light into an electric signal or to convert the
electric signal into the light, comprises the following steps: providing at least one optical
fiber, providing the optical connector with a material being transparent for the light
transferred in the at least one optical fiber, wherein the optical connector comprises a first
coupling and aligning structure for coupling the at least one optical fiber to the optical
connector and a second coupling and aligning structure for coupling the optical connector to
the optical component, providing a first wafer with a material being transparent for the light
transferred in the optical fiber, providing a second wafer comprising a plurality of identical
ones of the optoelectronic component, wherein each of the optoelectronic components
comprises a respective optoelectronic device to convert the light into the electric signal or to
convert the electric signal into the light, structuring the first wafer to provide a plurality of
identical ones of the optical components with a respective alignment structure being formed
to couple the respective optical component to the optical connector, stacking and aligning the
first and second wafer so that the light coupled in the respective alignment structure of the
optical components of the first wafer is focused on a respective active arca of the
optoelectronic devices of the second wafer, bonding the first and the second wafer on top of
each other, separating the bonded first and second wafer into a plurality of the optoelectronic
modules, wherein each of the optoelectronic modules comprises one of the optoelectronic
components and one of the optical components, coupling the at least one optical fiber to the
optical connector, and coupling the optical connector to one of the plurality of the separated
optoelectronic modules by coupling the second coupling and aligning structure of the optical

connector to the alignment structure of said one of the separated optoelectronic modules.

[0010] According to an embodiment of an optical connector to couple at least one optical
fiber to an optoelectronic assembly, the optical connector comprises a first coupling and
aligning structure for coupling the at least one optical fiber to the optical connector, said first
coupling and aligning structure having a surface for coupling light between the at least one
optical fiber and the optical connector. The surface of the first coupling and aligning structure
is configured to attach the at least one optical fiber to the first coupling and aligning structure
and to couple light in and/or out of the optical connector. The surface of the first coupling and

aligning structure is formed such that, in a state of the optical connector in which the at least
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one optical fiber is attached to the surface of the first coupling and aligning structure, the at
least one optical fiber is aligned in relation to the optical connector to couple light between
the surface of the first coupling and aligning structure and the at least one optical fiber. The
optical connector comprises a second coupling and aligning structure for coupling the optical
connector to an optoelectronic module including an optoelectronic device to convert light into
an electric signal or to convert the electric signal into the light. The second coupling and
aligning structure is configured to engage with an alignment structure of the optoelectronic
module. The second coupling and aligning structure has a surface for coupling the light
between the optoelectronic module and the optical connector. The surface of the second
coupling and aligning structure is formed such that, in a state of the optical connector in
which the second coupling and aligning structure is engaged with the alignment structure of
the optoelectronic module, the optoelectronic module is aligned in relation to the optical
connector to couple the light between the surface of the second coupling and aligning
structure and the optoelectronic module and a beam of the light coupled between the
optoelectronic module and the optical connector is kept unchanged by the surface of the
second coupling and aligning structure. The optical connector is configured to provide an
optical path between the surface of the first coupling and aligning structure and the surface of
the second coupling and aligning structure to transfer light coupled in the optical connector at
the surface of the first coupling and aligning structure to the surface of the second coupling
and aligning structure and to transfer light coupled in the optical connector at the surface of
the second coupling and aligning structure to the surface of the first coupling and aligning

structure.

[0011] According to an embodiment of the optoelectronic assembly, the assembly
comprises the optical connector as specified above and the optoelectronic module including
the optoelectronic device to convert light into an electric signal or to convert the electric
signal into the light. The optoelectronic module comprises a first material block and a second
material block including the optoelectronic device to convert the light into the electric signal
or to convert the electric signal into the light. A first part of the first material block is
structured to form the alignment structure of the optoelectronic module to engage with the
surface of the second coupling and aligning structure of the optical connector and a second
part of the first material block is structured to form an optical device to direct a beam of the
light towards an active area of the optoelectronic device. The first and second material block

of the optoelectronic module are stacked on top of each other such that the surface of the
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second coupling and aligning structure of the optical connector engages with the alignment

structure of the first part of the first material block of the optoelectronic module.

[0012] It is to be understood that both the foregoing general description and the following
detailed description present embodiments and are intended to provide an overview or a
framework for understanding the nature and character of the disclosure. The accompanying
drawings are included to provide a further understanding, and are incorporated into and
constitute a part of this specification. The drawings illustrate various embodiments and,
together with the description, serve to explain the principles and operation of the concepts

disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]  FIG. 1 shows an embodiment of an optical connector to couple at least one optical
fiber to an optoelectronic device and an embodiment of an optoelectronic assembly including

the optical connector;

[0014] FIG. 2 shows another embodiment of an optical connector to couple at least one
optical fiber to an optoelectronic device and an embodiment of an optoelectronic assembly

including the optical connector;

[0015]  FIGS. 3A and 3B show another embodiment of an optical connector to couple at
least one optical fiber to an optoelectronic device and an embodiment of an optoelectronic

assembly including the optical connector;

[0016]  FIG. 4 shows another embodiment of an optical connector to couple at least one
optical fiber to an optoelectronic device and an embodiment of an optoelectronic assembly

including the optical connector;

[0017]  FIG. 5 shows another embodiment of an optical connector to couple at least one
optical fiber to an optoelectronic device and an embodiment of an optoelectronic assembly

including the optical connector;

[0018]  FIG. 6 shows another embodiment of an optical connector to couple at least one
optical fiber to an optoelectronic device and an embodiment of an optoelectronic assembly

including the optical connector;
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[0019]  FIG. 7 shows an embodiment of an optical connector coupled with an array of

optical fibers;
[0020] FIG. 8A shows a first wafer comprising a plurality of optical components;

[0021] FIG. 8B shows a second wafer comprising a plurality of optoelectronic

components;
[0022] FIG. 8C shows an alignment of the first and the second wafers;

[0023]  FIG. 8D shows stacked first and second optical wafers to manufacture a plurality

of optoelectronic modules;
[0024] FIG. 9 shows a third wafer comprising a plurality of optical connectors;

[0025] FIG. 10A shows an alignment of a fourth wafer comprising a plurality of first
coupling and aligning structures and a fifth wafer comprising a plurality of second coupling

and aligning structures;

[0026]  FIG. 10B shows stacked fourth and fifth wafers to manufacture a plurality of

optical connectors.

DETAILED DESCRIPTION

[0027] Figures 1 to 6 show different embodiments of optoelectronic assemblies 1 to 7
which may be disposed on a printed circuit board 500. Each of the optoelectronic assemblies
1 to 7 comprises an optical connector 100 coupled to an optoelectronic module 1000. The
optoelectronic module 1000 is configured to convert light into an electric signal or to convert
an electric signal into light. The optoelectronic module 1000 comprises an optical component
200 comprising an alignment structure 210 to couple the optoelectronic module 1000 to the
optical connector 100 and an optoelectronic component 300 comprising an optoelectronic
device 310 to convert light into an electric signal or to convert an electric signal into light.
Each of the optoelectronic assemblies may be mounted to a printed circuit board 500.
Components having all of the optoelectronic assemblies 1 to 7 in common with each other are
described in the following before referring to individual aspects of the different embodiments

of the optoelectronic assemblies 1 to 7.
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[0028] In the embodiments shown in Figures 1 to 6 the optical connector 100 comprises a
coupling and aligning structure 110 which is configured to attach at least one optical fiber
400 for coupling the optical fiber to the optical connector 100. The coupling and aligning
structure 110 is configured to attach a single optical fiber or a plurality of optical fibers, such
as an array of optical fibers, for example, an optical fiber ribbon. The coupling and aligning
structure 110 has a surface 111 to couple light in and/or out of the optical connector 100. The
coupling and aligning structure 110 is formed such that, in a state of the optical connector
100 in which the at least one optical fiber 400 is attached to the coupling and aligning
structure 110, the at least one optical fiber 400 is aligned in relation to the optical connector
100 to couple light between the surface 111 of the coupling and aligning structure 110 and
the at least one optical fiber 400.

[0029] In the embodiments of the optoelectronic assemblies 1 to 7 shown in Figures 1 to
6, the optical connector further comprises a coupling and aligning structure 120 which is
configured to engage with a structure 210 of the optoelectronic module 1000 for coupling the
optical fiber 400 to the optoelectronic module 1000. The coupling and aligning structure 120
has a surface 121 to couple light in and/or out of the optical connector 100. The surface 121
of the coupling and aligning structure 120 may be configured to keep a beam of the light
coupled in or out of the optical connector 100 unchanged. That means that the surface 121
does not influence the direction of the beam of the light and does not change the course of the
beam of light, when the light passes through the surface 121. The coupling and aligning
structure 120 is formed such that, in a state of the optical connector 100 in which the coupling
and aligning structure 120 is engaged with the structure 210 of the optoelectronic module
1000, the optoelectronic module 1000 is aligned in relation to the optical connector 100 to
couple light between the surface 121 of the coupling and aligning structure 120 and the
optoelectronic module 1000. The second coupling and aligning structure is configured to
align the optical connector 100 to the optoelectronic module 1000 in two directions within a
given range, i.e. an x- and an y- direction being perpendicular arranged to each other so that,
particularly, when coupling an optical fiber array to the first coupling and aligning structure
110, the optical fiber array aligns to the optoelectronic module 1000 within a prescribed

alignment offset.

[0030] The optical connector 100 is configured to provide an optical path OP1 between
the surface 111 of the coupling and aligning structure 110 and the surface 121 of the coupling



WO 2014/120586 PCT/US2014/013100

and aligning structure 120 to transfer light coupled in the at least one optical connector 100 at
the surface 111 of the coupling and aligning structure 110 to the surface 121 of the coupling
and aligning structure 120 and to transfer light coupled in the at least one optical connector
100 at the surface 121 of the coupling and aligning structure 120 to the surface 111 of the
coupling and aligning structure 110. In the case of coupling an optical fiber array comprising
multiple optical fibers to the surface 111 of the first coupling and aligning structure 110, the
optical path OP1 inside the optical connector comprises multiple optical channels. The light
coupled out of each of the optical fibers of the optical fiber array is transferred via a
respective one of the optical channels OP1 towards the surface 121 of the second coupling

and aligning structure 120.

[0031] According to the embodiment of the optical connector shown in Figures 1, 2 and
3, the coupling and aligning structure 110 comprises a groove 112 to insert the at least one
optical fiber 400 to be attached to the coupling and aligning structure 110. The coupling and
aligning structure 110 is designed for passive alignment and attachment of the optical fiber.
That means that the at least one optical fiber is correctly aligned in relation to the
optoelectronic module by inserting the at least one optical fiber in the coupling and aligning
structure 110. In contrast to an active alignment procedure, the alignment of the at least one
optical fiber 400 in relation to alignment marks by using optical systems, such as cameras, or
by measuring the attenuation of the light transferred from the at least one optical fiber to the

optoelectronic device 310 can be omitted.

[0032] The groove 112 can be formed as a V-shaped or a U-shaped cavity in the material
of the connector 100. The at least one optical fiber 400 may be attached to the optical
connector 100 by gluing the at least one optical fiber to the groove 112 and particularly by
gluing a front face of the single optical fiber or a respective front face of each of the optical
fibers of an optical fiber array to the surface 111. The surface 111 which is configured in face
of the fiber end of the at least one optical fiber 400 may be slanted in relation to the
longitudinal axis of the groove 112 in order to minimize reflections and reduce the formation
of bubbles when gluing the at least one optical fiber into the groove 112. The surface 111
may be slanted by an angle of less than 90° in relation to a longitudinal axis LA of the groove

112.

[0033] The optical connector 100 shown in Figures 1 to 3 further comprises a
deflecting/reflecting element 130 which is configured to deflect light striking the

-8-



WO 2014/120586 PCT/US2014/013100

deflecting/reflecting element 130 from one of the surface 111, 121 of the coupling and
aligning structure 110 and the coupling and aligning structure 120 in a direction towards the
surface 121, 111 of the other one of the coupling and aligning structure 110 and the coupling
and aligning structure 120.

[0034] In particular, the deflecting/reflecting element 130 may comprise a surface 131
which is configured to deflect light striking the surface 131 from one of the coupling and
aligning structures 110, 120 towards the other one of the coupling and aligning structures
120, 110. The surface 131 of the deflecting/reflecting element 130 may be layered with a
reflective coating 140. The surface 131 may be configured to deflect an optical beam striking
the surface from the direction of the coupling and aligning structure 110 or from the direction
of the coupling and aligning structure 120 by an angle of approximately 90° so that the at
least one optical fiber 400 can be orientated substantially in parallel to a printed circuit board

500 on which the optical assembly 1, 2 or 3 of the Figures 1, 2 and 3 is mounted.

[0035] For some applications it may be advantageous to have the at least one optical fiber
oriented at an angle of, for example 30° to 45° to the printed circuit board 500, for example in
order to increase the density of optical fiber connections. In this case the reflective surface
131 and the groove 112 can be tilted accordingly in relation to the surface of the printed
circuit board 500. Reflection at the surface 131 of the deflecting/reflecting element 130 can
be achieved either by total internal reflection or by the reflective coating 140 applied to the
surface 131. The reflective coating may comprise gold or may be formed as an aluminum

coating or may be formed by dielectric layers.

[0036] The optical component 200 is manufactured by processing, and particularly by
structuring, a material block 201 to form an alignment structure 210 and at least one optical
device 220. According to the embodiments of the optoelectronic assemblies 1, 2 and 5 to 7
shown in Figures 1, 2 and 4 to 6, the surface 121 of the coupling and aligning structure 120 is
configured to engage with the alignment structure 210 of the optical component 200. The
surface 121 of the coupling and aligning structure 120 may be inversely shaped in relation to
the alignment structure 210 of the optical component 200 of the optoelectronic module 1000
to engage with the alignment structure 210 of the material block 201. The structure 210 of the
optical component 200 comprises a surface 211 which is configured to couple light in and/or
out of the optoelectronic module 1000. In the mated state of the embodiments of the coupling

and aligning structure 120 of the optical connector 100 and the alignment structure 210 of the

-9-
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optical component, the optoelectronic module 1000 and the optical connector 100 are aligned
to each other so that light coupled out of the surface 121 of the coupling and aligning
structure 120 is coupled into the surface 211 of the optical component 200 and light coupled
out of the surface 211 of the optical component 200 is coupled into the surface 121 of the

coupling and aligning structure 120.

[0037] The optical component 200 is configured to provide an optical path OP2 to
transfer light between the surface 211 of the material block 201 and the optical device 220.
The optical device 220 is configured to focus light to an active area 311 of the optoelectronic

device 310.

[0038] The optical connector 100, particularly the coupling and aligning structure 120, is
designed such that it fits onto the alignment structure 210 of the optoelectronic module 1000
so that the optical connector 100 and the optoelectronic module are coupled in a self-
adjusting manner to direct light coupled out of the at least one optical fiber 400 via the optical
path OP1 of the optical connector and via the optical path OP2 of the optical component to
the active area 311 of the optoelectronic device 310. The optical connector 100 can
permanently be fixed to the optoelectronic module 1000 by using, for example, an index-
matched UV-curable epoxy or acrylics. The adhesive can be partly or completely cured by
UV-irradiation, but may also be cured thermally, for example by laser heating or in an oven.
It is also possible to create a releasable connection between the optical connector 100 and the
optical component 200. If it is intended to produce a releasable connection, index-matching
gel may be used between the alignment structure 210 of the optoelectronic module and the
optical connector in order to reduce reflections. It is also possible to apply an anti-reflective
coating to both the surface of the alignment structure 210 and the coupling and aligning

structure 120 of the optical connector.

[0039] The optoelectronic component 300 comprises a material block 301, for example a
substrate, which contains the optoelectronic device 310. An active area 311 of the
optoelectronic device is disposed on the surface of the substrate 301. The active area 311 is

configured to emit or receive light.

[0040] The optical component 200 may be coupled to the optoelectronic component 300
by bonding the material blocks 201, 301. In the bonded state of the material blocks 201 and

301, the optical component 200 is aligned in relation to the optoelectronic component 300 so

-10 -
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that a light beam is focussed from the optical device 220 towards the active area 311 of the

optoelectronic device 310.

[0041] One of the surfaces of the material block 201 may be formed as a focussing lens
which is designed such that the coupling efficiency between the optoelectronic component
310 and the at least one optical fiber 400 is maximized. The lens 220 can have a spherical
shape. To compensate for aberrations the lens may also be formed with an aspheric shape.
According to another possibility, the optical device 220 may be formed as a diffractive lens.
This is particularly advantageous if the micro-optics structure 220 is formed by a lithography
production method. The focussing lens 220 is designed and located such that the optical beam
width is relatively large at the surface 211 of the optical component 200. This reduces the
alignment accuracy that is needed between the optoelectronic module 1000 and the optical
connector 100, thus allowing higher tolerances and reduced production cost. In case
alignment tolerances remain unchanged, this leads to higher coupling efficiency on the

average.

[0042] According to a further embodiment of the optical component 200 an anti-
reflective coating 230 may be applied to the surface of the optical device 220 in order to

reduce reflections which lead to a decreased coupling efficiency and/or signal distortion.

[0043] According to the embodiments of the optoelectronic assemblies 1 to 7 the width of
the optical beam at the top surface 211 of the optical component 200 is larger than at the
position of the active area 311 of the optoelectronic component 300. This means that the
alignment tolerance of the optical connector 100 in lateral direction is higher than if the
optical connector is directly attached to the active surface 311 of the optoelectronic device
310. At the same time the divergence angle of the optical beam at the top surface 211 of the
optical component 200 is lower than at the position of the active arca 311 of the
optoelectronic device 310. This means that the position tolerance of the optical connector 100

is increased also in the vertical direction.

[0044] The increased alignment tolerance means that either a higher coupling efficiency
can be achieved or the requirements on the accuracy of the manufacturing of the optical
connector 100 can be decreased, thus lowering the production costs. The increased beam
width leads to reduced tolerance against angular misalignment. Thus, the contact surfaces 121

and 211 of the coupling and aligning structure 120 and the alignment structure 210 should be

-11 -
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designed as large as practically possible. In order to not disturb the transmission of light
between the optical connector 100 and the optical component 200, a gel adapted to the
refractive index of the material block 101 and the material block 201 may be disposed in the

gap between the coupling and aligning structure 120 and the alignment structure 210.

[0045] If an optical fiber 400 is positioned in the coupling and aligning structure 110 so
that the fiber end and the surface 111 are placed opposed to each other, a light beam which is
transferred in the at least one optical fiber is coupled out at the end face of the at least one
optical fiber and coupled in the surface 111. The light is transferred via the optical path OP1

in the material block 101 of the optical connector 100.

[0046] According to the embodiments of the optoelectronic assemblies 1, 2, 3 and 4 the
light is reflected at the surface 131 of the deflecting/reflecting element 130 which may be
formed as a slanted outer surface of the material block 101. The deflecting/reflecting element
130 cnables that the light is directed towards the coupling and aligning structure 120.
According to the embodiments of the optoelectronic assemblies 5, 6 and 7 the light coupled
in the optical connector is directly transferred, i.e. without being deflected, towards the

coupling and aligning structure 120.

[0047] The light is coupled out of the coupling and aligning structure 120 and coupled in
the surface 211 of the alignment structure 210 of the optical component 200. The light
coupled in the optical component 200 is transferred via an optical path OP2 of the material
block 201 towards the optical device 220. The optical device 220 focuses the light beam to

the active area 311 of the optoelectronic device 310.

[0048] Figures 1 to 6 show embodiments of an optoelectronic assembly 1, 2, 3, 4, 5, 6
and 7 comprising the optical connector 100 and the optoelectronic module 1000. The
optoelectronic module 1000 comprises the material block 201 of the optical component 200
including the alignment structure 210 and the optical device 220. The optoelectronic module
1000 comprises the material block 301 of the optoelectronic component 300 with the
optoelectronic device 310 and its active area 311 formed on a top surface of the material

block 301.

[0049] Figure 1 illustrates an embodiment of an optoelectronic assembly 1, wherein the
coupling and aligning structure 110 of the optical connector 100 is formed as a groove 112 to

couple the at least one optical fiber 400 to the optical connector 100. The alignment structure

-12 -
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210 of the optical component 200 is formed as a nose/protrusion in the material of the
material block 201. The nose/protrusion 210 is configured to engage with the coupling and
aligning structure 120 of the optical connector 100 and to couple light in and out of the
optical component. The coupling and aligning structure 120 is formed as a recess/cavity in
the material block 101 of the optical connector 100. The recess/cavity 120 is formed in the
material block 101 with dimensions such that the protrusion 210 fits into the recess/cavity
120 of the optical connector 100. The alignment structure 210 may be formed with a
cylindrical or rectangular shape. The alignment structure may have sharp edges. As shown in
Figure 1, the coupling and aligning structure 120 comprises a ground area 122 and side areas
123, wherein the side areas are arranged with an angel of 90° on the ground area of the

coupling and aligning structure 120.

[0050] According to another embodiment of the optoelectronic assembly, the material
block 201 may be shaped such that the coupling and aligning structure 120 has rounded edges
between the ground area 122 and the side areas 123 of the coupling and aligning structure
120 in order to facilitate mating action between the material block 201 of the optical
component and the material block 101 of the optical connector 100 and in order to minimize
damage to the alignment structure 210 and the coupling and aligning structure 120 during

mating.

[0051] The deflecting/reflecting element 130 comprises a slanted surface of the material
block 101 to deflect light in the optical path OP1 from the coupling and aligning structure
110 towards the coupling and aligning structure 120.

[0052] Figure 2 shows an embodiment of an optoelectronic assembly 2, wherein the
coupling and aligning structure 110 of the optical connector 100 is formed as a groove 112 to
couple the at least one optical fiber 400 to the optical connector 100. The deflecting/reflecting
element 130 is formed as a curved reflective surface of the material block 101 of the optical
connector 100. The coupling and aligning structure 120 is formed as a protrusion having a
rectangular or circular cross-section in the material block 101 and the alignment structure 210
is formed as a recess in the material block 201. If a light beam is coupled via the surface 111
of the coupling and aligning structure 110 into the optical connector, the light is reflected at
the curved reflective surface 131 of the deflecting/reflecting element 130 and directed
towards the surface 121 of the coupling and aligning structure 120. The reflective surface 131

is curved such that the deflecting/reflecting element 130 acts as a focussing mirror. The
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alignment structure 210 is formed as a cavity to engage with the protrusion of the coupling
and aligning structure 120.

[0053] The embodiment of the optoelectronic assembly 2 and particularly the curved
reflective surface 131 of the deflecting/reflecting element 130 enables that, at the coupling
surfaces between the optical connector 100 and the optical component 200, the beam width of
the transferred light is increased and the divergence angle is decreased which leads to an
increased positioning tolerance of the optical connector in all three spatial directions.
Furthermore, the focussing power of the lens 220 can be decreased. This enables to reduce
the effort of production, since the radius of curvature of the focussing lens 220 can be
reduced or the lens can be positioned closer to the active area 311 of the optoelectronic
device 310, leading to smaller overall form factors. By combining two focussing elements,
i.e. the curved reflective surface 131 and the focussing lens 220, aberrations can be reduced,

leading to increased coupling efficiency.

[0054] Figure 3A shows another possible embodiment of an optoelectronic assembly 3
comprising the optical connector 100 and the optoelectronic module 1000. In contrast to the
embodiments of the optoelectronic assemblies of Figures 1 and 2, alignment structure 210
comprises linear or circular grooves which are arranged apart from each other. The coupling
and aligning structure 120 of the optical connector 100 is inversely shaped and may contain
ribs being spaced apart from each other which engage in the grooves of the optical
component 200. The surface 121 of the coupling and aligning structure 120 to couple light in
and out of the optical connector 100 is disposed between the protrusions of the coupling and
aligning structure 120. The surface 211 of the alignment structure 210 of the optical
component 200 is disposed between the cavities of the alignment structure 210 of the optical

component 200.

[0055] Figure 3B shows a section of another embodiment of an optoelectronic assembly
4. In contrast to the embodiment of the optical assembly 3 of Figure 3 both of the coupling
and aligning structure 120 and the alignment structure 210 are formed as grooves or recesses
in their respective material blocks 101 and 201. A ball 600 is disposed between the cavities of
the optical connector and the cavities of the optical component 200. The gap between the
grooves and the ball 330 may be filled with an adhesive. The surface 121 of the coupling and
aligning structure 120 of the optical connector 100 is disposed between the cavities of the

coupling and aligning structure 120. The surface 121 is configured to couple light in and out
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of the optical connector 100. The surface 211 of the alignment structure 210 of the optical
component 200 is disposed between the cavities of the alignment structure 210. The surface

211 is configured to couple light in and out of the optical component 200.

[0056] In contrast to the embodiments of the optoelectronic assemblies shown in Figures
1 to 3B, embodiments of the optoelectronic assemblies 5, 6 and 7 shown in Figures 4, 5 and 6
do not comprise an optical connector with a deflecting/reflecting element. According to the
embodiments of the optical connectors of the optoclectronic assemblies 4, 5 and 6, each of
the optical connectors is configured so that the light transferred in the optical path OP1 of the
optical connector 100 is directly, and without any reflection/deflection, transferred between
the coupling and aligning structures 110 and 120. The advantage of these configurations is
reduced production cost for the optical connector because of the omitted reflective surface

and because in case of a wafer-scale production less area on the wafer per connector is used.

[0057] The coupling and aligning structure 110 of the embodiments of the optoelectronic
assemblies 5 to 7 shown in Figures 4 to 6 are formed as a bore. The coupling and aligning
structures 110 may alternatively be shaped as a groove to position the at least one optical

fiber 400 as shown for the embodiments of the optical assemblies 1 to 3.

[0058] Figure 4 shows an embodiment of an optoelectronic assembly 5. The
optoelectronic assembly 5 comprises the optical connector 100 and the optoelectronic module
1000. The optical connector is formed without a reflective surface so that light is transferred
straight on between the surface 111 of the coupling and aligning structure 110 and the surface
121 of the coupling and aligning structure 120. The surfaces 111 and 121 are configured to
couple light in the coupling and aligning structure 110 and out of the coupling and aligning

structure 120 and vice versa.

[0059] According to the embodiments 1 to 5 illustrated in Figures 1 to 4 the optical
connector 100 is formed of a single material block 101 which is shaped to form the coupling
and aligning structures 110, 120 or the deflecting/reflecting element 130. Figure 5 shows an
embodiment of an optoelectronic assembly 6 comprising the optical connector 100 and the
optoelectronic module 1000. In contrast to the embodiments of the optoelectronic assemblies
1 to 5, the optical connector 100 comprises separate material blocks 102 and 103. The
material block 102 is structured to form the coupling and aligning structure 110 in the

material of the material block 102. A section of the material block 103 is structured to form
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the coupling and aligning structure 120 and an optical element 150 in the material of the
material block 103.

[0060] The material blocks 102 and 103 are stacked on top of each other. The material
blocks 102 and 103 are aligned so that light coupled in the material block 102 at the surface
111 of the coupling and aligning structure 110 escapes the material block 102 at a surface
above the optical element 150 of the material block 103 and is coupled in the optical device
150. The surfaces on which the material blocks 102 and 103 are in contact with each other
can be bonded together. The optical element 150 may be formed as a lens. The optical
element 150 is configured so that light striking the optical element 150 is transferred with a
reduced beam diameter towards the coupling and aligning structure 120. The material block
103 comprises the coupling and aligning structure 120 which may be formed as an elevation

which engages with the alignment structure 210 formed as a recess of the optical component
200.

[0061] Figure 6 shows an embodiment of an optoelectronic assembly 7, wherein the
optical connector is formed as a single material block 101. The optoelectronic assembly 7
comprises the optical connector 100 and the optoelectronic module 1000. The optical
connector 100 comprises the coupling and aligning structure 110. The surface 111 of the
coupling and aligning structure 110 is formed as a recess in the material of the material block
101. The at least one optical fiber 400 may be attached with its front face to a ground area of
the surface 111 of the coupling and aligning structure 110. The coupling and aligning
structure 120 of the optical connector 100 is formed to at least partly surround the material
block 201 of the optical component 200. To this purpose, a section of the optical connector
100 is formed as a cavity. The cavity may be placed over the material block 201 to align the
optical connector 100 in relation to the optoelectronic module 1000 so that light coupled in
the optical connector 100 at the coupling and aligning structure 110 is transferred via the
optical paths OP1, OP2 towards the optical device 220. The surface 121 of the coupling and
aligning structure 120 comprises a ground area and side areas. The ground area is in contact
with an upper surface of the optical component 200. The side arcas of the surface 121 of the

coupling and aligning structure 120 surround the side areas of the optical component 200.

[0062] The optical component 200 comprises an optical device 220. The optical device

220 may be formed as a focussing lens which focuses the light to the active areca 311 of the
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optoelectronic device 310 which is integrated in the substrate 301 of the optoelectronic

component 300.

[0063] According to the embodiment of the optoelectronic assembly 7 of Figure 6, the
material block 201 itself provides alignment for the optical connector 100 and the
optoelectronic module 1000. This variant of an optical assembly can be used, for example, if
the precision of the dicing process to separate the material block 201 from a wafer is high
enough for alignment between the optical connector 100 and the optoelectronic module 1000.
A dicing process which is precise to a few microns is usually suitable enough for alignment
between the optical connector 100 and the optoelectronic module 1000, especially given the

relaxation of the alignment requirements by the optical configuration.

[0064] The coupling and aligning structure 120 comprises the ground area 122 to couple
the light in and out of the optical connector and side areas 123 to align the optical connector
100 and the optical component 200 to each other. For the embodiment of the optoelectronic
assembly 7 it is advantageous to make the side areas 123 of the coupling and aligning
structure 120 of the optical connector 100 as long as possible in the contact area between the
optical connector 100 and the optical component 200 of the optoelectronic module 1000 in
order to achieve high accuracy in angular alignment. The optical connector may not only
extend over the side faces of the optical component 200, but may even extend over the side
faces of the optoelectronic component 300 for this purpose. The advantage of this variant is
reduced manufacturing costs, both for the structures of the optical component 200 and the
optical connector 100, since alignment structures in the material blocks 101 and 201 are

omitted.

[0065] Figure 7 shows a top view to an embodiment of the optical connector 100
comprising a coupling and aligning structure 110 for coupling multiple optical channels 400
arranged in an array to the optical connector 100. The optical connector 100 as shown in
Figure 7 may be provided in the embodiments of the optoelectronic assembly 1 to 7 for
coupling an array of optical fibers to the optoelectronic assembly. The optical fibers may be
configured as an optical fiber ribbon which is coupled to coupling and aligning structure 110
by attaching the end faces of the optical fibers to the surface 111 of the coupling and aligning
structure 110. The coupling and aligning structure 110 may comprise a plurality of insertion
holes 112 in the material block 101 of the optical connector 100, wherein each of the optical

fibers of the optical fiber array is positioned in one of the cavities 112. Light coupled out each
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of the optical fibers of the optical fiber array is coupled in the surface 111 of the coupling and
aligning structure 110 and transferred via a respective optical path/channel OP1 in the optical
connector 100 towards the coupling and aligning structure 120. In order to couple the
different optical channel of the optical connector 100 to the optical component 200 and to the
optoelectronic component 300, the coupling and aligning structure 120 is configured to be
aligned to the optoelectronic module 1000 in two directions x and y within a given range. The
coupling and aligning structure 120 is formed so that the optical connector 100 is aligned in
the x- and y-directions to the optical component 200 within a prescribed alignment offset so
that the array of the optical fibers 400 aligns to the optoelectronic device 310 of the

optoelectronic component 300.

[0066]  According to an embodiment of a method of manufacturing the optoelectronic
assemblies 1 to 7 the different components of the optoelectronic assemblies, i.e. the optical
comnector 100, the optical component 200 and the optoelectronic component 200 are
produced as wafer-level based components. The production of the optical connector 100 may
be accomplished simultancously and in parallel with the production of the optoelectronic
module 1000 comprising the optical component 200 and the optoelectronic component 300.
Embodiments of a method of manufacturing the optoelectronic assemblies 1 to 7 are

illustrated in Figures 8A to 8D, Figure 9 and Figures 10A and 10B.

[0067] Figure 8A illustrates the method of manufacturing a plurality of material blocks
201 of optical components 200 by processing a wafer 10. To this purpose, the wafer 10 is
provided with a material being transparent for the light transferred in the optical fiber 400.
The wafer 10 is structured to provide a plurality of identical ones of the optical components
200 with a respective alignment structure 210 being formed to couple the respective optical

component 200 to the optical connector 100.

[0068] According to an embodiment of the method of manufacturing the optoelectronic
assembly the wafer 10 is structured so that the respective alignment structure 210 of the
optical components 200 on the wafer 10 is formed with a surface 211 being configured to

engage with the second coupling an aligning structure 120 of the optical connector 100.

[0069] According to another embodiment of the method of manufacturing the
optoelectronic assembly the wafer 10 is structured so that each of the optical components 200

is provided with a respective optical device 220, wherein each of the optical devices 220 is
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configured to focus the beam of the light to the respective area of the active areas 311 of the

optoelectronic devices 310 in a state in which the wafers 10, 20 are aligned to each other.

[0070] Figure 8B illustrates a method of manufacturing a plurality of material blocks 301
of optoelectronic components 310 by processing a wafer 20. The wafer 20 is provided with a
plurality of identical ones of the optoelectronic component 300, wherein each of the
optoelectronic components 300 comprises a respective optoelectronic device 310 to convert
light into an electric signal or to convert the electric signal into the light. A respective active

area 311 of each of the optoelectronic devices 310 is disposed on a surface of the wafer 20.

[0071] The wafer 20 may contain optoelectronic components 310 such as VCSELs or
photodiodes. This can be done by planar semiconductor wafer production techniques. Besides
VCSELs and photodiodes, any other optoclectronic component which converts light to
electrical current or vice versa and where the direction of emission or reception of light is
mainly perpendicular to the wafer plane, can be realized in the material of the optoelectronics
wafer 20. It is likewise possible that the optoelectronics wafer 20 contains a number of
photoelectronic devices, such as an array of VCSELSs or an array of VCSELSs and photodiode.
It is also possible that additional electronics, such as laser drivers or trans-impedance
amplifiers (TIAs) are located together with the optoelectronic components on the
optoelectronics wafer 20 and will be part of the final optoelectronic modules 1000. The wafer
substrate for the optoelectronic wafer 20 can be any kind of common semiconductor

electronics wafer substrate, such as silicon, indium, phosphide, ceramics or glass.

[0072] The micro-optics wafer 10 comprising the alignment structures 210 and the micro-
optics structures 220 may be produced parallel to production of the wafer 20 by using
semiconductor wafer production techniques, such as precision injection molding and UV-
imprint lithography. According to the UV-imprint lithography method a structured stamp is
produced by lithographic methods using photo-sensitive material and this stamp is used to
shape UV-curable resist material. This method may particularly be used to produce a micro-
optic structure 220 on a glass wafer. Another possible production method is the application of
photoresist material on a glass wafer, lithographic shaping of the photoresist material and
subsequent transfer of the photoresist structure into the glass wafer by reactive ion etching.

Another possible production method is precision injection molding.
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[0073] The embodiment of the optoelectronic assembly 1 is designed for “flip-chip”
optoelectronic components, where the active area, i.e. the arca where the optical beam is
emitted or received, and electrical connections are located on opposite sides of the
optoelectronic wafer. It is also feasible to design the micro-optics wafer 10 with grooves on
the bottom side, so that the electronic contact pads on the top side of the optoelectronic

component become accessible after intermittent cutting on the micro-optics structure.

[0074] As an appropriate material for the micro-optics wafer 10 any material which is
transparent at the wavelength of the optoelectronic component 310 and which is hard enough
for secure attachment of the optical connector 100 can be used. The micro-optic wafer 10
may contain a material of glass, transparent polymers or a UV-curing resist such as PAK-01.
Depending on the wavelength, semiconductor materials like silicon or indium phosphide can
be used as well. For wavelengths which are greater than 1 um, for example silicon can be
used. Structuring of the micro-optics wafer 10 to produce the alignment structure 210 and the
micro-optics structure 220 may be done using planar processes as known from the production
of semiconductor electronics or MEMS (Micro-Electro-Mechanical-Systems). The structured
micro-optic wafer can be produced by methods like precision injection molding, UV-imprint

lithography or reactive ion etching (RIE) in combination with photoresist structuring.

[0075] Figures 8C and 8D illustrate the manufacturing of the optoelectronic modules
1000. As shown in Figure 8C, the wafer 10 and the wafer 20 are stacked on top of each other
and aligned so that the light coupled in the respective alignment structure 210 of the optical
components 200 of the wafer 10 is focused on a respective active area 311 of the
optoelectronic devices 310 of the wafer 20. After having aligned the wafers 10 and 20 the
optical devices 220 of the wafer 10 are positioned in relation to the active area 311 of the
optoelectronic component 300 of the wafer 20 such that each of the optical devices 220 focus
light penetrating the alignment structure 210 of the wafer 20 on an active area 311 of a
respective one of the optoelectronic devices 310 of the wafer 20. The wafers 10 and 20 may
be aligned by using alignment marks 21, 22 disposed on at least one of the wafers 10 and 20
in combination with vision-based alignment. The alignment marks may be produced on
wafer-scale. The alignment procedure is performed only once for the plurality of material

blocks 201, 301 which are disposed on different wafers 10 and 20.

[0076] After alignment of the stacked wafers 10 and 20, the wafers are bonded on top of

cach other, as shown in Figure 8D. In order to produce a plurality of optoclectronic modules
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1000, the bonded wafers 10 and 20 are separated by a dicing process into a plurality of
optoelectronic modules 1000. Each of the optoelectronic modules comprises a material block
201 of the optical component 200 and a material block 301 of the optoelectronic component
300. For bonding, techniques are used which use, for example epoxy. In the case of the use of
a UV-curable resist material for the production of micro-structures 220 it is also possible to

produce the micro-structures 220 directly on the optoelectronics wafer 20.

[0077] In order to finally manufacture the embodiments of optoelectronic assemblies 1 to
7, at least one optical fiber 400 is provided as a single optical fiber or as an array of a
plurality of optical fibers, such as an optical fiber ribbon. Furthermore, an optical connector
100 is provided with a material being transparent for the light transferred in the at least one
optical fiber 400, wherein the optical connector 100 comprises the coupling and aligning
structure 110 for coupling the at least one optical fiber 400 to the optical connector 100 and
with a second coupling and aligning structure 120 for coupling the optical connector 100 to
the optical component 200. The at least one optical fiber 400 is coupled to the optical
connector 100. The optical connector 100 is coupled to one of the plurality of the separated
optoelectronic modules 1000 by coupling the second coupling and aligning structure 120 of
the optical connector 100 to the alignment structure 210 of the separated optoelectronic

module 1000.

[0078] Figure 9 illustrates a method to manufacture an optical connector 100 as shown in
Figures 1 to 4, 6 and 7. A wafer 30 is provided which comprises a material being transparent
for the light transferred in the at least one optical fiber 400. The wafer 30 is structured to
provide a plurality of identical ones of the coupling and aligning structure 110 for coupling
the at least one optical fiber 400 to the respective optical connector 100 and a plurality of
identical ones of the coupling and aligning structure 120 for coupling a respective one of the
optical components 200 to the respective optical connector 100. Thus, the wafer 30 provides

a plurality of identical ones of the optical connectors 100.

[0079] The wafer 30 is separated into a plurality of the optical connectors 100, wherein
each of the optical connectors comprises a respective one of the coupling and aligning
structure 110 and a respective one of the coupling and aligning structure 120. The wafer 30
may be separated into a plurality of material blocks 101 of the optical connectors 100 by a
dicing process. The at least one optical fiber 400 is coupled to one of the separated optical

connectors 100. The separated optical connector 100 can be coupled to one of the plurality of
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the separated optoelectronic modules 1000 by engaging the coupling and aligning structure
120 of the separated optical connectors 100 with the alignment structure 210 of the separated

optoelectronic module 1000.

[0080] According to another embodiment of the method to manufacture the
optoelectronic assembly the wafer 30 is structured so that the respective coupling and
aligning structure 110 of the optical connectors 100 is formed with a respective surface 111
for coupling the light between the at least one optical fiber 400 and the respective optical
connector 100. Furthermore, the wafer 30 is structured so that the respective coupling and
aligning structure 120 of the optical connectors 100 is formed with a respective surface 121
for coupling light between the respective optical component 200 and the respective optical
connector 100. The wafer 30 is structured so that each of the optical connectors 100 is
provided with a respective optical path OP1 for transferring light in the respective optical
connector 100 between the respective surface 111 of the coupling and aligning structure 110
of the optical connectors and the respective surface 121 of the second coupling and aligning

structure 120 of the optical connectors.

[0081] The wafer 30 may be structured so that the respective surface 121 of the optical
connectors 100 is formed to keep a beam of the light coupled in/out of the respective optical
connector 100 at the respective surface 121 of the second coupling and aligning structure 120
of the optical connectors 100 unchanged. According to another embodiment the wafer 30
may be structured so that the respective surface 121 of the coupling and aligning structure
120 of the optical connectors 100 on the wafer 30 is formed to engage with the respective

alignment structure 210 of the optical components 200 on the wafer 10.

[0082] In order to manufacture an optical connector 100 with a deflecting/reflecting
element 130, the wafer 30 may be structured so that each of the optical connectors 100 is
formed with a respective surface 131 of a deflecting/reflecting element 130 of the optical
connectors, wherein the deflecting/reflecting element 130 is configured to deflect/reflect the
light striking the respective surface 131 of the deflecting/reflecting element 130 of the optical
connectors from one of the respective surface 111, 121 of the coupling and aligning structure
110, 120 of the optical connectors in a direction towards the respective surface 121, 111 of
the other coupling and aligning structure 120, 110 of the optical connectors. The respective
surface 131 of the deflecting/reflecting element 130 of the optical connectors 100 may be

layered with a respective reflective coating 140.
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[0083] The optical connectors for coupling the optical fibers to the optoelectronic
modules may be produced by the same techniques as used for the production of the micro-
optics wafer 10, for example, produced on wafer-level basis by methods like precision
injection molding, UV-imprint lithography or reactive ion etching. The wafer 30 containing
the optical connectors is then diced into single connectors. Alternatively single optical
connectors can also be produced by precision injection-molding, using transparent material

like for example a ULTEM resin.

[0084] Figure 10A shows the manufacturing of the optical connector 100 of the
optoelectronic assembly 6 comprising the material block 102 and the material block 103. In
order to manufacture the optical connector 100 of the optoelectronic assembly 6, two wafers
40 and 50 are provided, wherein the wafers 40 and 50 are provided with a material being
transparent for the light transferred in the at least one optical fiber 400. The wafer 40 is
structured to form a plurality of the material block 102 shown in Figure 5. After processing of
the wafer 40, the wafer 40 contains a plurality of identical ones of the coupling and aligning
structure 110, wherein each of the coupling and aligning structures 110 is configured for
coupling the at least one optical fiber 400 to a respective one of the coupling and aligning
structures 110. The wafer 50 is structured to provide a plurality of identical ones of the
coupling and aligning structure 120, wherein each of the coupling and aligning structures 120
is configured for coupling the respective coupling and aligning structure 120 to a respective
one of the alignment structures 210 of the optical components 200. The wafer 50 may be
further structured to provide a plurality of identical ones of optical devices 150 to change the
beam of the light, wherein each one of the optical devices 150 is configured as a lens to direct

the beam of light towards the respective coupling and aligning structure 120.

[0085] Both of the wafers 40, 50 are stacked on top of each other and aligned so that each
material block 102 of the wafer 40 is positioned above a respective one of the material blocks
103 of the wafer 50 such that light coupled in the coupling and aligning structure 110 of each
of the material blocks 102 of the wafer 40 is transferred through the respective material block
102 towards the optical element 150 of the respective material block 103 of the wafer 50. The
light strikes the respective optical element 150 and is coupled out of the material block 103
through the surface 121 of the respective coupling and aligning structure 120 of the wafer 50.
In order to align both of the wafers 40 and 50, alignment marks 51 may be provided on at

least one of the wafers 40, 50. The alignment marks may be produced on wafer-scale. The
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alignment procedure is performed only once for the plurality of material blocks 102, 103

which are disposed on different wafers 40, 50.

[0086] After aligning the wafers both wafers are bonded. Figure 10B shows the bonded
wafers 40 and 50. In order to manufacture the optical connectors 100 of the optoelectronic
assembly 5, the bonded wafers 40 and 50 are separated by a dicing process into a plurality of
the optical connectors 100, wherein each of the optical connectors 100 comprises one of the
coupling and aligning structures 110 and one of the optical devices 150 and one of the

coupling and aligning structures 120.

[0087] In order to manufacture an optoelectronic assembly 1 to 7, one of the plurality of
optical connectors 100 separated from the wafer 30 is coupled to one of the plurality of
optoelectronic modules 1000 separated from the bonded wafers 10 and 20 by engaging the
coupling and aligning structure 120 of one of the optical connectors 100 with the alignment

structure 210 of one of the optoelectronic modules 1000.

[0088] The embodiments of the optical connectors 100 shown in Figures 1 to 7 and
optoelectronic modules 1000 shown in Figures 1 to 6 enable to decouple the manufacturing
of optoelectronic modules from the preparation of optical fibers and optical connectors and to
mate both parts later on in a simple manner, possibly by a manual process. The optoelectronic
assemblies shown in Figures 1 to 6 are manufactured by separately producing the micro-optic
wafer 10 comprising alignment structures and integrated optical devices such as lenses, the
optoelectronic wafer 20 comprising the plurality of optoelectronic devices and the wafers 30,

40, 50 with a plurality of structures of optical connectors.

[0089] The advantage of the method for producing optoelectronic assemblies on the basis
of wafer structuring are cost-savings for the mass production of fiber-coupled
optoelectronics. The coupling and aligning structures 110, 120 are produced on wafer-scale
rather than as single elements. This reduces both production and handling costs. Also the
costs for the application of anti-reflective coatings for layering the surface of a

deflecting/reflecting element 130 are much less than for the production of single elements.

[0090] Since the alignment structure 210 is integrated within the optoelectronic module
1000, the module can be placed on a printed circuit board with low precision pick-and-place
machines. The high precision alignment means that coupling efficiency is high on the

average, i.e. the energy per optical bit is low, and that this method is also suitable for low-
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cost coupling of small mode-field diameters, for example for single-mode fibers and/or high-
speed optoelectronic components with small active arca diameter. Since the preparation of
the optical fibers 400 and optical connectors 100 can be completely separated from the
production of the optoelectronics module 1000, both parts can be combined at a third location

without the need for special equipment for fiber-optic production.

[0091] Many modifications and other embodiments set forth herein will come to mind to
one skilled in the art to which the embodiments pertain having the benefit of the teachings
presented in the foregoing descriptions and the associated drawings. Therefore, it is to be
understood that the description and the claims are not to be limited to the specific
embodiments disclosed and that modifications and other embodiments are intended to be
included within the scope of the appended claims. It is intended that embodiments cover the
modifications and variations of the embodiments provided they come within the scope of the
appended claims and their equivalents. Although specific terms are employed herein, they are

used in a generic and descriptive sense only and not for purposes of limitation.
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We claim:

1. A method to manufacture an optoelectronic assembly comprising an optical
connector to couple at least one optical fiber to the optoelectronic assembly, an optical
component to change a beam of light in the optoelectronic assembly and an optoelectronic
component to convert the light into an electric signal or to convert the electric signal into the
light, comprising:

providing at least one optical fiber;

providing the optical connector with a material being transparent for the light
transferred in the at least one optical fiber, wherein the optical connector comprises a first
coupling and aligning structure for coupling the at least one optical fiber to the optical
connector and a second coupling and aligning structure for coupling the optical connector to
the optical component;

providing a first wafer with a material being transparent for the light transferred in the
optical fiber;

providing a second wafer comprising a plurality of identical ones of the optoelectronic
component, wherein each of the optoelectronic components comprises a respective
optoelectronic device to convert the light into the electric signal or to convert the electric
signal into the light;

structuring the first wafer to provide a plurality of identical ones of the optical
components with a respective alignment structure being formed to couple the respective
optical component to the optical connector;

stacking and aligning the first and second wafer so that the light coupled in the
respective alignment structure of the optical components of the first wafer is focused on a
respective active area of the optoelectronic devices of the second wafer;

bonding the first and the second wafer on top of each other;

separating the bonded first and second wafer into a plurality of the optoelectronic
modules, wherein each of the optoelectronic modules comprises one of the optoelectronic
components and one of the optical components;

coupling the at least one optical fiber to the optical connector; and

coupling the optical connector to one of the plurality of the separated optoelectronic
modules by coupling the second coupling and aligning structure of the optical connector to

the alignment structure of said one of the separated optoelectronic modules.

2. The method of claim 1, further comprising:
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structuring the first wafer so that the respective alignment structure of the optical
components on the first wafer is formed with a surface being configured to engage with the

second coupling an aligning structure of the optical connector.

3. The method of claim 2, further comprising:
structuring the first wafer so that each of the optical components is provided with a respective
optical device, wherein each of the optical devices is configured to focus the beam of the
light to the respective active areas of the optoelectronic devices in a state in which the first

and the second wafers are aligned to each other.

4. The method of any one of claims 1 to 3, further comprising:

providing a third wafer with a material being transparent for the light transferred in
the at least one optical fiber;

structuring the third wafer to provide a plurality of identical ones of the optical
connector, wherein each of the optical connectors is provided with a respective one of the
first coupling and aligning structure for coupling the at least one optical fiber to the
respective optical connector and with a respective one of the second coupling and aligning
structure for coupling a respective one of the optical components to the respective optical
connector;

separating the third wafer into a plurality of the optical connectors, wherein each of
the optical connectors comprises a respective one of the first coupling and aligning structure
and a respective one of the second coupling and aligning structure;

coupling the at least one optical fiber to one of the separated optical connectors;

coupling one of the plurality of the separated optical connectors to said one of the
plurality of the separated optoeclectronic modules by engaging the second coupling and
aligning structure of said one of the separated optical connectors with the alignment structure

of said one of the separated optoelectronic modules.

5. The method of claim 4, further comprising:
structuring the third wafer so that the respective first coupling and aligning structure
of the optical connectors is formed with a respective surface for coupling the light between

the at least one optical fiber and the respective optical connector;
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structuring the third wafer so that the respective second coupling and aligning
structure of the optical connectors is formed with a respective surface for coupling light
between the respective optical component and the respective optical connector; and

structuring the third wafer so that each of the optical connectors is provided with a
respective optical path for transferring light in the respective optical connector between the
respective surface of the first coupling and aligning structure of the optical connectors and the

respective surface of the second coupling and aligning structure of the optical connectors.

6. The method of claim 5, further comprising:

structuring the third wafer so that the respective surface of the optical connectors is
formed to keep a beam of the light coupled in/out of the respective optical connector at the
respective surface of the second coupling and aligning structure of the optical connectors

unchanged.

7. The method of either of claims 5 or 6, further comprising:
structuring the third wafer so that the respective surface of the second coupling and
aligning structure of the optical connectors on the third wafer is formed to engage with the

respective alignment structure of the optical components on the first wafer.

8. The method of any one of claims 1 to 7, further comprising:

structuring the third wafer so that each of the optical connectors is formed with a
respective surface of a deflecting/reflecting element of the optical connectors being
configured to deflect/reflect the light striking the respective surface of the
deflecting/reflecting element of the optical connectors from one of the respective surface of
the first and the second coupling and aligning structure of the optical connectors in a
direction towards the respective surface of the other one of the first and the second coupling

and aligning structure of the optical connectors.
9. The method of claim 8, further comprising:
layering the respective surface of the deflecting/reflecting element of the optical

connectors with a respective reflective coating.

10. The method of any one of claims 1 to 3, further comprising:

-28 -



WO 2014/120586 PCT/US2014/013100

providing a fourth wafer and a fifth wafer each with a material being transparent for
the light transferred in the at least one optical fiber;

structuring the fourth wafer to provide a plurality of identical ones of the first
coupling and aligning structure, wherein each of the first coupling and aligning structures is
configured for coupling the at least one optical fiber to a respective one of the first coupling
and aligning structures;

structuring the fifth wafer to provide a plurality of identical ones of the second
coupling and aligning structure, wherein each of the second coupling and aligning structures
is configured for coupling the respective second coupling and aligning structure to a
respective one of the alignment structures of the optical components;

structuring the fifth wafer to provide a plurality of identical ones of optical devices to
change the beam of the light, wherein each one of the optical devices is configured as a lens
to direct the beam of light towards the respective second coupling and aligning structure;

stacking and aligning the fourth and fifth wafer so that the light coupled in a
respective one of the first coupling and aligning structures of the fourth wafer strikes a
respective one of the optical devices of the fifth wafer;

bonding the fourth and the fifth wafer on top of each other;

separating the bonded fourth and fifth wafer into a plurality of the optical connectors,
wherein each of the optical connectors comprises one of the first coupling and aligning
structures and one of the optical devices and one of the second coupling and aligning

structures.

11.  An optical connector to couple at least one optical fiber to an optoelectronic
assembly, comprising:

a first coupling and aligning structure for coupling the at least one optical fiber to the
optical connector, said first coupling and aligning structure having a surface for coupling
light between the at least one optical fiber and the optical connector, said surface of the first
coupling and aligning structure being configured to attach the at least one optical fiber to the
first coupling and aligning structure and to couple light in and/or out of the optical connector,
said surface of the first coupling and aligning structure being formed such that, in a state of
the optical connector in which the at least one optical fiber is attached to the surface of the
first coupling and aligning structure, the at least one optical fiber is aligned in relation to the
optical comnector to couple light between the surface of the first coupling and aligning

structure and the at least one optical fiber;
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a second coupling and aligning structure for coupling the optical connector to an
optoelectronic module including an optoelectronic device to convert light into an electric
signal or to convert the electric signal into the light, said second coupling and aligning
structure being configured to engage with an alignment structure of the optoelectronic
module, said second coupling and aligning structure having a surface for coupling the light
between the optoelectronic module and the optical connector, said surface of the second
coupling and aligning structure being formed such that, in a state of the optical connector in
which the second coupling and aligning structure is engaged with the alignment structure of
the optoelectronic module, the optoelectronic module is aligned in relation to the optical
connector to couple the light between the surface of the second coupling and aligning
structure and the optoelectronic module and a beam of the light coupled between the
optoelectronic module and the optical connector is kept unchanged by the surface of the
second coupling and aligning structure;

wherein the optical connector is configured to provide an optical path between the
surface of the first coupling and aligning structure and the surface of the second coupling and
aligning structure to transfer light coupled in the optical connector at the surface of the first
coupling and aligning structure to the surface of the second coupling and aligning structure
and to transfer light coupled in the optical connector at the surface of the second coupling and

aligning structure to the surface of the first coupling and aligning structure.

12. The optical connector of claim 11,
wherein the surface of the second coupling and aligning structure is formed to engage with

the alignment structure of the optoelectronic module.

13. The optical connector of claims 11 or 12, further comprising:

a first material block, wherein a part of the first material block is structured to form
the first coupling and aligning structure in the material of the first material block;

a second material block, wherein a first part of the second material block is structured
to form the second coupling and aligning structure and a second part of the second material
block is structured to form an optical element in the material of the second material block,
wherein the optical element is configured to direct the beam of the light towards the second
coupling and aligning structure;

wherein the first and second material blocks are stacked on top of each other.
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14.  An optoelectronic assembly, comprising:

the optical connector of any one of the claims 11 to 13;

the optoelectronic module including the optoelectronic device to convert light into an
electric signal or to convert the electric signal into the light;

wherein the optoelectronic module comprises a first material block and a second
material block including the optoelectronic device to convert the light into the electric signal
or to convert the electric signal into the light;

wherein a first part of the first material block is structured to form the alignment
structure of the optocelectronic module to engage with the surface of the second coupling and
aligning structure of the optical connector and a second part of the first material block is
structured to form an optical device to direct a beam of the light towards an active area of the
optoelectronic device;

wherein the first and second material block of the optoelectronic module are stacked
on top of each other such that the surface of the second coupling and aligning structure of the
optical connector engages with the alignment structure of the first part of the first material

block of the optoelectronic module.

15.  The optoelectronic assembly of claim 14,

wherein the first material block of the optoelectronic module comprises a surface
being configured to couple the light in and/or out of the optoelectronic module;

wherein the second coupling and aligning structure of the optical connector and the
alignment structure of the first part of the first material block of the optoelectronic module
are configured such that the optical connector and the optoelectronic module are aligned to
each other so that the light coupled out of the surface of the second coupling and aligning
structure of the optical connector is coupled in the surface of the first material block of the
optoelectronic module and the light coupled out of the surface of the first material block of
the optoelectronic module is coupled in the surface of the second coupling and aligning
structure of the optical connector;

wherein the first material block of the optoelectronic module is configured to provide
an optical path to transfer light between the surface of the alignment structure of the first
material block of the optoelectronic module and the optical device of the first material block

of the optoelectronic module;
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wherein the optical device of the first material block of the optoelectronic module is
configured as a lens to focus the light to the active area of the optoelectronic device or to
focus the light from the active area of the optoelectronic device to the surface of the second

coupling and aligning structure of the optical connector.
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