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ABSTRACT

An embodiment of the present invention relates to an
optoelectronic device comprising an optoelectronic compo

nent, a waveguide having an optical waveguide section and
an electrical conductor section, the optical waveguide sec
tion being transparent for radiation of a given wavelength or
a given wavelength range and capable of guiding the radia
tion along the longitudinal axis of the waveguide, wherein

the optical waveguide section is optically butt-coupled to an
optical Surface section of the optoelectronic component, and
wherein the electrical conductor section is mechanically
butt-coupled to an electrical contact of the optoelectronic
component.

20 Claims, 4 Drawing Sheets
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case, each of these electrical contacts is preferably coupled

OPTOELECTRONIC DEVICE

to an individual electrical conductor section of the wave

The present invention relates to optoelectronic devices.
BACKGROUND OF THE INVENTION

The publication “Compact cryogenic self-aligning fiber
to-detector coupling with losses below one percent” (A. J.
Miller, A. E. Lita, B. Calkins, I. Vayshenker, S. M. Gruber,
S. W. Nam; Optics Express, 9102, 9 May 2011, Vol. 19 No.
10, Optical Society of America) discloses a packaging
technique for coupling light from a single-mode telecom
munication fiber to cryogenic single-photon sensitive
devices.

10
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Objective of the Present Invention
An objective of the present invention is to provide an
optoelectronic device which allows connecting an optoelec
tronic component of the optoelectronic device to external
components in an efficient and reliable way.
BRIEF SUMMARY OF THE INVENTION
25

An embodiment of the present invention relates to an
optoelectronic device comprising an optoelectronic compo
nent, a waveguide having an optical waveguide section and
an electrical conductor section, the optical waveguide sec
tion being transparent for radiation of a given wavelength or
a given wavelength range and capable of guiding the radia
tion along the longitudinal axis of the waveguide, wherein
the optical waveguide section is optically butt-coupled to an
optical Surface section of the optoelectronic component, and
wherein the electrical conductor section is mechanically
butt-coupled to an electrical contact of the optoelectronic

35

An advantage of this embodiment of the invention is that
the waveguide has both an optical waveguide section and an
electrical conductor section. Therefore, the electrical and

40

connection and the electrical connection.

45

The optical waveguide section is preferably an inner
section of the waveguide, and the electrical conductor sec
tion is preferably an outer section of the waveguide.
The inner optical waveguide section may be an optical
fiber. Alternatively, the inner optical waveguide section may
be formed by a bundle of optical fibers.
The electrical conductor section may be a metal sleeve
that Surrounds the inner optical waveguide section. Alterna
tively, the waveguide may comprise two or more electrical

50

conductor sections which are located at the outer surface of

55

optical coupling of the optoelectronic component to an
external device may be achieved in a single step by coupling
the waveguide to the optoelectronic component. In other
words, a single butt-coupling step provides both the optical

or more electrical contacts which are located on the same

side (e.g. front side) of the optoelectronic component. In this

as an external conductor.

The housing is preferably tubular. In this case, the first and
second openings are preferably located at opposing ends of
the tubular housing, wherein the optical Surface section and
the electrical contact of the optoelectronic component face
the first opening of the tubular housing, and the second
electrical contact of the optoelectronic component faces the
second opening of the tubular housing.
Further, dielectric material may be located inside the
tubular housing. In this case, it is advantageous if the
dielectric material radially positions the optoelectronic com
ponent inside the housing.
The optoelectronic device may comprise a tubular sleeve
which is located between the dielectric material and the

30

component.

the optical waveguide section. The electrical conductor
sections are preferably separated from one another and are
each capable of guiding electrical current along the longi
tudinal axis of the waveguide.
The optical Surface section and the electrical contact are
preferably located on the same side (e.g. front side) of the
optoelectronic component. A second electrical contact of the
optoelectronic component may be located on the opposite
side (e.g. backside) of the optoelectronic component.
Further, the optoelectronic component may comprise two

guide.
The optoelectronic device preferably comprises a housing
having a first opening and a second opening. The optoelec
tronic component is preferably located inside the housing.
In the latter embodiment, the optical waveguide section of
the waveguide preferably passes through the first opening.
The above mentioned second electrical contact of the opto
electronic device is preferably contacted through the second
opening.
The housing is preferably electrically conductive. This
allows electrically connecting the housing to the electrical
conductor section of the waveguide and to use the housing

60
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optoelectronic component. The tubular sleeve may hold the
optoelectronic component inside the housing.
According to a preferred embodiment, the optoelectronic
device comprises a tubular housing having a first end and a
second end, the first and second ends being opposite to each
other, wherein the optical surface section and the electrical
contact of the optoelectronic component face the first end of
the tubular housing, and wherein a second electrical contact
of the optoelectronic component faces the second end of the
tubular housing.
In the latter embodiment, it is advantageous if the opto
electronic device comprises an inner conductor which is
connected to the second electrical contact of the optoelec
tronic component and located between the second electrical
contact of the optoelectronic component and the second end
of the tubular housing. The inner conductor and the tubular
housing preferably form an electrical coaxial transmission
line between the second electrical contact of the optoelec
tronic component and the second end of the tubular housing.
The inner conductor, the waveguide and the tubular
housing are preferably aligned in coaxial relation.
According to another preferred embodiment, the opto
electronic device comprises a housing which is electrically
conductive and electrically connected to the electrical con
ductor section of the waveguide. The housing may comprise
a first opening which forms an optical interface of the
optoelectronic device, and a second opening which forms an
electrical interface of the optoelectronic device.
The electrical interface of the optoelectronic device pref
erably comprises a first electrical contact and a second
electrical contact, wherein the first electrical contact is

formed by an inner conductor which is located between the
second opening and the optoelectronic component, and
wherein the second electrical contact is formed by the
housing. The inner conductor is preferably located coaxially
inside the housing.
Further, the housing preferably comprises a thread adja
cent to the first opening. The thread may hold a cap which
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aligns the waveguide relative to the housing and electrically
connects the housing with the electrical conductor section of
the waveguide.
Additionally or alternatively, the housing may comprise a
thread adjacent to the second opening. The thread may be
configured to hold a connector of an external coaxial trans
mission line.
BRIEF DESCRIPTION OF THE DRAWINGS
10

An inner conductor 70 is connected to the second elec

In order that the manner in which the above-recited and

other advantages of the invention are obtained will be
readily understood, a more particular description of the
invention briefly described above will be rendered by ref
erence to specific embodiments thereof which are illustrated
in the appended figures. Understanding that these figures
depict only typical embodiments of the invention and are
therefore not to be considered to be limiting of its scope, the
invention will be described and explained with additional
specificity and detail by the use of the accompanying
drawings in which
FIG. 1 shows an exemplary embodiment of an optoelec
tronic device according to the present invention in a sche
matic representation; and
FIGS. 2-7 show different exemplary embodiments of a
waveguide Suitable for the optoelectronic device according

4
A dielectric material 50 separates the tubular sleeve 40
from a housing 60 and holds the tubular sleeve 40 coaxially
inside the housing 60. The housing 60 is tubular and consists
of conductive material, e.g. a metal.
The housing 60 has a first opening 61 at a first end of the
tubular housing, and a second opening 62 at a second end of
the tubular housing. As will be apparent hereinafter, the first
opening 61 forms an optical interface of the optoelectronic
device 10, and the second opening 62 forms an electrical
interface of the optoelectronic device 10.
trical contact 23 of the optoelectronic component 20 and
located between the second electrical contact 23 and the

15

second opening 62 of the tubular housing 60. The inner
conductor 70 and the tubular housing 60 form an inner
electrical coaxial transmission line 80 between the second

electrical contact 23 of the optoelectronic component 20 and
the second opening 62 of the tubular housing 60.
In order to allow for a connector 90 of an external coaxial
transmission line 100 to be connected to the inner electrical

25

coaxial transmission line 80, the housing 60 comprises a
thread 63 adjacent to the second opening 62. The thread 63
allows screwing the connector 90 onto the housing 60.
The waveguide 30 connects the first opening 61 with the
first electrical contact 22 and the optical surface section 21
of the optoelectronic component 20. To this end, the wave
guide 30 has an optical waveguide section 31 and an
electrical conductor section 32.

to FIG 1.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The preferred embodiments of the present invention will
be best understood by reference to the drawings, wherein
identical or comparable parts are designated by the same
reference signs throughout.
It will be readily understood that the present invention, as
generally described herein, could vary in a wide range. Thus,
the following more detailed description of the exemplary
embodiments of the present invention, is not intended to
limit the scope of the invention, as claimed, but is merely
representative of presently preferred embodiments of the

30
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invention.

FIG. 1 shows an exemplary embodiment of an optoelec
tronic device 10 according to the present invention.
The optoelectronic device 10 comprises an optoelectronic
component 20 which has an optical Surface section 21, a first

45

electrical contact 22 and a second electrical contact 23. The

optoelectronic component 20 may be a radiation emitter
(e.g. a LED or laser) or a radiation detector.
The optical surface section 21 and the first electrical
contact 22 are located on the same side, e.g. the front side,
of the optoelectronic component 20. The second electrical
contact 23 is located on the opposite side, e.g. the backside,
of the optoelectronic component 20. A waveguide 30 is
butt-coupled to the front side of the optoelectronic compo

50

55

of the optoelectronic component 20, the optoelectronic
component 20 may be electrically operated through the
second opening 62 and therefore via the external coaxial
transmission line 100. The first opening 61 of the housing 60
then serves as the optical interface of the optoelectronic
device 10.

The optoelectronic device 10 may be fabricated as fol
lows:
The tubular sleeve 40 is inserted into a hole in the
60

The inner diameter or cross-section of the tubular sleeve

40 corresponds to or equals the outer diameters or cross
sections of the optoelectronic component 20 and the wave
guide 30 in order to allow an automatic self-alignment
between the optoelectronic component 20 and the wave
guide 30 relative to each other when the waveguide 30 is
butt-coupled to the optoelectronic component 20.

first electrical contact 22, the electrical conductor section 32

is preferably formed by a metal sleeve which surrounds the
inner optical waveguide section 31.
The housing 60 further comprises a thread 64 for mount
ing a cap 130. The cap consists of conductive material Such
as a metal, for instance. The cap 130 electrically connects
the electrical conductor section 32 of the waveguide 30 with
the housing 60 and therefore with the connector 90 of the
external coaxial transmission line 100.
Since the external coaxial transmission line 100 is con
nected to the first and second electrical contacts 22 and 23

nent 20.

The optoelectronic component 20 is located in and held
by a tubular sleeve 40. The tubular sleeve 40 consists of
insulating material Such as a ceramic material, for instance.

The optical waveguide section 31 is transparent for radia
tion of a given wavelength or a given wavelength range and
capable of guiding the radiation along the longitudinal axis
of the waveguide 30. The optical waveguide section 31 is
optically butt-coupled to the optical surface section 21 of the
optoelectronic component 20.
In the exemplary embodiment shown in FIG. 1, the first
electrical contact 22 of the optoelectronic component 20 is
formed by a metal ring which surrounds the inner optical
surface section 21. In order to allow a butt-coupling of the
electrical conductor section 32 of the waveguide 30 with the

dielectric material 50. The hole is preferably positioned
coaxially inside the tubular housing 60. Then, the optoelec
tronic component 20 is inserted and positioned inside the
sleeve 40.

65

By butt-coupling the waveguide 30 with the front side
(i.e. the first electrical contact 22 and the optical interface
section 21) of the optoelectronic component 20, the opto
electronic component 20 is electrically as well as optically
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connected to the first opening 61 of the housing 60 at the
same time. In other words, a single mounting step provides
an electrical and an optical connection with the first opening

50 dielectric material

61 first opening
62 second opening

61.
Since the inner diameter or cross-section of the tubular

5

sleeve 40 corresponds to or equals the outer diameters or
cross-sections of the optoelectronic component 20 and the
waveguide 30, an automatic self-alignment between the
optoelectronic component 20 and the waveguide 30 is
achieved as soon as the waveguide 30 has been inserted into

10

The second electrical contact 23 of the optoelectronic
component 20 is electrically connected to the second open
ing 62 of the housing 60 via the inner conductor 70 of the
15

The waveguide 30 may be used to mechanically press the
optoelectronic component towards the inner conductor 70 in
order to provide for a reliable electrical connection between
these components.
FIG. 2 shows in an exemplary fashion a waveguide 30
which can be used to contact the optoelectronic component
20 of FIG. 1. The waveguide 30 comprises a fiber 310 which
forms the inner optical waveguide section 31 in FIG. 1, and
25

FIG. 3 shows in an exemplary fashion a further embodi
ment of a waveguide 30 which can be used to contact the
optoelectronic component 20 of FIG. 1. The waveguide 30
comprises a fiber bundle 311 which forms the inner optical
waveguide section 31 in FIG. 1, and a metal sleeve 320

30

which forms the electrical conductor section 32 in FIG. 1.

35

electrical contacts on the front side.

FIG. 4 shows an exemplary embodiment of a waveguide
30 in case that the optoelectronic component 20 has four
electrical contacts on its front side which are shaped as ring
segments. The waveguide 30 of FIG. 3 comprises four outer
ring segments 321, 322, 323, and 324 which are each
electrically conductive and formed to match the four elec
trical contacts on the front side of the optoelectronic com
ponent 20.
FIG. 5 shows a further exemplary embodiment of a
waveguide 30 in case that the optoelectronic component 20
has four electrical contacts on its front side which are shaped
as ring segments. The waveguide 30 of FIG. 5 comprises
four outer ring segments 321, 322, 323, and 324 which are
each electrically conductive and each capable of connecting

321 outer ring segment
322 outer ring segment
323 outer ring segment
324 outer ring segment
325 inner electrical conductor section
326 inner electrical conductor section
The invention claimed is:

a metal sleeve 320 which forms the electrical conductor
Section 32 in FIG. 1.

The optoelectronic component 20 of FIG. 1 may alterna
tively have more than one electrical contact on its front side.
FIGS. 4-7 show embodiments of waveguides 30 which are
suitable for optoelectronic components with a plurality of

310 optical fiber
311 fiber bundle
320 metal sleeve

the sleeve 40.

inner coaxial transmission line 80.

63 thread
64 thread
70 inner conductor
80 inner electrical coaxial transmission line
90 connector
100 external coaxial transmission line

1. Optoelectronic device comprising
an optoelectronic component, and
a waveguide having both an optical waveguide section
and an electrical conductor section, the optical wave
guide section being transparent for radiation of a given
wavelength or a given wavelength range and capable of
guiding the radiation along the longitudinal axis of the
waveguide,
wherein the optical waveguide section is optically butt
coupled to an optical Surface section of the optoelec
tronic component, and
wherein the electrical conductor section of the waveguide
is mechanically butt-coupled to an electrical contact of
the optoelectronic component.
2. Optoelectronic device of claim 1
wherein the optical waveguide section is an inner section
of the waveguide, and
wherein the electrical conductor section is an outer sec

40

tion of the waveguide.
3. Optoelectronic device of claim 2
wherein the inner optical waveguide section is an optical
fiber or formed by a bundle of optical fibers.
4. Optoelectronic device of claim 2
wherein the electrical conductor section is a metal sleeve

45

that Surrounds the inner optical waveguide section.
5. Optoelectronic device of claim 2
wherein the waveguide comprises two or more electrical
conductor sections which are located at the outer Sur

face of the optical waveguide section,
wherein the electrical conductor sections are separated
50

from one another, and

one of the four electrical contacts on the front side with the

wherein each of the electrical conductor sections is

first opening 61 of the housing 60. A fiber bundle 311 forms
an inner optical waveguide section of the waveguide 30.
FIGS. 6 and 7 show exemplary embodiments of a wave
guide 30 where optical waveguide sections 312 and 313 and

capable of guiding electrical current along the longitu
dinal axis of the waveguide.
6. Optoelectronic device of claim 5
wherein the optoelectronic component comprises two or

55

more electrical contacts which are located on the same

electrical conductor sections 325 and 326 are each inner

side of the optoelectronic component, and

sections of the waveguide 30.

wherein each of the electrical conductor sections of the

waveguide is electrically and mechanically coupled to

REFERENCE NUMERALS
60

10 optoelectronic device
20 optoelectronic component
21 optical Surface section
22 first electrical contact
23 second electrical contact

30 waveguide
40 tubular sleeve

65

one of these electrical contacts.

7. Optoelectronic device of claim 1
wherein the optical surface section and the electrical
contact are located on the same side of the optoelec
tronic component, and
wherein a second electrical contact of the optoelectronic
component is located on the opposite side of the
optoelectronic component.
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8. Optoelectronic device of claim 7

wherein the optoelectronic device comprises a housing
having a first opening and a second opening,
wherein the optoelectronic component is located inside
the housing,
wherein the optical waveguide section of the waveguide
passes through the first opening and
wherein the second electrical contact of the optoelectronic
device is contacted through the second opening.

9. Optoelectronic device of claim 8
wherein the housing is electrically conductive and elec
trically connected to the electrical conductor section of
the waveguide.
10. Optoelectronic device of claim 8
wherein the housing is tubular,
wherein the first and second openings are located at
opposing ends of the tubular housing,
wherein the optical surface section and the electrical
contact of the optoelectronic component face the first
opening of the tubular housing, and
wherein the second electrical contact of the optoelectronic
component faces the second opening of the tubular
housing.
11. Optoelectronic device of claim 1
wherein the optoelectronic device comprises a tubular
housing and dielectric material located therein,
wherein the dielectric material radially positions the opto
electronic component inside the housing.
12. Optoelectronic device of claim 11
wherein the optoelectronic device comprises a tubular

5

10

15

nected to the electrical conductor section of the wave

guide,
and

device.

25

30

and the optoelectronic component.

14. Optoelectronic device of claim 13

second electrical contact of the optoelectronic compo
nent and the second end of the tubular housing.
15. Optoelectronic device of claim 14
wherein the inner conductor, the waveguide and the
tubular housing are aligned coaxially.
16. Optoelectronic device of claim 1
wherein the optoelectronic device comprises a housing
which is electrically conductive and electrically con

wherein the housing comprises a second opening which
forms an electrical interface of the optoelectronic

13. Optoelectronic device of claim 1

wherein the optoelectronic device comprises an inner
conductor which is connected to the second electrical
contact of the optoelectronic component and located

an electrical coaxial transmission line between the

wherein the housing comprises a first opening which
forms an optical interface of the optoelectronic device,

sleeve which is located between the dielectric material

wherein the optoelectronic device comprises a tubular
housing having a first end and a second end, the first
and second ends being opposite to each other,
wherein the optical surface section and the electrical
contact of the optoelectronic component face the first
end of the tubular housing, and
wherein a second electrical contact of the optoelectronic
component faces the second end of the tubular housing.

8
between the second electrical contact of the optoelec
tronic component and the second end of the tubular
housing, and
wherein the inner conductor and the tubular housing form

35
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17. Optoelectronic device of claim 16
wherein the electrical interface of the optoelectronic
device comprises a first electrical contact and a second
electrical contact,

wherein the first electrical contact is formed by an inner
conductor which is located between the second opening
and the optoelectronic component, and
wherein the second electrical contact is formed by the
housing.
18. Optoelectronic device of claim 17
wherein the inner conductor is located coaxially inside the
housing.
19. Optoelectronic device of claim 16
wherein the housing comprises a thread adjacent to the
first opening, the thread holding a cap which aligns the
waveguide relative to the housing and electrically con
nects the housing with the electrical conductor section
of the waveguide.
20. Optoelectronic device of claim 16
wherein the housing comprises a thread adjacent to the
second opening, the thread holding a connector of an
external coaxial transmission line.

