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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an optical cou-
pler module having an optical waveguide structure, and
more particularly to areceiver module, a transmitter mod-
ule or a transceiver module having the optical waveguide
structure for converting and transmitting optical/electrical
signals with total internal reflection phenomenon.

BACKGROUND OF THE INVENTION

[0002] Conventionally, copper wires are widely used
for transmitting electrical signals or data between differ-
entcomponents in a cheap and convenientway. Ina high
performance electronic system, since more and more
processors are provided and the signal processing speed
upgrades, itis importantto enhance the quality and speed
of transmitting the signals and data between the proces-
sors. However, the conventional copper wires fail to meet
these requirements.

[0003] Compared with the electrical signals, optical
signals can be transmitted over longer distances and at
higher bandwidths. Therefore, optical connection is
much emphasized nowadays, and the optical transmis-
sion gradually replaces the electrical transmission. For
example, with development of light emitting diodes
(LEDs) and semiconductor laser, light becomes suitable
to be a transmission medium. An optical coupler device
may be used to convert electrical signals into optical sig-
nals, convert optical signals into electrical signals, and
emitand receive the electrical signals and optical signals.
The optical coupler device includes for example an opti-
cal emitter or a light source unit for emitting optical sig-
nals, an optical receiver or a light-detecting unit for re-
ceiving optical signals, or a driver circuit or an amplifier
circuit for driving these units or amplifying these signals.
The optical emitter and the optical receiver are usually
packaged in a coupler module and there is no electrical
or physical connection therein. In other words, the elec-
trical interference is eliminated as much as possible for
the optical coupler device.

[0004] An optical coupler device has been described
in US patent No. 7,306,378. Please refer to FIG. 1A, a
cross-sectional view illustrating the optical coupler de-
vice 101. The optical coupler device 101 1 includes a
trench 105 defined in a semiconductor substrate 103. A
reflector 107 is defined at a first end of the trench 105,
and there is an angle between the reflector 107 and the
lengthwise direction of the trench 105. An optical fiber
109 is disposed in the trench 105 at a second end of the
trench 105. An optical device 111 is mounted on the sem-
iconductor substrate 103 proximate to the trench 105
such that the optical device 111 is optically coupled to
the optical fiber 109 via the reflector 107. The optical
device 111 may be an optical emitter for outputting optical
signals 113 or an optical receiver for receiving optical
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signals 113.

[0005] The semiconductor substrate 103 is mounted
on a printed circuit board (PCB) 115 including contacts
117 which are electrically coupled to the semiconductor
substrate 103. A circuit 125 is included in another sem-
iconductor substrate 127 which is mounted on the sem-
iconductor substrate 103 by contacts 131. The circuit 125
candrive or control the optical device 111 to convert elec-
trical signals 119 from the contacts 117 into optical sig-
nals 113. The optical signals 113 are reflected by the
reflector 107 and outputted through the optical fiber 109.
In a reverse direction, the optical signals 113 inputted
from the optical fiber 109 are reflected by the reflector
107 and received by the optical device 111. The optical
signals 113 are converted into electrical signals 119 to
be outputted through the contacts 117. Alid 133 is mount-
ed over the semiconductor substrate 103 and encloses
the optical device 111. The lid 133 protects the enclosed
items.

[0006] A plurality of corresponding optical devices 111,
trenches 105 and optical fibers 109 may be included in
an optical coupler device 101. As shown in FIG. 1B, two
optical coupler devices 101a and 101b, each including a
plurality of corresponding optical devices 111, trenches
105 and optical fibers 109, are connected to each other
through the representative optical fibers 109a and 109b
to achieve signal transmission.

[0007] However, itis difficult to dig fine trenches in the
semiconductor substrate. It is also difficult to dispose the
opticalfibers in the fine trenches. A slight error may affect
the optical transmission because the light cannot travel
in the optical coupler device precisely. An optical trans-
mission module without fine trenches is shown in U.S.
patent application US 2010/0067915 A1. Since both the
substrate 300 and optical transmission path 309 are
made from polymer materials, it is not easy to integrate
the process for the optical part with the process for the
electrical part. U.S. patent applications US 20060067608
A1 and US 20080181561 A1 and U.S. patent US
5764832 A disclose further optical coupler devices or as-
semblies.

[0008] Therefore, thereisaneed of providing an optical
coupler module which can be manufactured easily with-
out complicated assembling and aligning action in order
to obviate the drawbacks encountered from the prior art.

SUMMARY OF THE INVENTION

[0009] In accordance with an aspect of the present in-
vention, there is provided an optical coupler module. The
optical coupler module converts and transmits an elec-
trical signal or an optical signal, and includes a semicon-
ductor substrate, a first film, a second film, an electrical
transmission unit, at least one signal conversion unitand
an optical waveguide structure. The first film and the sec-
ond film are formed on opposite surfaces of the semicon-
ductor substrate. The electrical transmission unit is
mounted on the first film and responsible for transmitting
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electrical signals. The signal conversion unit is mounted
on and electrically connected to the electrical transmis-
sion unit for converting the electrical signal or the optical
signal. The optical waveguide structure formed on the
second film has a reflector and a waveguide body. The
optical signal generated from the signal conversion unit
sequentially passes the first film, the semiconductor sub-
strate and the second film and enters the optical
waveguide structure. Then, the optical signal is reflected
by the reflector and transmitted in the waveguide body
to be outputted. Alternatively, the optical signal is trans-
mitted in a reverse direction from the optical waveguide
structure to the signal conversion unit.

[0010] In accordance with another aspect of the
present invention, there is provided another optical cou-
pler module. The optical coupler module converts and
transmits an electrical signal or an optical signal, and
includes a semiconductor substrate, a first film, a second
film, a control circuit, at least one signal conversion unit
and at least one optical waveguide structure. The first
film and the second film are formed on opposite surfaces
of the semiconductor substrate. The control circuit with
operation function is mounted on the first film and adja-
centtothe firstfilm. The signal conversion unitis mounted
above the first film and electrically connected to the con-
trol circuit for converting the electrical signal or the optical
signal. The optical waveguide structure formed on the
second film has a reflector and a waveguide body. The
optical signal generated from the signal conversion unit
sequentially passes the first film, the semiconductor sub-
strate and the second film and enters the optical
waveguide structure. Then, the optical signal is reflected
by the reflector and transmitted in the waveguide body
to be outputted. Alternatively, the optical signal is trans-
mitted in a reverse direction from the optical waveguide
structure to the signal conversion unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Theabove contents of the presentinvention will
become more readily apparent to those ordinarily skilled
inthe art after reviewing the following detailed description
and accompanying drawings, in which:

[0012] FIG. 1A is a cross-sectional view illustrating a
conventional optical coupler device;

[0013] FIG. 1B is a schematic diagram showing the
connection between two optical coupler devices;
[0014] FIG. 2A s a cross-sectional view illustrating an
embodiment of a transmitter module according to the
present invention;

[0015] FIG.2Bisschematicdiagram showing light path
of the optical signals in the transmitter module of FIG. 2A;
[0016] FIG. 3Ais a cross-sectional view illustrating the
profile of the optical waveguide structure in FIG. 2A;
[0017] FIG. 3B is a perspective view showing the bot-
tom of the transmitter module of FIG. 2A;

[0018] FIG. 4 is a perspective view illustrating the
transmitter module according to the present invention;
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[0019] FIG. 5 is a cross-sectional view illustrating an
embodiment of a receiver module according to the
present invention;

[0020] FIG. 6 is a schematic diagram showing the op-
tical connection between the transmitter module and the
receiver module according to the present invention;
[0021] FIGs. 7A~7D are schematic diagrams showing
different modified embodiments of the transmitter mod-
ules according to the present invention;

[0022] FIG. 8A s a cross-sectional view illustrating an-
other modified embodiment of the transmitter module of
FIG. 2A according to the present invention;

[0023] FIG. 8B is a perspective diagram illustrating a
connector for the optical coupler module of the present
invention;

[0024] FIG. 8C is a schematic diagram showing the
coupling of the connector of FIG. 8B to a transmission
interface according to the present invention;

[0025] FIG.9is aschematic diagram showing the cou-
pling of an optical fiber to the transmitter module accord-
ing to the present invention;

[0026] FIG. 10A is a schematic diagram showing the
optical connection between a transmitter module and a
receiver module according to the present invention; and
[0027] FIG. 10B is a schematic diagram showing the
optical connection between a transmitter module and a
chip according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0028] The present invention will now be described
more specifically with reference to the following embod-
iments. It is to be noted that the following descriptions of
preferred embodiments of this invention are presented
herein for purpose of illustration and description only. It
is not intended to be exhaustive or to be limited to the
precise form disclosed.

[0029] From above description, the structure of the
conventional optical coupler device, e.g. transmitter
module and receiver module is too complicated to be
easily and precisely manufactured. The optical transmis-
sion between the optical coupler device and the optical
fiber is possibly affected due to a slight assembly error.
[0030] According to the present invention, an optical
coupler module, e.g. a transmitter module for electrical-
optical signal conversion, a receiver module for optical-
electrical signal conversion or a transceiver module for
both conversions is disclosed. The optical coupler mod-
ule is manufactured by easier semiconductor process
and can be assembled under certain tolerance, but with
excellent quality of signal conversion and transmission.
[0031] Please refer to FIG. 2A, a cross-sectional view
illustrating an embodiment of a transmitter module ac-
cording to the present invention. The transmitter module
2 includes a semiconductor substrate 20, a light source
unit 24 and an optical waveguide structure 26. The sem-
iconductor substrate 20 supports the light source unit 24
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onits surface. Inan embodiment, the semiconductor sub-
strate 20 is a monocrystalline silicon substrate in a form
of double-sided polished silicon-on-insulator (SOI) wafer,
butis not limited to this. The semiconductor substrate 20
should be penetrable to optical signals.

[0032] A first film 21 and a second film 22 are formed
on two opposite surfaces 201 and 202 of the semicon-
ductor substrate 20, respectively. The first film 21 pro-
vides electrical-insulating effect and confines electri-
cal/optical signals to avoid electrical interference in opti-
cal transmission. Since the optical signals travel through
the first film 21 and the second film 22, the films 21 and
22 should be penetrable to optical signals as the semi-
conductor substrate 20. In an embodiment, each of the
films 21 and 22 is a single layer film made of silicon oxide,
which is easily formed on the surface 201 or 202 of the
semiconductor substrate 20 by known technology to as-
sist the transmission of the optical signals. In another
embodiment, each of the films 21 and 22 is a multi-layer
film with anti-reflecting coating. Similarly, the second film
22 may provide electrical-insulating effect and confine
electrical/optical signals. Furthermore, the films 21 and
22 can increase the tolerance of wavelength, angle of
incidence and low polarization dependence.

[0033] Thelightsource unit24 may include alight-emit-
ting diode (LED), a semiconductor laser or a vertical cav-
ity surface emitting laser (VCSEL) capable of emitting
light beams or optical signals in response to electrical
signals. The transmitter module 2 further includes an
electrical transmission unit 23 on the first film 21. The
light source unit 24 is mounted on and electrically con-
nected to the electrical transmission unit 23. The trans-
mitter module 2 may be mounted on or electrically con-
nected to a printed circuit board to allow the transmitter
module 2 toreceive electrical signals 27 to be transmitted
from the printed circuit board.

[0034] Thetransmitter module 2 further includes adriv-
ing circuit 25 mounted on the first film 21 and electrically
connected to the electrical transmission unit 23. The driv-
ing circuit 25 drives the light source unit 24 through the
electrical transmission unit 23 to generate optical signals
28 in response to the electrical signals 27. The light
source unit 24 is mounted on the electrical transmission
unit 23 wherein a portion of the bottom area of the light
source unit 24 touches the electrical transmission unit 23
to achieve the electrical connection.

[0035] In an embodiment, the transmitter module 2
may be implemented by system on chip (SoC) technol-
ogy so that operation function is also integrated into the
chip. For example, the integrated circuit (IC) with opera-
tionfunctionis integrated into the driving circuit 25. There-
fore, the driving circuit 25 may not only drive the light
source unit 24 but also perform operation functionality.
[0036] In an embodiment, the electrical transmission
unit 23 is made of metallic material for transmitting the
electrical signals 27. Furthermore, the metallic material
is advantageous to dissipate heat generated from the
light source unit 24 during the conversion from the elec-
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trical signals 27 into the optical signals 28. The electrical
transmission unit 23 made of metallic material and inter-
faced between the light source unit 24 and the first film
21 may effectively dissipate the heat by conduction or
radiation.

[0037] Since the electrical transmission unit 23 is not
penetrable to optical signals 28, a via hole 230 is formed
on the electrical transmission unit 23 so that the electrical
transmission unit 23 does not obstruct the light path of
the optical signals 28. Therefore, the optical signals 28
can pass the via hole of the electrical transmission unit
23, the first film 21 and the semiconductor substrate 20
for optical transmission. Although a via hole 230 is pro-
vided on the electricaltransmission unit 23, the small size
of the via hole 230 does not affect the heat-dissipation
effect of the electrical transmission unit 23.

[0038] Inanembodiment, the optical waveguide struc-
ture 26 is made of the same silicon material as the sem-
iconductor substrate 20. The optical waveguide structure
26 is formed on the second film 22 and the position of
the optical waveguide structure 26 corresponds to the
position of the light source unit 23 so that the optical sig-
nals 28 provided by the light source unit 24 can enter the
optical waveguide structure 26. The optical waveguide
structure 26 includes a reflector 263 and a waveguide
body 260. The optical signals 28 are reflected by the re-
flector 263 and the reflected optical signals 28 are trans-
mitted along an axial or lengthwise direction of the
waveguide body 260. In practice, the reflector 263 is ar-
ranged at a first end of the optical waveguide structure
26 and corresponds to the light source unit 24 so that the
optical signals 28 can reach the reflector 263.

[0039] In an embodiment, there is an angle of 45° be-
tween the reflector 263 and the second film 22. The 45°
angle may direct the optical signals 28 toan optimaltrans-
mission direction. Preferably, the semiconductor sub-
strate 20, the first film 21, the second film 22 and the
optical waveguide structure 26 are formed in a semicon-
ductor process. Particularly, after the second film 22 is
formed on the second surface 202 of the semiconductor
substrate 20, another silicon layer is formed on the sec-
ond film 22. The silicon layer is partially etched to form
a45° slant surface at the first end 261. Suitable reflective
coating is applied to the slant surface to form the reflector
263. Then, the light source unit 24, the electrical trans-
mission unit 23 and the driving circuit 25 are mounted on
the first film 21 by wafer bonding.

[0040] As described above, the first film 21 and the
second film 22 are dielectric films and penetrable to op-
tical signals. The light source unit 24 emits the optical
signals 28 in a "vertical" direction nearly normal to the
second film 22 or the lengthwise direction of the optical
waveguide structure 26. The optical signals 28 passes
the first film 21, the semiconductor substrate 20 and the
second film 22 to enter the first end 261 of the optical
waveguide structure 26. Then, the optical signals 28 are
reflected by the 45° reflector 263, transmitted by the
waveguide body 260, and outputted from a second end
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262 of the optical waveguide structure 26.

[0041] FIG. 2B shows the light path of the optical sig-
nals 28 in the transmitter module 2. If the optical signals
28 enter the optical waveguide structure 26 at the first
end 261 with an angle of incidence of 45°, the optical
signals 28 are reflected and the reflected light direction
is perpendicular to the incident direction. Therefore, the
light path is parallel with the lengthwise direction of the
waveguide body 260 and little energy loss occurs during
the transmission.

[0042] However, the light source unit 24 does not al-
ways emit "perfect” vertical light, that is, little scatter can-
not be avoided. For example, optical signals 28a and 28b
enter the optical waveguide structure 26 at the first end
261 with little deviation from the perfect optical signals
28. The light paths of the reflected optical signals 28a
and 28b are not parallel with the lengthwise direction of
the waveguide body 260, and the reflected optical signals
28aand 28b willreach the surface of the waveguide body
260. Itisto be noted thatthe angle of incidence is greater
than the critical angel for the interface between the
waveguide body 260 and the second film 22 or the sur-
rounding air. Therefore, total internal reflection occurs
and the optical signals 28a and 28b do not escape from
the waveguide body 260. From the description, it is re-
alized that the index of refraction of the second film 22
and the optical waveguide structure 26 should be taken
into consideration to ensure total internal reflection. In
particular, the index of refraction of the second film 22
should be smaller than that of the optical waveguide
structure 26.

[0043] Please referto FIG. 3A, showing a profile of the
second end 262 of the optical waveguide structure 26.
As shown in FIG. 3A, the optical waveguide structure 26
has two symmetrical lateral surfaces, but is not limited
to this. Please also refer to FIG. 3B showing the bottom
of the transmitter module 2. In general, the optical signals
28 are transmitted to the reflector 263, and total internal
reflection occurs on the top surface and the bottom sur-
face of the waveguide body 260. Therefore, the profile
of the optical waveguide structure 26 has no particular
restriction. Any profile with 45° slant surface for the re-
flector 263 and is easily obtained by an etching step is
practicable.

[0044] As shown in FIG. 3B, there are a plurality of
optical waveguide structures 26, 26a and 26b provided
on the second film 22. In practice, the transmitter module
2 may include more than one light source unit and cor-
responding optical waveguide structure to perform the
optical transmission. In this embodiment, the positions
of the reflectors of the optical waveguide structures 26,
26a and 26b correspond to three light source units, re-
spectively, so that the reflector of each of the optical
waveguide structures 26, 26a and 26b may receive an
optical signal from a corresponding light source unit.
[0045] Please refer to FIG. 4, a perspective view illus-
trating the transmitter module 2. The transmitter module
2 includes four light source units 24, 24a, 24b and 24c
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for emitting optical signals. The four optical waveguide
structures 26, 26a, 26b and 26c provided on the second
film 22 receive optical signals from the corresponding
light source units 24, 24a, 24b and 24c. The electrical
transmission unit23 includes four transmission lines con-
nected to the driving circuit 25. Therefore, the driving
circuit 25 drives the four light source units 24, 24a, 24b
and 24c through the four transmission lines to generate
four optical signals in response to four electrical signals
to be transmitted by the four optical waveguide structures
26, 26a, 26b and 26¢c.

[0046] Theabove-described embodiments oftransmit-
ter modules convert electrical signals into optical signals
and output the optical signals through the optical
waveguide structure. According to the same design prin-
ciple, a receiver module may be provided to receive op-
tical signals, convert the optical signals into electrical sig-
nals, and output the electrical signals.

[0047] Please refer to FIG. 5, a cross-sectional view
illustrating an embodiment of a receiver module accord-
ing to the present invention. The receiver module 3 in-
cludes a semiconductor substrate 30, a light-detecting
unit 34, an optical waveguide structure 36, an electrical
transmission unit 33, an amplifier circuit 35, and two films
31 and 32 on opposite surfaces 301 and 302. In other
words, the light source unit 24 and the driving circuit 25
of the transmitter module 2 are replaced by the light-de-
tecting unit 34 and the amplifier circuit 35 in the receiver
module 3. The detailed structure, material and function
of the other components of the receiver module 3 are
similar to those of the transmitter module 2 except the
signal transmission direction and the conversion from the
optical signal 38 into the electrical signal 37.

[0048] The light-detecting unit 34 may include a pho-
todiode or a photodetector capable of receiving and con-
verting the optical signals 38 into electrical signals 37 for
further transmission. The amplifier circuit 35 is usually
implemented by a transimpedance amplifier. In particu-
lar, the optical waveguide structure 36 receives the ex-
ternal optical signals 38 at the second end 362, and the
optical signals 38 are transmitted along the lengthwise
direction of the waveguide body 360 with or without total
internal reflection. Then, the reflector 363 with a 45° slant
surface at the first end 361 reflects the optical signals 38
to allow the optical signals 38 to pass through the second
film 32, the semiconductor substrate 30, the first film 31
and the via hole 330 to reach the light-detecting unit 34.
Then, the optical signals 38 are converted into the elec-
trical signals 37 by the light-detecting unit 34.

[0049] Similarly, the receiver module 3 may be mount-
ed onand electrically connected to a printed circuit board.
The amplifier circuit 35 amplifies and outputs the electri-
cal signals 37 to the printed circuit board. The electrical
transmission unit 33 made of metallic material and inter-
faced between the light-detecting unit 34 and the first film
31 may effectively dissipate the heat generated by the
light-detecting unit 34 by conduction or radiation.
[0050] The receiver module 3 may be implemented by
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a system on chip (SoC) technology so that operation
function is also integrated into the chip. For example, the
IC with operation function is integrated into the amplifier
circuit 35. Therefore, the amplifier circuit 35 may not only
amplify the electrical signals 37 but also perform opera-
tion functionality.

[0051] The receiver module 3 may include a plurality
of light-detecting unit 34 and corresponding optical
waveguide structures 36 as above described with refer-
ence to FIG. 4 to perform multiple optical-electrical con-
version and transmission.

[0052] The optical coupler module according to the
present invention has been described in the form of the
transmitter module 2 and the receiver module 3. In an-
other embodiment, the optical coupler module may be a
transceiver module by integrating the transmitter module
2 of FIG. 2A and the receiver module 3 of FIG. 5 capable
of transmitting and receiving optical signals. For exam-
ple, the optical coupler module of FIG. 4 may include at
least one light source unit and at least one light-detecting
unit. Each one of the light source unit and the light-de-
tecting unitis optically coupled to a corresponding optical
waveguide structure.

[0053] The optical coupler module, e.g. the transmitter
module, the receiving module or the transceiver module
should be coupled to an optical transmission element
such as an optical fiber so that the optical coupler module
may receive optical signals from the optical transmission
element or transmits optical signals to the optical trans-
mission element. Please refer to FIG. 6 showing the con-
nection between the transmitter module and the receiver
module according to the present invention. The transmit-
ter module 2 and the receiver module 3 are respectively
mounted on and electrically connected to the printed cir-
cuit boards 40 and 50. The printed circuit board 40 pro-
vides electrical signals to the transmitter module 2, and
the printed circuit board 50 receives electrical signals
from the receiver module 3.

[0054] There are pinguides 41, 42,51 and 52 provided
on the printed circuit boards 40 and 50 for assembly of
the printed circuit boards 40 and 50 and the optical fibers
60. Corresponding to the pin guides 41, 42, 51 and 52,
there are pins 611, 612, 621 and 622 provided on two
connectors 61 and 62 at two ends of the optical fibers
60. By plugging the pins 611, 612, 621 and 622 into the
corresponding pin guides 41, 42, 51 and 52, the optical
waveguide structures 26 and 36 of the transmitter module
2 and the receiver module 3 are optically coupled to the
transmission interfaces 610 and 620. Therefore, the op-
tical signals may enter and leave the optical fibers 60
through the transmission interfaces 610 and 620.
[0055] It is to be noted that different connectors may
be utilized and connected to the two ends of the optical
fibers 60. For example, one of the transmitter module 2
and the receiver module 3 is coupled to one end of the
opticalfibers 60 through the connector 61 or 62 according
to the present invention, while a conventional receiver
module or transmitter module, e.g. optical coupler device
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with trenches as described in the prior arts, may be cou-
pled to the other end of the optical fibers 60 through a
conventional connector.

[0056] Please note that various modifications can be
made to the transmitter module and the receiver module
concerning the position or the arrangement of the control
circuit such as the driving circuit or the amplifier circuit.
[0057] Please refer to FIG. 7A showing another em-
bodiment of the transmitter module 2a. Compared with
the above-described embodiment of the transmitter mod-
ule 2, the first film 21a does not cover all the first surface
201 of the semiconductor substrate 20. Only a portion of
the first surface 201 where the light path of the optical
signals 28 passes is covered by the first film 21a. The
first film 21a is penetrable to optical signals 28 and anti-
reflective. The driving circuit 25a is mounted on the other
portion of the first surface 201 and adjacent to the first
film 21a. According to the design, the electrical transmis-
sion unit is integrated into the driving circuit 25a, for ex-
ample, the portion of the driving circuit 25a under the light
source unit 24. Therefore, the driving circuit 25a forms a
circuit layer on the first surface 201. The circuit layer is
made by less line-width process, while the photonic layer
is made by greater line-width process. Thus, the circuit
layer and the photonic layer formed with different line-
width processes are integrated on the silicon substrate
20 to form a monolithic optical-electrical/electrical-optical
element.

[0058] Please refer to FIG. 7B illustrating another em-
bodiment of the transmitter module 2b. Compared with
the above-described embodiment of the transmitter mod-
ule 2, the electrical transmission unit 23b is extended to
cover the first surface 201 under the driving circuit 25b.
The driving circuit 25b is mounted on the electrical trans-
mission unit 23b by flip-chip process based on hybrid
integration technique and electrically connected to the
electrical transmission unit 23b. Preferably, the top sur-
face of the driving circuit 25b is aligned with the top sur-
face of the light source unit 24. Besides, a third film 264
is formed on the second end of the optical waveguide
structure 26. The material of the third film 264 may be
the same as the first film 21 and the second film 22. The
third film 264 can be applied to all the above-described
embodiments.

[0059] Pleasereferto FIGs. 7C and 7D illustrating oth-
er embodiments of the transmitter modules 2¢c and 2d.
The driving circuit 25c¢ is located on the printed circuit
board 40 rather than on the electrical transmission unit
23c. To electrically connect the driving circuit 25c¢ to the
electrical transmission unit23c, aninterconnect structure
may be formed in the semiconductor substrate 20 to com-
municate the driving circuit 25¢ and the electrical trans-
mission unit 23c, as shown in FIG. 7C. Alternatively, the
driving circuit 25¢c may be electrically connected to the
electrical transmission unit 23c by a wire, as shown in
FIG. 7D. It is to be noted that the maodifications, as de-
scribed with reference to FIGs. 7A-7D, to the transmitter
module 2 can be applied to the receiver module 3 or the
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transceiver module.

[0060] Since the semiconductor substrate 20 and 30
separates the signal conversion unit, e.g. light source
unit 24 and the light-detecting unit 34 from the optical
waveguide structures 26 and 36, the optical signals 28
and 38 transmitted in the optical waveguide structures
26 and 36 are not affected by electrical interference. Fur-
thermore, coupling the optical fibers to the optical
waveguide structures 26 and 36 will not damage the so-
phisticated light source unit 24 and light-detecting unit
34. In addition to the connector 61 or 62 for coupling the
optical fibers to the optical coupler module 2 or 3, various
madifications can be made to the assembly of the optical
transmission system.

[0061] Please refer to FIG. 8A illustrating another em-
bodiment of a transmitter module according to the
present invention. A trench 203 is provided in the semi-
conductor substrate 20 near the second end of the optical
waveguide structure 26 for accommodating the optical
fiber 63. The profile of the trench 203 depends on the
cross-section of the optical fiber 63, for example, U-
shape or V-shape. When the optical fiber 63 is putin the
trench 203, the optical fiber 63 is coupled to the optical
waveguide structure 26. In this embodiment, the optical
fiber 63 is fixed to the transmitter module 2 and cannot
be removed. However, a pluggable design is applicable
without affecting or damaging the light source unit 24
since the light source unit 24 is located at the other sur-
face of the semiconductor substrate 20. The same design
can be applied to other type of optical coupler module
such as the receiver module or the transceiver module.
[0062] Please refer to FIGs. 8B and 8C illustrating a
connector at the other end of the optical fiber 63. The
connector 70 of the optical fiber 63 will be optically cou-
pled to a transmission interface 71 which is mounted on
a circuit board or a mainboard. The connector 70 has a
45° reflector 72 for changing the transmission direction
of the optical signals and direct the optical signals into
the transmission interface 71 for further transmission.
[0063] FIG. 9 illustrates a pluggable design for the
transmitter module 2. The transmitter module 2 is fixed
to a first board 43 having thereon two guiding rails 44
and 45. The connector 65 of the optical fiber 66 is dis-
posed on a second board 64. When the second board
64 is inserted in and moving along the guiding rails 44
and 45 to be close to the transmitter module 2, the optical
fiber 66 is optically coupled to the second end of the op-
tical waveguide structure for receiving optical signals
from the transmitter module 2. In addition, other securing
parts such as screw or bolt may be utilized to further
secure the assembly. The same design can be applied
to other type of optical coupler module such as the re-
ceiver module or the transceiver module.

[0064] Please refer to FIG. 10A showing the optical
connection between the transmitter module and the re-
ceiver module according to the present invention. The
transmitter module 2 and the receiver module 3 are dis-
posed on the cards 81 and 82, respectively, and com-
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municate with each other through the printed circuit board
80. There isanopticalwaveguide structure 86 inthe print-
ed circuit board 80. The optical waveguide structure 86
includes a waveguide body 860 and two 45° reflectors
861 and 862 at two ends. When the cards 81 and 82 are
inserted into the slots 83 and 84 on the printed circuit
board 80, the optical waveguide structures 26 and 36 are
optically coupled to the optical waveguide structure 86.
Thus, the transmitter module 2 outputs the optical signals
from the second end of the optical waveguide structure
26 to the first end of the optical waveguide structure 86
in the printed circuit board 80. The optical signals are
reflected by the reflector 861 at the first end of the optical
waveguide structure 86 and transmitted along the length-
wise direction of the waveguide body 860. Then, the op-
tical signals are reflected by the reflector 862 at the sec-
ond end of the optical waveguide structure 86. At last,
the receiver module 3 receives the optical signals at the
second end of the optical waveguide structure 36 from
the optical waveguide structure 86. Therefore, the optical
transmission element is not limited to an optical fiber and
may be extended to a printed circuit board. In an embod-
iment, the optical waveguide structure 86 in the printed
circuit board 80 may be made of a polymer material.
[0065] Please refer to FIG. 10B showing the optical
connection between the transmitter module and a chip
according to the present invention. The transmitter mod-
ule 2 is mounted on a first printed circuit board 40, and
the chip 91 is mounted on a second printed circuit board
90 having therein an optical waveguide structure 92.
When the two printed circuit boards 40 and 90 are com-
bined together, the two optical waveguide structures 26
and 92 are optically coupled to each other. The optical
signals outputted from the optical waveguide structure
26 enter the waveguide body 920 and reach the reflector
921. The reflected optical signals are received by the
chip 91 mounted on the second printed circuit board 90.
Hence, the optical transmission between different printed
circuit boards may be achieved. The same design can
be applied to other type of optical coupler module such
as the receiver module or the transceiver module.
[0066] From above description, the present invention
provides an optical coupler module for electrical-optical
or optical-electrical conversion. The optical coupler mod-
ule can be manufactured by a simple semiconductor
process. The optical coupler module can be easily cou-
pled to an optical transmission element such as optical
fiber without complicated assembly and the assembly
tolerance increases. Since the electrical elementand the
optical element are arranged on opposite surfaces of the
semiconductor substrate, the optical element, e.g. the
optical waveguide structure will not affected by the elec-
trical interference, and the electrical element such as the
light source unit or the light-detecting unit will not be dam-
aged during the assembly of the optical element and ex-
ternal optical transmission element. The optical coupler
module according to the present invention may be cou-
pled to different transmission element, e.g. optical fiber
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or printed circuit board with optical waveguide structure.
Therefore, the wide application of the present invention
is expected.

[0067] Whiletheinvention has been describedinterms
of what is presently considered to be the most practical
and preferred embodiments, it is to be understood that
the invention needs not to be limited to the disclosed
embodiment. On the contrary, itis intended to cover var-
ious modifications and similar arrangements included
within the scope of the appended claims which are to be
accorded with the broadest interpretation so as to en-
compass all such modifications and similar structures.

Claims

1. Anopticalcoupler module (2; 2a; 2b; 3) for converting
and transmitting an electrical signal (27) or an optical
signal (38), the optical coupler module (2; 2a; 2b; 3)
configured to be pluggably coupled to an optical
transmission element (60; 63; 66; 80; 90) and the
optical coupler module (2; 2a; 2b; 3) characterized
in that the optical coupler module (2; 2a; 2b; 3) com-
prises:

a semiconductor substrate (20; 30) made of sil-
icon and having a first surface (201; 301) and a
second surface (202; 302) opposite to the first
surface (201; 301);

a first film (21; 21a; 31) and a second film (22;
32) formed on the first surface (201; 301) and
the second surface (202; 302), respectively;
an electrical transmission unit (23; 23b; 23c; 33)
formed onthefirstfilm (21; 31) or the first surface
(201; 301) for transmitting the electrical signal
(27);

at least one signal conversion unit (24; 24a~c;
34) mounted on and electrically connected to
the electrical transmission unit (23; 23b; 23c;
33), for converting the electrical signal (27) into
a corresponding optical signal (28) or converting
the optical signal (38) into a corresponding elec-
trical signal (37); and

a first optical waveguide structure (26; 26a~c;
36) made of the same silicon as the semicon-
ductor substrate (20; 30) and formed on the sec-
ond film (22; 32), and the first optical waveguide
structure (26; 26a~c; 36) having a reflector (263;
363) at a first end (261; 361) and a waveguide
body (260; 360), the position of the reflector
(263; 363) corresponding to the signal conver-
sion unit (24; 24a~c; 34),

wherein the corresponding optical signal (28)
sequentially passes the first film (21; 21a), the
semiconductor substrate (20) and the second
film (22) and enters the first optical waveguide
structure (26; 26a~c; 36) so that the correspond-
ing optical signal (28) is reflected by the reflector
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(263) and transmitted in the waveguide body
(260) to a second end (262) of the first optical
waveguide structure (26; 26a~c), the second
end (262), in case the optical coupler module
(2; 2a; 2b; 3) is pluggably coupled to the optical
transmission element (60; 63; 66; 80; 90), opti-
cally coupledtothe optical transmission element
(60; 63; 66; 80; 90); or the optical signal (38) is
transmitted in the waveguide body (360) from
the second end (362) of the first optical
waveguide structure (26a~c; 36) and reflected
by the reflector (363), and the optical signal (38)
sequentially passes the second film (32), the
semiconductor substrate (30) and the first film
(31) to reach the signal conversion unit (24;
24a~c; 34) to be converted into the correspond-
ing electrical signal (37).

The optical coupler module (2) according to claim 1
wherein the semiconductor substrate (20; 30) is a
double-sided polished silicon-on-insulator (SOI) wa-
fer, and the first film (21; 21a; 31) and the second
firm (22; 32) are dielectric films.

The optical coupler module (2; 3) according to claim
1, characterized in that the optical coupler module
(2; 3) is mounted on and electrically connected to a
printed circuit board (40; 50), the optical coupler
module (2; 3) receiving the electrical signal (27) from
the printed circuit, board (40) or outputting the cor-
responding electrical signal (37) to the printed circuit
board (50).

The optical coupler module (2; 3) according to claim
1, characterized in that the electrical transmission
unit (23; 23b; 23c; 33) is made of metallic material,
and a portion of the electrical transmission unit (23;
23b, 23c; 33) touches the signal conversion unit (24;
24a~c; 34) to dissipate heat generated from the sig-
nal conversion unit (24; 24a~c; 34).

The optical coupler module (2; 3) according to claim
1, characterized in thatthereis a 45° angle between
the reflector (263; 363) and the second film (22; 32),
wherein the optical signal (28) or the corresponding
optical signal (38) is transmitted in the waveguide
body (260; 360) by total internal reflection.

The optical coupler module (2) according to claim 1,
characterized in that the first optical waveguide
structure (26; 26a~c; 36) and the semiconductor sub-
strate (20; 30) are integrally formed, and the reflector
(263; 363) is a slant surface coated with a reflective
material.

The optical coupler module (2; 3) according to claim
1, characterized in that the second end (262; 362)
of the first optical waveguide structure (26; 36) is
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optically coupled to a second optical waveguide
structure (86; 92) of a printed circuit board (80; 90)
or an optical fiber (60; 66) to allow the optical signal
(28) or the corresponding optical signal (38) trans-
mitted between the first optical waveguide structure
(26; 36) and the second optical waveguide structure
(86; 92) or the optical fiber (60; 66).

The optical coupler module (2; 2b; 3) according to
claim 1, characterized in that the optical coupler
module (2; 2b; 3) comprises a third film (264) formed
onthe second end (262) of the first opticalwaveguide
structure (26), and each of the first film (21; 21a; 31),
the second film (22; 32) and the third film (264) is a
single layer film or a multi-layer film with anti-reflec-
tive function, which is penetrable to the optical signal
(28) or the corresponding optical signal (38) and in-
creases tolerance of wavelength, angle of incidence
and low polarization dependence.

The optical coupler module (2; 2a; 2b; 3) according
to claim 1, characterized in that the optical coupler
module (2; 2a; 2b; 3) is a transmitter module (2;
2a~d), and the signal conversion unitis a light source
unit (24; 24a~c) including a light-emitting diode
(LED), a semiconductor laser or a vertical cavity sur-
face emitting laser (VCSEL) for generating the cor-
responding optical signal (28) in response to the
electrical signal (27).

The optical coupler module (2; 2a; 2b; 3) according
to claim 9, characterized in that the transmitter
module (2; 2a~d) comprises a driving circuit (25;
25a~c) disposed on the first film (21), the electrical
transmission unit (23b) or a printed circuit board (40)
and electrically connected to the electrical transmis-
sion unit (23; 23b; 23c) for driving the light source
unit (24) through the electrical transmission unit (23;
23b; 23c¢) to generate the corresponding optical sig-
nal (28) in response to the electrical signal (27).

The optical coupler module (2; 2a; 2b; 3) according
to claim 10, characterized in that the driving circuit
(25; 25a~c) is implemented by a system on chip tech-
nology to integrate an integrated circuit with opera-
tion function into the driving circuit (25; 25a~c), or
the electrical transmission unit is integrated into the
driving circuit (25a).

The optical coupler module (2; 3) according to claim
9, characterized in that the optical coupler module
(2; 3) further comprises:

a second optical waveguide structure (36)
formed on the second film (32); and

a light-detecting unit (34) mounted on and elec-
trically connected to the electrical transmission
unit (33),
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14.

15.

the second optical waveguide structure (36)
having a reflector (363) at a first end (361) and
a waveguide body (360), the position of the re-
flector (363) of the second optical waveguide
structure (36) corresponding to the light-detect-
ing unit (34).

The optical coupler module (3) according to claim 1,
characterized in that the optical coupler module (3)
is a receiver module (3), and the signal conversion
unit is a light-detecting unit (34) including a photodi-
ode or a photodetector for converting the optical sig-
nal (38) into the corresponding electrical signal (37).

The optical coupler module (3) according to claim
13, characterized in that the receiver module (3)
comprises an amplifier circuit (35) disposed on the
first film (31), the electrical transmission unit (33) or
aprinted circuit board (50) and electrically connected
to the electrical transmission unit (33) for amplifying
and transmitting the corresponding electrical signal
(37) outputted from the light-detecting unit (34).

The optical coupler module (3) according to claim
14, characterized in that the amplifier circuit (35)
is implemented by a system on chip technology to
integrate an integrated circuit with operation function
into the amplifier circuit (35), or the electrical trans-
mission unit is integrated into the amplifier circuit
(35).

Patentanspriiche

1.

Optisches Kupplungsmodul (2; 2a; 2b; 3) zum Um-
wandeln und Ubertragen eines elektrischen Signals
(27) oder eines optischen Signals (38), wobei das
optische Kupplungsmodul (2; 2a; 2b; 3) dazu konfi-
guriert ist, steckbar mit einem optischen Ubertra-
gungselement (60; 63; 66; 80; 90) verbunden zu
sein, und das optische Kupplungsmodul (2; 2a; 2b;
3) dadurch gekennzeichnet ist, dass das optische
Kupplungsmodul (2; 2a; 2b; 3) umfasst:

ein Halbleitersubstrat (20; 30) aus Silizium mit
einer ersten Oberflache (201; 301) und einer der
ersten Oberflache (201; 301) gegeniberliegen-
den zweiten Oberflache (202; 302);

eine erste Folie (21; 21 a; 31) und eine zweite
Folie (22; 32), die jeweils auf der ersten Ober-
flache (201; 301) und der zweiten Oberflache
(202; 302) ausgebildet sind;

ein auf der ersten Folie (21; 31) oder der ersten
Oberflache (201; 301) ausgebildetes elektri-
sches Ubertragungselement (23; 23b; 23c; 33)
zum Ubertragen des elektrischen Signals (27);
mindestens eine auf der elektrischen Ubertra-
gungseinheit (23; 23b; 23c; 33) montierte und
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mit dieser verbundene Signalumwandlungsein-
heit (24; 24a~c; 34) zum Umwandeln des elek-
trischen Signals (27) in ein entsprechendes op-
tisches Signal (28) oder zum Umwandeln eines
optischen Signals (38) in ein entsprechendes
elektrisches Signal (37); und

eine erste optische Wellenleiterstruktur (26;
26a~c; 36), die aus dem gleichen Silizium wie
das Halbleitersubstrat (20; 30) hergestellt und
auf der zweiten Folie (22; 32) ausgebildet ist,
wobei die erste optische Wellenleiterstruktur
(26; 26a~c; 36) einen Reflektor (263; 363) an
einem ersten Ende (261; 361) und einen Wel-
lenleiterkdrper (260; 360) aufweist, wobei die
Position des Reflektors (263; 363) an die Sig-
nalumwandlungseinheit (24; 24a~c; 34) ange-
passt ist,

wobei das entsprechende optische Signal (28)
sequentiell die erste Folie (21; 21a), das Halb-
leitersubstrat (20) und die zweite Folie (22) pas-
siert und von der ersten optischen Wellenleiter-
struktur (26; 26a~c; 36) aufgenommen wird, so
dass das entsprechende optische Signal (28)
von dem Reflektor (263) reflektiert und im Wel-
lenleiterkdrper (260) an ein zweites Ende (262)
der ersten optischen Wellenleiterstruktur (26;
26a~c) Ubertragen wird, wobei das zweite Ende
(262), falls das optische Kupplungsmodul (2; 2a;
2b; 3) steckbar mit dem optischen Ubertra-
gungselement (60; 63; 66; 80; 90) verbunden
ist, optisch mit dem optischen Ubertragungse-
lement (60; 63; 66; 80; 90) verbunden ist; oder
das optische Signal (38) im Wellenleiterkdrper
(360) vom zweiten Ende (362) der ersten opti-
schen Wellenleiterstruktur (26a~c; 36) Ubertra-
gen und vom Reflektor (363) reflektiert wird und
sequentiell die zweite Folie (32), das Halbleiter-
substrat (30) und die erste Folie (31) passiert,
um die Signalumwandlungseinheit (24; 24a~c;
34) zu erreichen, um in das entsprechende elek-
trische Signal (37) umgewandelt zu werden.

2. Optisches Kupplungsmodul (2) gemaf Anspruch 1,

wobei das Halbleitersubstrat (20; 30) ein doppelsei-
tiger, polierter Silizium-auf-Isolator-Wafer (SOV) ist,
und die erste Folie (21; 21a; 31) und die zweite Folie
(22; 32) dielektrische Folien sind.

Optisches Kupplungsmodul (2; 3) gem&R Anspruch
1,

dadurch gekennzeichnet, dass

das optische Kupplungsmodul (2; 3) auf einer Lei-
terplatte (40; 50) montiert und mit dieser elektrisch
verbunden ist, wobei das optische Kupplungsmodul
(2; 3) das elektrische Signal (27) von der Leiterplatte
(40) empfangt oder das entsprechende elektrische
Signal (37) an die Leiterplatte (50) ausgibt.
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4. Optisches Kupplungsmodul (2; 3) gemaR Anspruch

1,

dadurch gekennzeichnet, dass

die elektrische Ubertragungseinheit (23; 23b; 23c;
33) aus einem metallischen Material hergestellt ist,
und ein Teil der elektrischen Ubertragungseinheit
(23; 23b; 23c; 33) die Signalumwandlungseinheit
(24; 24a~c; 34) berihrt, um die von der Signalum-
wandlungseinheit (24; 24a~c; 34) generierte Hitze
abzuleiten.

Optisches Kupplungsmodul (2; 3) gemal Anspruch
1,

dadurch gekennzeichnet, dass

zwischen dem Reflektor (263; 363) und der zweiten
Folie (22; 32) ein Winkel von 45 Grad vorhanden ist,
wobei das optische Signal (28) oder das entspre-
chende optische Signal (38) in dem Wellenleiterkor-
per (260; 360) durch interne Totalreflexion tbertra-
gen wird.

Optisches Kupplungsmodul (2) gemaR Anspruch 1,
dadurch gekennzeichnet, dass

die erste optische Wellenleiterstruktur (26; 26a~c;
36) und das Halbleitersubstrat (20; 30) einstiickig
ausgebildet sind, und der Reflektor (263; 363) eine
abgeschragte, mit einem reflektierenden Material
beschichtete Oberflache ist.

Optisches Kupplungsmodul (2; 3) gemal Anspruch
1,

dadurch gekennzeichnet, dass

das zweite Ende (262; 362) der ersten optischen
Wellenleiterstruktur (26; 36) optisch mit einer zwei-
ten optischen Wellenleiterstruktur (86; 92) einer Lei-
terplatte (80; 90) oder einem Lichtwellenleiter (60;
66) verbunden ist, um die Ubertragung des opti-
schen Signals (28) oder des entsprechenden opti-
schen Signals (38) zwischen der ersten optischen
Wellenleiterstruktur (26; 36) und der zweiten opti-
schen Wellenleiterstruktur (86; 92) oder dem Licht-
wellenleiter (60; 66) zu ermdglichen.

Optisches Kupplungsmodul (2; 3) gemal Anspruch
1,

dadurch gekennzeichnet, dass

das optische Kupplungsmodul (2; 2b; 3) eine am
zweite Ende (262) der ersten optischen Wellenlei-
terstruktur (26; 21) ausgebildete dritte Folie (264)
umfasst, und jede der ersten Folie (21; 21a; 31), der
zweiten Folie (22; 32) und der dritten Folie (264) eine
einlagige Folie oder eine mehrlagige Folie mit Anti-
reflexionsfunktion ist, die von dem optischen Signal
(28) oder dem entsprechenden optischen Signal
(38) durchdringbaristund die Wellenlangentoleranz,
den Einfallswinkel und die geringe Polarisationsab-
hangigkeit steigert.
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Optisches Kupplungsmodul (2; 2a; 2b; 3) gemaR An-
spruch 1,

dadurch gekennzeichnet, dass

das optische Kupplungsmodul (2; 2a; 2b; 3) ein
Ubertragungsmodul (2; 2a~d) ist, und die Signalum-
wandlungseinheit eine Lichtquelleneinheit (24;
24a~c) ist, die eine Leuchtdiode (LED), einen Halb-
leiterlaser und einen Vertical-Cavity-Surface-Emit-
ting-Laser (VCSEL) zum Generieren des entspre-
chenden optischen Signals (28) als Reaktion auf das
elektrische Signal (27) umfasst.

Optisches Kupplungsmodul (2; 2a; 2b; 3) gemaR An-
spruch 9,

dadurch gekennzeichnet, dass

das Ubertragungsmodul (2; 2a~d) einen auf der ers-
ten Folie (21) angeordneten Steuerkreis (25; 25a~c),
die elektrische Ubertragungseinheit (23b) oder eine
Leiterplatte (40) sowie die elekirische Verbindung
mit der elektrischen Ubertragungseinheit (23; 23b;
23c) zum Steuern der Lichtquelleneinheit (24) durch
die elektrische Ubertragungseinheit (23; 23b; 23c)
zum Generieren des entsprechenden optischen Si-
gnals (28) als Reaktion auf das elektrische Signal
(27), umfasst.

Optisches Kupplungsmodul (2; 2a; 2b; 3) gemaR An-
spruch 10,

dadurch gekennzeichnet, dass

der Steuerkreis (25; 25a~c) mittels einer System-on-
Chip-Technologie implementiert ist, um einen inte-
grierten Schaltkreis mit Bedienfunktion in den Steu-
erkreis (25; 25a~c) zu integrieren, oder die elektri-
sche Ubertragungseinheit in den Steuerkreis (25a)
integriert ist.

Optisches Kupplungsmodul (2; 3) gemal Anspruch
9,

dadurch gekennzeichnet, dass

das optische Kupplungsmodul (2; 3) ferner umfasst:

eine auf der zweiten Folie (32) ausgebildete
zweite optische Wellenleiterstruktur (36) und ei-
ne licht-detektierende Einheit (34), die auf der
elektrischen Ubertragungseinheit (33) montiert
und mit dieser elektrisch verbunden ist,

wobei die zweite optische Wellenleiterstruktur
(36) einen Reflektor (363) an einem ersten Ende
(361) und einen Wellenleiterkdrper (360) um-
fasst, wobei die Position des Reflektors (363)
der zweiten optischen Wellenleiterstruktur (36)
an die licht-detektierende Einheit (34) ange-
passt ist.

Optisches Kupplungsmodul (3) gemaR Anspruch 1,
dadurch gekennzeichnet, dass

das optische Kupplungsmodul (3) ein Empfangsmo-
dul (3) ist, und die Signalumwandlungseinheit eine
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licht-detektierende Einheit (34) ist, die eine Fotodi-
ode oder einen Fotodetektor zum Umwandeln des
optischen Signals (38) in das entsprechende elek-
trische Signal (37) einschlieft.

Optisches Kupplungsmodul (3) gemaR Anspruch 13,
dadurch gekennzeichnet, dass

das Empfangsmodul (3) eine auf der ersten Folie
(31) angeordnete Verstarkerschaltung (35), die elek-
trische Ubertragungseinheit (33) oder eine Leiter-
platte (50) sowie die elektrische Verbindung mit der
elektrischen Ubertragungseinheit (33) zum Verstar-
ken und Ubertragen des entsprechenden, von der
licht-detektierenden Einheit (34) ausgegebenen
elektrischen Signals (37) umfasst.

Optisches Kupplungsmodul (3) gemaR Anspruch 14,
dadurch gekennzeichnet, dass

die Verstérkerschaltung (35) mittels einer System-
on-Chip-Technologie implementiert ist, um einen in-
tegrierten Schaltkreis mit Bedienfunktion in die Ver-
starkerschaltung (35) zu integrieren, oder die elek-
trische Ubertragungseinheit in die Verstarkerschal-
tung (35) integriert ist.

Revendications

Un module de coupleur optique (2; 2a; 2b; 3) per-
mettant de convertir et de transmettre un signal élec-
trique (27) ou un signal optique (38), le module de
coupleur optique (2; 2a; 2b; 3) configuré pour étre
couplé par une prise a un élément de transmission
optique (60; 63; 66; 80; 90) et le module de coupleur
optique (2; 2a; 2b; 3)

caractérisé en cela que

le module de coupleur optique (2; 2a; 2b; 3) com-
prend:

un substrat semi-conducteur (20; 30) fait de si-
licone ayant une premiere surface (201; 301) et
une seconde surface (202; 302) opposée a la
premiere surface (201; 301);

un premier film (21; 21a; 31) et un second film
(22; 32) formé surla premiére surface (201; 301)
et la seconde surface (202; 302) respective-
ment;

une unité de transmission électrique (23; 23b;
23c; 33) formée sur le premier film (21; 31) ou
la premiére surface (201; 301) permettant de
transmettre le signal électrique (27);

au moins une unité de conversion de signal (24;
24a~c; 34) montée sur et connectée électrique-
ment a l'unité de transmission électrique (23;
23b; 23c; 33) permettant de convertir le signal
électrique (27) dans un signal optique corres-
pondant (28) ou de convertir le signal optique
(38) dans un signal électrique correspondant
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(37); et

une premiére structure de guide d’ondes opti-
que (26; 26a~c; 36) faite du méme silicone que
le substrat semi-conducteur (20; 30) et formé
sur le second film (22; 32) et la premiére struc-
ture de guide d’ondes optique (26; 26a~c; 36)
ayant un réflecteur (263; 363) a une premiére
extrémité (261; 361) et un corps de guide d’on-
des (260; 360), la position du réflecteur (263;
363) correspondant a l'unité de conversion du
signal (24; 24a~c; 34), dans laquelle le signal
optique correspondant (28) passe de maniere
séquentielle le premier film (21; 21a), le substrat
semi-conducteur (20) et le second film (22) et
entre dans la premiére structure de guide d’on-
des optique (26; 26a~c; 36) de sorte a ce que
le signal optique correspondant (28) est réflé-
chie par le réflecteur (263) et transmis dans le
corps de guide d’ondes (260) vers une seconde
extrémité (262) de la premiére structure de gui-
de d’ondes optique (26; 26a~c), la seconde ex-
trémité (262) dans le cas du module de coupleur
optique (2; 2a; 2b; 3) est couplé par une prise a
I'élément de transmission optique (60; 63; 66;
80; 90), est couplé optiqguement a I'élément de
transmission optique (60; 63; 66; 80; 90) ou le
signal optique (38) est transmis dans le corps
de guide d’'ondes (360) a partir de la seconde
extrémité (362) de la premiére structure de gui-
de d’'ondes optique (26a~c; 36) et réfléchie par
le réflecteur (363) et le signal optique (38) passe
de maniére séquentielle le second film (32), le
substrat semi-conducteur (30) et le premier film
(31) pour atteindre I'unité de conversion de si-
gnal (24; 24a~c; 34) pour étre converti dans le
signal électrique correspondant (37).

Le module de coupleur optique (2) selon la revendi-
cation 1 pour lequel le substrat semi-conducteur (20;
30) est un wafer silicium-sur-isolant (SOI) poli sur
deux cotés et le premier film (21; 21a; 31) et le se-
cond film (22; 32) sont des films diélectriques.

Le module de coupleur optique (2; 3) selon lareven-
dication 1

caractérisé en cela que

le module de coupleur optique (2; 3) est monté sur
et est connecté électrique a un circuit imprimé (40;
50), le module de coupleur optique (2; 3) recevant
le signal électrique (27) du circuit imprimé (40) ou
sortant le signal électrique correspondant (37) vers
le circuit imprimé (50).

Le module de coupleur optique (2; 3) en fonction de
la revendication 1

caractérisé en cela que

['unité de transmission électrique (23; 23b, 23 c; 33)
est faite d’'un matériau métallique et une portion de
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I'unité de transmission électrique (23; 23b, 23 c; 33)
touche l'unité de conversion de signal (24; 24a~c;
34) pour dissiper la chaleur générer par l'unité de
conversion de signal (24; 24a~c; 34).

Le module de coupleur optique (2; 3) en respect de
la revendication 1 caractérisé en cela qu’il y a un
angle de 45° entre le réflecteur (263; 263) et le se-
cond film (22; 32), le signal optique (28) ou le signal
optique correspondant (38) étant transmis dans le
corps de guide d’ondes (260; 360) par réflexion in-
terne totale.

Le module de coupleur optique (2) en respect de la
revendication 1,

caractérisé en cela que

la premiére structure de guide d’ondes optique (26;
26a~c; 36) et le substrat semi-conducteur (20; 30)
sont intégralement formés et le réflecteur (263; 363)
est une surface inclinée revétue d’'un matériau réfle-
chissant.

Le module de coupleur optique (2; 3) en respect de
la revendication 1

caractérisé en cela que

|la seconde extrémité (262; 362) de la premiére struc-
ture de guide d’'ondes optique (26; 36) est couplé
optiguement a une seconde structure de guide d’on-
des optique (86; 92) d’un circuit imprimé (80; 90) ou
d’une fibre optique (60; 66) pour permettre au signal
optique (28) ou au signal optique correspondant (38)
d’étre transmis entre la premiére structure de guide
d’ondes optiques (26; 36) et la seconde structure de
guide d’ondes optique (86; 92) ou la fibre optique
(60; 66).

Le module de coupleur optique (2; 2b; 3) en respect
de la revendication 1

caractérisé en cela que

le module de coupleur optique (2; 2b; 3) comprend
un troisieme film (264) formé sur la seconde extré-
mité (262) de la premiére structure de guide d'ondes
optique (26) et que respectivement le premier film
(21; 21a; 31), le second film (22; 32) et le troisiéme
film (264) est un film a couche unique ou un film
multicouche avec une fonction antireflet qui est pé-
nétrable vers le signal optique (28) ou le signal op-
tique correspondant (38) et augmente la tolérance
de la longueur d’ondes, I'angle d’incidence et la fai-
ble dépendance de polarisation.

Le module de coupleur optique (2; 2a; 2b; 3) en res-
pect de la revendication 1,

caractérisé en cela que

le module de coupleur optique (2; 2a; 2b; 3) est un
module de transmetteur (2; 2a~d) et l'unité de con-
version de signal est une unité de source lumineuse
(24; 24a~c) incluant une diode électroluminescente
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(LED), un laser semi-conducteur ou une structure
de laser & émission de surface et a cavité verticale
(VCSEL) pour générer le signal optique correspon-
dant (28) en réponse au signal électrique (27).

Le module de coupleur optique (2; 2a; 2b; 3) enres-
pect de la revendication 9

caractérisé en cela que

le module de transmetteur (2; 2a~d) comprend un
circuit d’entrainement (25; 25a~c) placé sur le pre-
mier film (21), l'unité de transmission électrique (23b)
ou un circuit imprimé (40) et connecté électrique-
ment a 'unité de transmission électrique (23; 23b;
23c) pour entrainer 'unité de source lumineuse (24)
a travers I'unité de transmission électrique (23; 23b;
23c) pour générer le signal optique correspondant
(28) en réponse au signal électrique (27).

Le module de coupleur optique (2; 2a; 2b; 3) en res-
pect de la revendication 10

caractérisé en cela que

le circuitd’entrainement (25; 25a~c) est mis en place
par un systéme sur une technologie de puce pour
intégrer un circuit intégré avec une fonction de ser-
vice dans le circuit d’'entrainement (25; 25a~c) ou
I'unité de transmission électrique est intégré dans le
circuit d’entrainement (25a).

Le module de coupleur optique (2; 3) en respect de
la revendication 9

caractérisé en cela que

le module de coupleur optique (2; 3) comprend éga-
lement une seconde structure de guide d’ondes op-
tique (36) formée sur le second film (32); et une unité
de détection lumineuse (34) montée sur et connec-
tée électriguement sur l'unité de transmission élec-
trique (33), la seconde structure de guide d’ondes
optique (36) ayant un réflecteur (363) sur une pre-
miere extrémité (361) et un corps de guide d’ondes
(360), la position du réflecteur (363) de la seconde
structure de guide d’ondes optique (36) correspon-
dant a l'unité de détection lumineuse (34).

Le module de coupleur optique (3) en respect de la
revendication 1

caractérisé en cela que

le module de coupleur optique (3) est un module de
récepteur (3) et l'unité de conversion de signal est
une unité de détection lumineuse (34) est une pho-
todiode ou un photodétecteur pour convertir le signal
optique (38) dans le signal électrique correspondant
(37).

Le module de coupleur optique (3) en respect de la
revendication 13

caractérisé en cela que

le module derécepteur (3) comprend un circuitd’am-
plificateur (35) placé sur le premier film (31), 'unité
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24

de transmission électrique (33) ou un circuit imprimé
(50) et connecté électriguement a l'unité de trans-
mission électrique (33) permettant d’amplifier et de
transmettre le signal électrique correspondant (37)
sortant de 'unité de détection lumineuse (34).

Le module de coupleur optique (3) en respect de la
revendication 14

caractérisé en cela que

le circuit d’amplificateur (35) est mis en place par un
systéme sur technologie de puce pour intégrer un
circuit intégré avec une fonction de service dans le
circuit d’amplificateur (35) ou I'unité de transmission
électrique est intégré dans le circuit d’amplificateur
(35).
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