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cally and/or electrically isolate the components from one another. This
invention relates to optoelectronic inte-    In accordance with one aspect
of the invention, grated circuits (OEICs) and, more particularly, to
optoelectronic chips are mounted on a single-cry- subassemblies for hybrid
versions of OEICs in   5   stal semiconductor base and are optically
intercon- which individual chips are mounted on a base and   nected to one
another by waveguides and couplers are optically and/or electronically
interconnected  integrally formed on the semiconductor material. with one
another. The chips themselves may be      The integrated circuit formed on
the base may discrete  devices  such  as  laser diodes  or      function,
for example, as a transceiver. . photodiodes, or integrated devices such as
com-   10  In one embodiment, at least one of the binations of p-i-n
photodiodes and field effect tran-  waveguides on the base extends under
the lid to sistors (pinFETs), or integrated circuits such as  the exterior
of the enclosure, thereby enabling a transmitter circuits or receiver
circuits.         fiber to be coupled to the waveguide without having In
electronic technologies, printed circuit (PC)  it penetrate the enclosure.
boards are essentially ubiquitous, being found ev-  15  In a related
embodiment, an alignment fixture erywhere from TV sets to computers, from
homes     is mounted on one end of the base for aligning a to satellites.
PC boards enable individual electronic  fiber to the waveguide. chips and
components to be interconnected via          In still another embodiment, a
semiconductor metalization patterns deposited on an insulating   laser has
a mesa which engages a groove for substrate, such as fiberglass or ceramic
board.  20  aligning the laser to one of the waveguides. This technology is
very mature, resulting in boards    Preferably, the base, lid and fixture
are made which are relatively easily manufactured with high  of silicon in
order to exploit the relatively mature reliability and reasonably low cost.
In contrast, op-  technology which has developed in the integrated tical
and optoelectronic technologies are in their  circuit field. In this case,
the waveguides are made infancy. Discrete devices populate the marketplace,
25  of silica and can be designed to cover the most but these components
are typically fabricated from  common range for single-mode light
propagation of high-tech Group III-V compound processes and are   0.7-1.6
[err]. In this form, the invention is said to packaged in metal or ceramic
housings using spe-    utilize "silicon optical bench" technology. cialized
techniques and equipment that typically       The invention, together with
its various features render them very expensive. Yields for discrete  30
and advantages, can be readily understood from devices tend to be
relatively low and, while integra-  the following more detailed description
taken in tion of optoelectronic components is under inves-   conjunction
with the accompanying drawing, in tigation, for the near future, it
portends even lower  which the figures are schematic and have not been
yields. Consequently, there is a need for another   drawn to scale in the
interest of clarity. approach, comparable to PC board approach for  35
FIG. 1 is an isometric view of an optoelectronic electronic devices, to
enable individual optical and  transceiver subassembly (with the lid
removed) in electronic chips to be optically and electronically  accordance
with one embodiment of the invention. interconnected and packaged in an
easily manufac-      FIGs. 2-5 are cross-sectional views of portions
turable and relatively low-cost fashion.            of the base showing how
light in the integral silica EP 0,150,929: Discloses an optical communica-
40   waveguide can be deflected upwardly so as to tion system including an
optical transmitting device  provide an optical test point or to couple
light to an (e.g., laser diode) and an optical receiving device  on-board
photodetector. (i.e., phototransistor) mounted on the same silicon    FIG.
6 is a cross-sectional view of a silica substrate, with a physical
separation therebetween.  waveguide formed on the silicon base of FIG. 1.
An optical link in the form of either a fiber (set into  45  FIG. 7 shows
the arrangement of the cores of a groove formed in the silicon) or
waveguide (a    the silica waveguides in the region where couplers layer of
silicon dioxide formed on the substrate   are formed on the silicon base of
FIG. 1. surface) is formed to couple the optical devices.      FIG. 8 shows
an enlarged view of how the WO-A-87/02474. Discloses an arrangement for
semiconductor laser of FIG. 1 is aligned to the positioning an optical
component, such as a laser  60  silica waveguide. diode, in alignment with
an optical waveguide (such    FIG. 9 is a cross-sectional side view of FIG.
4. as a fiber). A clamp is further disclosed for cover-   FIG. 10 shows a
tandem V-groove arrangement ing the aligned arrangement.
utilized to align and couple an optical fiber to the According to the
present invention there is     silica waveguide of FIG. 1. provided a
sub-assembly as defined in claim 1.  55     FIG. 11 shows a cross-sectional
view of a sub- In the subassembly of the invention, a single-  assembly of
the type depicted in FIG. 1, but for crystal semiconductor lid is mounted
on the base   simplicity only two devices, a laser diode and a to form an
enclosure including cavities which opti-  photodiode, are depicted on the
silicon base. This 2  
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several features: a silicon lid which  define the core and then flowing of
the patterned isolates the devices from one another; a waveguide  core to
form the semi-circular shape. The upper which extends from under the lid to
the exterior of  cladding 34 is then formed by depositing silica the
enclosure so that the fiber need not penetrate  and, subsequently,
densification of the silica glass. the enclosure; and an alignment fixture
at one end   5   Waveguides of this type have optical losses of less of the
base for aligning the fiber to the waveguide.  than 0.03 dB/cm in the
wavelength range of princi- FIGs. 12-13 show how the subassembly can be
pal interest for optical communications; that is, 0.7- adapted to guide
rods so that, in the fashion of PC  1.6 [err]. Couplers involve
side-by-side positioning boards, it can be plugged into a frame of equip-
of two cores, as shown in FIG. 7, so that the ment.
10  evanescent field of one waveguide overlaps the Turning now to FIG. 1,
there is shown an       adjacent one sufficiently to transfer optical power
optoelectronic transceiver formed on a single-cry-  from one to the other.
stal semiconductor substrate, preferably silicon in  In addition to the
optical chips described order to exploit the mature processing technology
above, the transceiver is shown schematically to and standardized
commercial equipment available  15  include electronic circuit chips, such
as the laser in this field. A transceiver has been depicted for  driver
circuit 40 connected to the laser diode 16 the purposes of illustration
only, because it tends  and the receiver circuit 42 electrically connected
to to represent most of the optoelectronic chips which  both the receiver
photodiode 24 and the monitor would be found in other circuits such as
transmit-  photodiode 28. Positioning the photodiodes as ters and
receivers. In general, the silicon base 10  20  shown facilitates echo
cancellation, if required; has at least its major surface 12 oxidized
(e.g., to  however, the circuit 40 and photodiode 28 can be form [err]
layer 12). In addition, the transceiver  positioned on the same side of
waveguide 14 to includes a plurality of single-mode or multi-mode  avoid
the cross-over electrical connection 7. Never- silica waveguides integrally
formed on the silicon  theless, provided the cladding of the waveguide is
base in order to optically interconnect the various  25  thick enough to
avoid significant absorption by the optoelectronic   chips.
Illustratively,  these   metal in the connection, the cross-over can be
waveguides include a transmission waveguide 14    utilized. and optical
couplers 20 and 23. Waveguide 14          The discussion which follows will
focus primar- couples a laser diode 16 to an optical fiber 18, and  ily on
the optical chips and, in particular, on the coupler 20, depicted as an
evanescent field coupler  30   manner in which they are optically coupled
to the for single-mode applications, has a waveguide seg-  silica
waveguides. ment 22 for coupling the optical fiber 18 to a        The
coupling of the silica waveguide to a receiver photodiode 24 and a
waveguide segment    photodetector is shown in FIGs. 2-5. In one em- 26 for
optically coupling laser 16 to a power moni-  bodiment, as shown in FIGs. 2
and 4, the tor photodiode 28. The other coupler 23, which is  35
photodiode 24 is oriented flat on the base 10 and is also shown as an
evanescent field coupler, taps a  elevated above the waveguide 22 by the
underlying small portion of the power from the waveguide 14  electrodes 44,
along with solder bumps 46 dis- in order to provide an optical test point
at location  posed  between  the  electrodes 44 and the 25, a function
which will be described later. For  photodiode 24 (FIG. 4). In order to
redirect the light multi-mode applications the couplers 20-23 would  40
from the waveguide 22, a groove 11 is etched preferably take the form of
well-known Y-couplers  through the core 30 (FIG. 2) so that the axis of the
rather than evanescent field couplers.            groove is transverse to
the axis of the waveguide, The oxide layer 12 on the base serves to
and one sidewall remote from the end of the electrically isolate the
various electrical contacts  waveguide is metalized to form a reflector 13.
formed thereon and to optically isolate the evanes-  45  Thus, light
emanating from  the end of the cent part of the optical mode in the
waveguide    waveguide, which strikes the reflector 13, is re- from the
base.                                    directed upwardly to the
photodiode 24. As shown in FIG. 6, the silica waveguides
Alternatively, as shown in FIG. 3, the end of the typically have an
approximately semi-circular core  waveguide 22 can be shaped to form an
oblique 30 surrounded by a lower cladding 32 and an   50  surface 15 which
undercuts the end of the upper cladding 34. The semi-circular shape of the
waveguide and serves, by total internal reflection, core matches the mode
in the waveguide 14 (FIG.   to redirect the light upwardly to the
photodiode 24. 1) to that in the fiber 18, and is about 5 [err] in
Importantly, these techniques for redirecting diameter for single-mode
propagation. Preferably,  the light traveling in the waveguides to a
direction the lower cladding 32 is formed by oxidizing the   55  upwardly
from the base 10 give rise to a significant surface of the silicon base 10,
and the core is   feature of the invention; that is, the provision of a
formed by depositing phosphosilicate glass by     test point 25, as shown
in FIG. 1. Test point 25, chemical vapor deposition, patterning the glass
to  which corresponds to the locations of FIGs. 2 and 3 
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redirected upwardly by the oblique  23 in the metalization on the top side
of the laser reflecting surfaces, can be utilized to monitor as-  so that
the pumping radiation can penetrate to its sembly functions or circuit
operations. For exam-  active region. Of course, if the top side
metalization pie, in order to determine whether or not the laser  is not
needed for other purposes (e.g., testing prior 16 is accurately aligned to
the waveguide 14, cou-   5   to mounting on the base), then it can be
omitted pier 23 couples a small fraction of the light from  altogether.
thus obviating the need to form an ap- the waveguide 14 to the test point
25. It is con-  erture 23. templated  that a  test head, containing  a
The fiber 18 is optically coupled to the photodetector in the appropriate
position, could be  waveguide 14 by means of a pair of tandem V- positioned
over the base 10 during assembly. With  10  grooves as shown in FIG. 10. A
relatively narrow V- the laser operating, laser-to-waveguide alignment is
groove 50 is aligned with the optical axis of the achieved when the optical
power at test point 25 is  waveguide 14, and its size is adapted to receive
maximized. In like fashion, other test points could  the bare portion 31 of
fiber 18 (FIG. 1), whereas the be incorporated on the base 10 to enable
various  larger V-groove 52 is axially aligned with groove 50 forms of
testing and measuring to be performed,  15  and its size is adapted to
receive the coated por- either automatically during operation of the tran-
tion 33 of fiber 18 (FIG. 1). The V-grooves are sceiver, or manually in the
field by allowing a   anisotropically etched by first partially etching the
craftsman to position an appropriately designed   larger groove 52 while
the location for the narrower test head over the test point to determine
whether  groove is masked, then removing the mask and a failure has
occurred in the circuit.       20  completing the etching of the larger
groove and the Alternatively, as  shown  in  FIG. 5, the      narrower
groove simultaneously. photodiode need not lay flat on the base 10 and, in
The optical subassemblies described above such cases, a V-groove
anisotropically etched. in  are completed, as shown in FIGs. 11 and 12, by
the base 10 can be utilized to position the       providing a lid 70 which
encloses the various chips photodiode 24 along the sidewall remote from the
25   mounted on the base 10; for simplicity, only a laser end of the
waveguide 22. In this fashion, the light  diode 92 and a photodiode 94
coupled by a emanating from the end of the waveguide strikes   waveguide 80
are shown. For hermetic applica- the photodiode directly. This
configuration has the  tions, the lid is sealed around its periphery to the
advantage that the oblique orientation of the     base. To simplify
achieving hermeticity, the fiber photodiode reduces the likelihood that
spurious re-  30  18 does not penetrate the hermetic enclosure. In-
flections will be coupled back into the waveguide  stead, a silicon fixture
76 has a V-groove 78 which 22 and possibly disrupt other components, such
as  is aligned above the V-groove 50 in the base 10 so lasers, coupled to
that waveguide.                as to form a channel to receive the fiber.
The The coupling of the laser diode 16 to the      channel serves to guide
the fiber and couple it to waveguide 14 is depicted in FIGs. 8 and 9. The
35  waveguide 80 which extends into the hermetic en- alignment scheme
described here can be utilized   closure. Although a notch could be formed
in the independently of the optical test point 25 or, if  lid to
accommodate the waveguide 80, in practice desired, in conjunction
therewith. As shown in FIG.  the sealant used to form the hermetic seal is
suffi- 8, the laser diode 16 has a mesa 19 formed on one   ciently maleable
to accommodate the waveguide surface thereof, and the base 10 has a groove
21   40   without the need for a notch. In general, the fixture axially
aligned with the waveguide 14. The mesa   76 and lid 70 could be a unitary
piecepart, but may be formed on the laser specifically for pur-  preferably
they are separate, as shown. poses of alignment or may be an integral part
of      As shown in FIG. 12, the lid 70 has a dimen- the laser for other
purposes (e.g., the waveguiding  sion parallel to the base 10 which is
shorter than ridge of a ridge-wayeguide laser). In any case, the   45  the
corresponding dimension of the base so that mesa 19 is guided by the groove
21 to provide     leads formed thereon protrude from under the lid
alignment of the active region 17 of the laser diode  ad allow electrical
access thereto. Only two sets of to the waveguide 14. The mesa and groove
may      such leads 73 and 75 are depicted for the pur- be designed to
produce precise alignment to the   poses of illustration. waveguide
directly, or may produce only coarse   50   Moreover, the lid 70 is
utilized to provide an alignment if so desired. In the latter case, the
laser  additional significant feature of the invention, that of diode 16
may be optically pumped by a separate    optical and electrical isolation
of chips on the base laser (e.g., a Nd:YAG laser (not shown) if laser   10,
as shown in FIG. 11. For optical isolation at diode 16 is a 1.3[err]
InP/InGaAsP device), and the  long wavelengths (e.g., about 1.1-1.6 [err]),
the inte- light coupled into the waveguide 14 is maximized   55  rior
surface of the lid is preferably metalized (not by monitoring either the
light coupled into the fiber  shown); in practice, the silicon is
preferably ox- 



18 or into the test point 25. Optical pumping of the  idized before the
metal is deposited. At shorter laser diode 16 is achieved by providing an
aperture  wavelengths (e.g., about 0.7-0.9 [err]), metalization 4    7
EP0331 338B1                        8 may not be required, since silicon
absorbs light at    Ically separate cavities (72,74) for receiving those
wavelengths. In either ease, the lid 70 is       said chips, said cavities
being separated by provided with a pair of separated cavities 72 and
material (77) in said lid which electrically and 74, which are adapted to
receive the laser 92 and      optically isolates said chips from one
another. photodiode 94, respectively, when the lid is in   5 place. Thus,
the devices are separated by seg-      2. The subassembly of claim 1,
wherein said lid ments of the lid (such as 77) which electrically and   is
hermetically sealed to said base and at least optically isolate the devices
from one another.        one of said waveguides extends from under It is
apparent that the lid serves multiple pur-    said lid to the exterior
thereof and further in- poses including: protecting the chips during mold-
10  cluding means (50,78,76) exterior to said lid for ing operations
associated with encapsulating the       coupling said at least one
waveguide (14) to an subassembly in a package; electrically and/or opti-
optical fiber (18). cally isolating chips. In addition, it can be used to
contain a conformal coating in the cavities for the  3. The subassembly of
claim 1, wherein said lid purpose of passivating the chips, if necessary.
15    has a dimension measured parallel to said In addition, the base 10
(or the fixture 76, or     surface which is less than the corresponding
both) may be provided with V-grooves along the         dimension of said
base and further including parallel edges thereof, as shown in FIGs. 12-13,
to    electrical contacts (73,75) on said base which accommodate guide rods
90 which may be utilized        extend from said chips under said lid to
the for plugging the subassembly into an equipment  20     exterior
thereof. frame or rack. Of course, the guide rods would thereby enable the
subassembly to be automati-      4. The subassembly of claim 1, wherein
parallel cally coupled to fibers (such as 18) which are part    edges of
said base or said lid Include grooves of the frame or rack equipment. The
subassembly        adapted to receive guide rods (90). may be used with a
base on which any optoelec-  25 tronic device is mounted (with or without a
lid) and  5. The subassembly of claim 1 wherein is optically coupled to the
fiber; it is not limited to    said waveguides include a transmission
embodiments in which the base carries an inte-         waveguide (14) and a
secondary waveguide grated circuit.
forming a pair of optical couplers (22,26) there- In FIG. 12, the V-grooves
100 are formed along   30  to, parallel edges of base 10 so as to
accommodate             said chips include a receiver photodetector the
rods 90. The latter may be affixed to the base,    (24) optically connected
to one (22) of said or may be part of an equipment frame. Alter-
couplers, a monitor photodetector (28) optically natively, in FIG. 13
fixture 76 is made wider, ex-     coupled to another (26) of said couplers
and tending to the width of the base. Parallel edges of  35  further
including a laser diode (16) coupled to the fixture and base are etched so
that, when          one end of said transmission waveguide, and assembled,
the etched features form V-grooves          further including 100 for
receiving the rods 90. From a processing           fiber alignment means
(50,78) disposed at standpoint the FIG. 13 design may be simpler to
the other end of said transmission waveguide. fabricate because the FIG. 12
design entails etch-   40 ing from both sides of the base with consequent
6. The subassembly of claim 1, wherein need for front-to-back alignment of
masks.                 one of said chips comprises a laser diode (16)
optically coupled to one end of a trans- Claims
mission waveguide (14) and further including 45          a coupler (20) for
extracting a fraction of 1. An optoelectronic integrated circuit subassem-
the light coupled from said laser diode into bly comprising
said transmission waveguide, and a single-crystal semiconductor base (10)
means (23) for redirecting the light in said having a major surface (12)
with an insulative      coupler to a test point (25) where light ema- layer
(12) thereon,                        50       nates upwardly from said
base, thereby to optical waveguides (14,22,26) integrally        enable the
alignment of the laser to the trans- formed on said surface,
mission waveguide to be monitored. at least two optoelectronic chips
(16,24,28) mounted on said base and optically coupled to   7. The
subassembly of claim 1, wherein 



said waveguides, said chips being physically  55       the major surface of
the base comprises a separated from one another, characterized by
groove axially aligned  with one of said a single-crystal semiconductor lid
(70) on      waveguides, and said base, said lid including at least two
phys-       one of said chips comprises a semicon- 5    *  C   L   M   S  *
7                 EP 0 331 338 B1                     8 may not be
required, since silicon absorbs light at     ically separate cavities
(72,74) for receiving those wavelengths. In either ease, the lid 70 is
said chips, said cavities being separated by provided with a pair of
separated cavities 72 and       material (77) in said lid which
electrically and 74, which are adapted to receive the laser 92 and
optically isolates said chips from one another. photodiode 94,
respectively, when the lid is in   5 place. Thus, the devices are separated
by seg-      2. The subassembly of claim 1, wherein said lid ments of the
lid (such as 77) which electrically and    is hermetically sealed to said
base and at least optically isolate the devices from one another.
one of said waveguides extends from under It is apparent that the lid
serves multiple pur-    said lid to the exterior thereof and further in-
poses including: protecting the chips during mold-   10  cluding means
(50,78,76) exterior to said lid for ing operations associated with
encapsulating the        coupling said at least one waveguide (1.4) to an
subassembly in a package; electrically and/or opti-     optical fiber (18).
cally isolating chips. In addition, it can be used to contain a conformal
coating in the cavities for the  3. The subassembly of claim 1, wherein
said lid purpose of passivating the chips, if necessary.  15     has a
dimension measured parallel to said In addition, the base 10 (or the
fixture 76, or      surface which is less than the corresponding both) may
be provided with V-grooves along the          dimension of said base and
further including parallel edges thereof, as shown in FIGs. 12-13, to
electrical contacts (73,75) on said base which accommodate guide rods 90
which may be utilized         extend from said chips under said lid to the
for plugging the subassembly into an equipment  20      exterior thereof.
frame or rack. Of course, the guide rods would thereby enable the
subassembly to be automati-      4. The subassembly of claim 1, wherein
parallel cally coupled to fibers (such as 18) which are part     edges of
said base or said lid include grooves of the frame or rack equipment. The
subassembly         adapted to receive guide rods (90). may be used with a
base on which any optoelec-   25 tronic device is mounted (with or without
a lid) and  5. The subassembly of claim 1 wherein is optically coupled to
the fiber; it is not limited to    said waveguides include a transmission
embodiments in which the base carries an inte-          waveguide (14) and
a secondary waveguide grated circuit.
forming a pair of optical couplers (22,26) there- In FIG. 12, the V-grooves
100 are formed along   30  to, parallel edges of base 10 so as to
accommodate              said chips include a receiver photodetector the
rods 90. The latter may be affixed to the base,     (24) optically
connected to one (22) of said or may be part of an equipment frame. Alter-
couplers, a monitor photodetector (28) optically natively, in FIG. 13
fixture 76 is made wider, ex-      coupled to another (26) of said couplers
and tending to the width of the base. Parallel edges of  35  further
including a laser diode (16) coupled to the fixture and base are etched so
that, when           one end of said transmission waveguide, and assembled,
the etched features form  V-grooves          further including 100 for
receiving the rods 90. From a processing           fiber alignment means
(50,78) disposed at standpoint the FIG. 13 design may be simpler to
the other end of said transmission waveguide. fabricate because the FIG. 12
design entails etch-   40 ing from both sides of the base with consequent
6. The subassembly of claim 1, wherein need for front-to-back alignment of
masks.                  one of said chips comprises a laser diode (16)
optically coupled to one end of a trans- Claims
mission waveguide (14) and further including 45          a coupler (20) for
extracting a fraction of 1. An optoelectronic integrated circuit subassem-
the light coupled from said laser diode into bly comprising
said transmission waveguide, and a single-crystal semiconductor base (10)
means (23) for redirecting the,light in said having a major surface (12)
with an insulative      coupler to a test point (25) where light ema- layer
(12) thereon,                         50      nates upwardly from  said
base, thereby to optical waveguides (14,22,26) integrally         enable
the alignment of the laser to the trans- 



formed on said surface,                             mission waveguide to be
monitored. at least two optoelectronic chips (16,24,28) mounted on said
base and optically coupled to    7. The subassembly of claim 1, wherein
said waveguides, said chips being physically  55      the major surface of
the base comprises a separated from one another, characterized by
groove axially  aligned  with  one of said a single-crystal semiconductor
lid (70) on       waveguides, and said base, said lid including at least
two phys-        one of said chips comprises a semicon- 5    9
EP 0 331 338 B1                    10      *  C  L  M  S  * ductor laser
diode having a mesa (19) formed       said base, said fixture having a pair
of edges thereon and an  active region, said mesa being      parallel to
those of said base, said edges hav- disposed in said groove (21) so as to
align        ing oblique surfaces therein forming parallel V- said active
region with said waveguide (14).       grooves, so that guide rods (90) for
said sub- 5       assembly are positionable in said grooves. 8. The
subassembly of claim 7 wherein said laser has opposing major surfaces,
PatentansprUche said mesa is disposed on one of said major surfaces, and
1. Optoelektronische integrierte Schaltungsbau- metalization having an
aperture (23) there-  io  gruppe mit einer Einkristall-Halbleiterbasis (10)
in is disposed on said opposing major surface.      mit einer
Hauptoberflche (12) mit einer isolie- renden Schicht (12) daran, optischen
Wellen- 9. The subassembly of claim 1, wherein                 leitem (14,
22, 26), die integral an der Oberflg- at least one of said waveguides (80)
ex-        che ausgebildet sind, wenigstens zwei opto- tends from under
said lid to the exterior there-  is  elektronischen Chips (16, 24, 28), die
an der of, and further including                           Basis befestigt
sind und optisch an die Wellen- means (50,78) exterior to said lid for cou-
leiter gekoppelt sind, wobei die Chips physika- pling said at least one
waveguide to an optical     lisch voneinander getrennt sind, fiber,
gekennzeichnet durch said lid having a dimension measured par-  20   einen
Einkristall-Halbleiterdeckel (70) an der allel to said surface which is
less than the        Basis, wobei der Deckel wenigstens zwei phy-
corresponding dimension of said base and fur-       sikalisch getrennte
Aushohlungen (72, 74) zum ther including electrical contacts (73,75) .on
Aufnehmen der Chips umfa~t, wobei die Aus- said base which extend from said
chips under        h6hlungen durch Material (77), welches die said lid to
the exterior thereof.          25       Chips elektrisch und optisch
voneinander iso- liert, in dem Deckel getrennt sind. 10. The subassembly of
claim 9, wherein said waveguides include a transmission      2. Baugruppe
nach Anspruch 1, in welcher der waveguide (14) and a secondary waveguide
Deckel hermetisch an der Basis gedichtet ist forming a pair (22,26) of
optical couplers there-  30  und wenigstens einer der Wellenleiter sich un-
to, and                                            ter dem Deckel zu dessen
AuBerem erstreckt said chips include a receiver photodetector     und
ferner umfassend eine Einrichtung (50, 78, (24) optically connected to one
of said cou-        76), die zum Koppeln des wenigstens einen piers, a
monitor photodetector (28) optically       Wellenleiters (14) an eine
optische Faser (18) coupled to another of said couplers, and fur-  35
auierhalb des Deckels ist. ther including a laser diode (16) coupled to one
end of said transmission waveguide.         3  Baugruppe nach Anspruch 1,
in welcher der Deckel eine Abmessung, gemessen parallel zu 11. The
subassembly of claim 10 wherein                der Oberfliche aufweist, die
kleiner als die said base has a major surface (12) in  40
entsprechende Abmessung der Basis ist, und which a groove (21) is formed,
one of said         ferner elektrische Kontakte (73, 75) an der Ba-
waveguides (14) is axially aligned with said       sis umfaBt, die sich von
den Chips unter dem groove, and
Deckel zu dessen AuBerem erstrecken. said laser has a mesa (19) formed
thereon and an active region, said mesa being dis-  45  4. Baugruppe nach
Anspruch 1, in welcher paral- posed in said groove (21) so as to align said
lele Kanten der Basis odor des Deckels Fur- active region with said one
waveguide.              chen umfassen, die FlhrungsstAbe 90 aufneh- men
konnen. 12. The subassembly of claim 9 wherein 



said base has a pair of parallel edges and   50  5. Baugruppe nach Anspruch
1, in welcher die a V-groove formed in each of said edges, so
Wellenleiter  einen  Obertragungswellenleiter that guide rods (90) for said
subassembly are      (14) und einen sekunddren Wellenleiter, die ein
positionable in said grooves.                       Paar optischer Koppler
(22, 26) bilden, umfas- sen, wobei die Chips einen Empfanger-Photo- 13. The
subassembly of claim 9 wherein        55       detektor (24) umfassen, der
optisch mit einem said base has a pair of parallel edges, and     (22) der
Koppler verbunden ist, einen Monitor- said coupling means includes a
single-          Photodetektor (28) umfassen, der optisch an crystal
silicon fixture mounted at one end of       einen anderen (26) der Koppler
gekoppelt ist 6    11             EP 0 331 338 B1                    12
*   C  L  M  S  * und ferner eine Laserdiode (16) umfassen, die      an
einen der Koppler angeschlossen ist, einen an ein Ende des
Obertragungswellenleiters ge-      Monitor-Photodetektor (28) umfassen, der
op- koppelt, ist und ferner eine Faserausrichtungs-   tisch an einen
anderen der Koppler gekoppelt einheit (50, 78) umfassen, die an dem anderen
ist und ferner eine Laserdiode (16) umfassen, Ende des
Obertragungswellenleiters angeord-   5    die an ein Ende des
Obertragungswellenleiters net ist.
gekoppelt ist. 6. Baugruppe nach Anspruch 1, in welcher einer     11.
Baugruppe nach Anspruch 10, in welcher die der Chips eine Laserdiode (16)
umfalt, die         Basis eine Hauptoberflache (12) hat, in welcher optisch
an ein Ende des Obertragungswellen-   lo   eine Furche (21) ausgebildet
ist, wobei einer leiters (14) gekoppelt ist, und ferner einen       der
Wellenleiter (14) axial zur Furche ausge- Koppler (20) umfalt zum
Extrahieren eines         richtet ist, und wobei der Laser elne an diesem
Bruchteils des Lichtes, das von der Laserdiode     ausgebildete Mesa (19)
hat und einen aktiven in den Obertragungswellenleiter gekoppelt ist,
Bereich, wobei die Mesa in der Furche (21) so und eine Einrichtung (23)
umfa1t zum Umlen-  15    angeordnet ist, daB der aktive Bereich zu ei- ken
des Lichts in dem Koppler zu einem PrOf-       nem Wellenleiter
ausgerichtet ist. punkt (25), an welchem Licht nach oben von der Basis
austritt, wobei die Oberwachung der  12. Baugruppe nach Anspruch 9, in
welcher die Ausrichtung des Lasers zum Obertragungswel-        Basis ean
Paar paralleler Kanten hat und elne lenleiter erm6glicht ist.
20       V-Furche in jeder der Kanten ausgebildet ist, so daB FUhrungsstabe
(90) fOr die Baugruppe 7. Baugruppe nach Anspruch 1, in welcher die
in den Furchen anordenbar sind. Hauptoberflfche der Basis eine axial zu
einem der Wellenleiter ausgerichtete Furche umfalt   13 Baugruppe nach
Anspruch 9, in welcher die und einer der Chips eine Halbleiterlaserdiode
25  Basis ein Paar paralleler Kanten hat und die mit einer daran
ausgebildeten Mesa (19) und        Kopplungseinrichtung eine einkristalline
Silizi- einem aktiven Bereich umfaft, wobei die Mesa       umbefestigung
umfalt, die an einem Ende der in der Furche (21) so angeordnet ist, daB der
Basis befestigt ist, wobel die Befestigung ein aktive Bereich zum
Wellenleiter (14) ausgerich-    Paar von Kanten parallel zu denjenigen der
tet ist.                                  30       Basis hat, wobei die
Kanten geneigte Oberfil- chen haben, die darin parallele V-Furchen so 8
Baugruppe nach Anspruch 7, in welcher der           ausbilden, daB die
FUhrungsstAbe (90) far die Laser gagenaberliegende  Hauptoberflachen
Baugruppen in den Furchen anordenbar sind. hat, wobei die Mesa an einer der
Hauptoberfl&- chen angeordnet ist, und eine Metallisierung   35
RevendIcations mit elner Offnung (23) darin an der gegenOber- liegenden
Hauptoberflache angeordnet ist.      1. Un sous-ensemble de circuit int6gre
opto~lec- tronique, comprenant 9. Baugruppe nach Anspruch 1, in welcher
sich             une base en semiconducteur monocristal- wenigstens einer
der Wellenleiter (80) unter  40  fin (10) ayant une surface principale (12)
sur dem  Deckel hervor zu dessen Auleren er-           laquelle est formee
une couche isolante (12), streckt und ferner
des guides d'ondes optiques (14, 22, 26) eine Einrichtung (50, 78)
auBerhalb des Dek-       integr6s sur la surface precitee, kels umfaft zum
Koppeln wenigstens eines             au moins deux puces optoelectroniques
Wellenleiters an eine optische Faser, wobei  45    (16, 24, 28) mont6es sur
la base et en coupla- der Deckel eine Abmessung parallel zur Ober-
ge. optique avec les guides d'ondes, ces puces flache hat, die kWeiner als
die entsprechende      etant physiquement s~par6es l'une de I'autre,
Abmessung der Basis ist und ferner elektri-        caract6ris6 par 



sche Kontakte (73, 75) an der Basis umfaflt,           un capot en
semiconducteur monocristallin die sich von den Chips unter dem Deckel zu
so    (70 sur la base, ce capot comprenant au moins dessen Auflerem
erstrecken.                        deux cavit6s physiquement separ6es (72,
74) pour recevoir les puces, ces cavit6s 6tant s6- 10. Baugruppe nach
Anspruch 9, in welcher die          parees par un mat6riau (77) dans le
capot qui Wellenleiter  einen  Obertragungswellenleiter      isole
mutuellement les puces au point de vue (14) und eanen sekundaren
Wellenleiter, die ein  65  6lectrique et optique. Paar (22, 26) von
optischen Kopplern bilden, umfassen, und wobei die Chips einen Empffin-
2. Le sous-ensemble de la revendication 1, dans ger-Photodetektor (24)
umfassen, der optisch       lequel le capot est scell6 hermetiquement sur 7
* C   L  R   S* 13                EP 0 331 338 B1                     14 la
base et IPun au moins des guides d'ondes     7. Le sous-ensemble de la
revendication 1, dans s'etend a partir d'une r6gion situee sous le
lequel capot vers l'ext-rieur de celui-ci, des moyens         (a surface
principale de la base comprend (50, 78, 76) situes a l'ext6rieur du cap6t
etant    une rainure qui est align6e axialement avec en outre incorpores
pour coupler le guide d'on-   5  P'un des guides d'ondes, et des (14) a une
fibre optique (18).                     Iune des puces consiste en une
diode laser a semiconducteurs ayant une mesa (19) 3  Le sous-ensemble de la
revendication 1, dans        formde sur elle et une r6gion active, la m6sa
lequel le capot a une dimension, mesuree pa-       etant dispos6e dans la
rainure (21) de fagon a rallelement a la surface precit6e, qui est infe-
to  aligner la r6gion active avec le guide d'ondes rieure a la dimension
correspondante de la         (14). base, et des contacts 6lectriques (73,
75) sont en outre disposes sur la base et sWteendent a   &  Le
sous-ensemble de la revendication 7, dans partir des puces situees sous le
capot, jusqu'a    lequel lext6rieur de ce dernier.                 is
le laser comporte des surfaces principales opposees, 4. Le sous-ensemble de
la revendication 1, dans            la mesa est disposee sur l'une de ces
lequel des bords parallbles de la base ou du       surfaces principales, et
capot comportent des rainures qui sont                 une m6tallisation
dans laquelle est form~e congues pour recevoir des tiges de guidage   20
une ouverture (23) est disposee sur la surface (90).
principale opposee. 5. Le sous-ensemble de la revendication 1, dans     9.
Le sous-ensemble de la revendication 1, dans lequel
lequel les guides d'ondes comprennent un guide   25       I'un au moins des
guides d'ondes (80) d'ondes de transmission (14) et un guide d'on-
s'etend a partir d'une region situee sous le des secondaire formant une
paire de coupleurs       capot jusqu'& l'exteieur de celui-ci, et la struc-
optiques (22, 26) en relation avec le guide         ture comprend en outre
d'ondes d'6mission,                                    des moyens (50, 78)
situes & l'exterieur du les puces comprennent un photor6cepteur   30
capot pour coupler le guide d'ondes a une de rdception (24) en couplage
optique avec          fibre optique, Pun (22) des coupleurs, un
photod6tecteur de           le capot ayant une dimension, mesur6e contr8le
(28) en couplage optique avec un           parallblement A la surface, qui
est inferieure a autre (26) des coupleurs, et en outre une diode     la
dimension correspondante de la base, et il laser (16) qui est couplee a une
extremit6 du   35  existe en outre des contacts electriques (73, guide
d'ondes de transmission, et le sous-          75) sur la base qui
s'etendent a partir des ensemble comprend en outre
puces sous le capot, jusqu'a I'ext6rieur de des moyens d'alignement de
fibre (50, 78)       celui-ci. 'f'-'    disposds a l'autre extremite du
guide d'ondes de transmission.                           40  10. Le
sous-ensemble de la revendication 9, dans lequel 6. Le sous-ensemble de la
revendication 1, dans           les guides d'ondes comprennent un guide
lequel                                              d'ondes de transmission
(14) et un guide d'on- Iune des puces consiste en une diode            des
secondaire formant une paire de coupleurs laser (16) en couplage optique
avec une extre-  45  optiques (22, 26) avec le guide d'ondes de mite d'un
guide d'ondes de transmission (i4),      transmission, et 



et la structure comprend en outre                      les puces
comprennent un photod6tecteur un coupleur (20) pour extraire une fraction
de reception (24) en couplage optique avec de la lumiere qui est emise par
la diode laser      'un des coupleurs, un photodetecteur de et est coupl6e
vers le guide d'ondes de tran-  50   contr8le (28) en couplage optique avec
l'autre smission, et                                        coupleur, et en
outre une diode laser (26) qui des moyens (23) pour reorienter la lumiere
est couplee A une extremit6 du guide d'ondes dans le coupleur vers un point
de test (25)         de transmission. auquel la lumiere emane vers le haut
a partir de la base, pour permettre ainsi de controler  55  11. Le
sous-ensemble de la revendication 10, dans l'alignement du laser avec le
guide d'ondes de     lequel transmission.
Ia base comporte une surface principale (12) dans laquelle est formee une
rainure (21), 8    * C   L   M   S 15                 EP 0 331 338 B1
16 et l'un des guides d'ondes (14) est aligne axialement avec cette
rainure, et le laser comporte une m6sa (19) form~e sur lui et une r6gion
active, la mesa etant disposee dans la rainure (21) de fagon A all-   5
gner la region active avec le guide d'ondes pr6cite. 12. Le sous-ensemble
de la revendication 9, dans lequel                                     10
la base comporte une paire de bords pa- ralleles et une rainure en V form6e
dans cha- cun des bords, de faron que des tiges de guidage (90) pour le
sous-ensemble puissent etre positionn6es dans ces rainures.       i5 13 Le
sous-ensemble de la revendication 9, dans lequel la base comporte une paire
de bords pa- ralleles, et                               20 les moyens de
couplage comprennent un dispositif d'alignement en silicium monocristal-
tin qui est mont6 A une extr6mite de la base, ce dispositif d'alignement
comportant une pai- re de bords qui sont paralleles A ceux de la  25 base,
ces bords ayant des surfaces obliques qui forment des rainures en V
paralleles, de fagon quo des tiges de guidage (90) pour le sous-ensemble
puissent etre positionnees dans ces rainures.                         30 35
40 45 50 55 9    


