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Description

[0001] The present invention relates generally to mi-
cro-optical devices. More particularly, the present inven-
tion relates to micro-optical devices that may be used as
pigtailing assemblies which include a pigtailing chip hav-
ing an optoelectronic component and an optical fiber that
optically coupled with an optical component, for example,
one or more waveguides on an integrated optic chip.
[0002] Integrated optic chips (IOCs), also referred to
as waveguide chips or planar lightwave circuits, are often
pigtailed (or attached) to optical fibers. U.S. Patent No.
6,839,492, to Kwon et al, discloses such a structure. Of-
ten this pigtailing is done using a glass, ceramic, or silicon
ferrule, containing one or more fibers either singularly or
in a precision array. The edge of the waveguide and the
fiber pigtailing assembly are buttcoupled, aligned, and
bonded together allowing the light to pass with limited
loss between the optical fibers and the integrated optic
chip. However, a challenge in building waveguide devic-
es has been to achieve high performance and low cost
while additionally incorporating active devices such as
lasers and photodetectors.
[0003] US2003/169422 A1 discloses a method and
system of aligning an optical fiber or optical fiber array
to an optical circuit device couples an optical signal
source and an optical measuring device to the optical
fiber array, the other side of which array is coupled to the
same side of the optical circuit device, thereby forming
an initial U-shaped optical path from the optical signal
source to the optical fiber array to the optical circuit device
to the optical fiber array and to the optical measuring
device. The optical path is adjusted until the optical meas-
uring device finds a characteristic of the optical signal to
be satisfactory.
[0004] In the context of the present invention
US2003/169422 A1 may be said to provide a micro-op-
tical device, comprising: a first chip, comprising: a sub-
strate; an optoelectronic component on the substrate ori-
ented to optically communicate across a first region of
an edge of the substrate.
[0005] Historically active devices are either packaged
separately and joined to the waveguide with an optical
fiber that runs between the devices, or the active devices
are placed directly onto the integrated optic chip. To cou-
ple between the active device and the waveguides on
the chip, various methods, including the use of grating
couplers and embedded microreflectors in the integrated
optic chip have been used. These features are made to
move the optical light to an elevation out of the plane of
the optical waveguides by reflecting, refracting, or dif-
fracting the light. Incorporation of such features into the
waveguide die is usually expensive and requires addi-
tional processing steps. Therefore, there is a need in the
art for technology that provides optical assemblies that
permit high-performance, low-cost coupling of active op-
tical devices with optical components such as
waveguides and optical fibers.

[0006] The present invention provides a micro-optical
device. The micro-optical device includes: a first chip
which includes a substrate, an optoelectronic component
on the  substrate oriented to optically communicate
across a first region of an edge of the substrate, and an
optical fiber on the substrate oriented to optically com-
municate across a second region of the substrate edge;
and an optical component oriented to optically commu-
nicate with the optoelectronic component and the optical
fiber across the first and second edge regions, respec-
tively. The optical component is disposed proximate to
the first chip in an optical path between the optoelectronic
component and the optical fiber. In one configuration, the
optical component is an optical waveguide. The micro-
optical device may include a second chip, for example,
an integrated optic chip, which includes the optical com-
ponent.
[0007] The foregoing summary and the following de-
tailed description of the present invention will be best
understood when read in conjunction with the appended
drawings, in which:

FIG. 1 schematically illustrates a micro-optical de-
vice in accordance with the present invention includ-
ing a pigtailing chip having an optoelectronic com-
ponent and an optical fiber disposed thereon and
including an integrated optic chip butt-coupled to the
pigtailing chip to permit optical communication be-
tween the optoelectronic component and the optical
fiber;

FIG. 2 schematically illustrates a micro-optical de-
vice in accordance with the present invention includ-
ing a pigtailing chip having an optoelectronic com-
ponent and first and second optical fibers disposed
thereon and including an integrated optic chip butt-
coupled to the pigtailing chip to permit optical com-
munication between the optoelectronic component
and the first optical fiber and to permit optical com-
munication between the first fiber and the second
fiber;

FIG. 3 schematically illustrates a micro-optical de-
vice in accordance with the present invention includ-
ing a pigtailing chip having an optoelectronic com-
ponent and first, second, and third optical fibers dis-
posed thereon and including an integrated optic chip
butt-coupled to the pigtailing chip to permit optical
communication between the  optoelectronic compo-
nent and the second optical fiber and to permit optical
communication between the first fiber and the third
fiber;

FIG. 4A schematically illustrates a micro-optical de-
vice in accordance with the present invention includ-
ing a pigtailing chip having an optoelectronic com-
ponent, optical fiber, and a reflector facet disposed
thereon and including an integrated optic chip butt-
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coupled to the pigtailing chip to permit optical com-
munication between the optoelectronic component
and the optical fiber and to permit optical communi-
cation between the optical fiber and the reflector fac-
et; and

FIG. 4B schematically illustrates the micro-optical
device of FIG. 4A, having a surface emitting device
disposed over the reflector facet in optical commu-
nication with the reflector facet.

[0008] Referring now to the figures, wherein like ele-
ments are numbered alike throughout, a micro-optical
device, generally designated 100, in accordance with the
present invention is provided. The pigtailing assembly
100 includes a pigtailing subassembly, such as pigtailing
chip 10, which includes a substrate 9, an active device,
such as an optoelectronic component 12, and includes
an optical channel, such as an optical fiber 18. As used
herein, the term "optoelectronic component" includes ac-
tive devices that emit, detect, or otherwise alter an optical
beam, including for example optical sources, optical de-
tectors, and MEMS devices. The term "optical compo-
nent" includes optical elements, such as optical
waveguides, optical fibers, lenses, gratings, prisms, fil-
ters, and so forth. As used herein, the term "a" and "an"
are intended to encompass one or more. The term "on"
is not limited to elements being directly in contact with
each other, but may also include intervening layers,
structures and space.
[0009] The optoelectronic component 12 and optical
fiber 18 are typically oriented on the pigtailing chip 10 so
that the optoelectronic component 12 and optical fiber
18 optically communicate across a first and second re-
gion, respectively, of a single edge of the substrate 9,
such as coupling edge 11. Such a configuration of the
optoelectronic component 12 and optical fiber 18, where
optical communication of these elements takes  place
across a single edge 11, permits the optoelectronic com-
ponent 12 and optical fiber 18 to be butt-coupled to an
optical component, such as one or more waveguides on
an integrated optic chip 20, for example, at a single cou-
pling edge 11 of the pigtailing chip 10. The integrated
optic chip 20 includes a waveguide 22 configured to per-
mit optical communication between the optoelectronic
component 12 and the optical fiber 18 when the integrat-
ed optic chip 20 is butt-coupled to the pigtailing chip 10.
[0010] The integrated optic chip 20 provides one or
more functions, indicated by the broken lines, for exam-
ple, wavelength multiplexing, wavelength demultiplex-
ing, optical attenuation, optical amplification, switching,
modulation, and mode conversion. The integrated optic
chip may further include one or more additional active
and/or passive devices (e.g., lasers, photodetectors, in-
tegrated circuits, drivers, filters, lenses, prisms) thereon
or formed therein. High delta-n waveguides such as
those based on silicon oxynitrides or semiconductors
such as silicon, indium phosphide and gallium arsenide,

or photonic crystal devices, are particularly suitable due
to their ability to be fabricated with small geometries.
Thus, the present invention provides a micro-optical pig-
tailing assembly 100 that permits optical communication
between the optoelectronic component 12 and an optical
channel, such as optical fiber 18, via an optical compo-
nent such as a waveguide 22, which may be provided as
part of an integrated optic chip. In one exemplary appli-
cation, the micro-optical assemblies of the invention may
be used in a triplexer configuration. Such a configuration
finds use, for example, in fiber-to-the-home applications,
for example, using 1490 nm and 1550 nm incoming and
1310 nm outgoing signals.
[0011] Turning now to FIG. 1 in more detail, the pig-
tailing chip 10 desirably contains at least one active de-
vice, such as an optoelectronic component 12, and at
least one optical channel, such as an optical fiber 18.
Optionally, an optical component, such as a lens 14, may
be provided on the pigtailing chip in optical communica-
tion with the optoelectronic component 12 to facilitate the
coupling of light to or from the optical component 12. (As
used herein, the term "light" is not limited to the visible
spectrum, but includes electromagnetic radiation outside
of the visible spectrum.). The active device 12 alone or
together with other optional components, such as optical
component 14 or other active devices, may optionally be
hermetically enclosed so as to form part of a hermetically
sealed package 13. Such a structure may include, for
example, a transparent wall or lid through which an op-
toelectronic signal to and/or from the optoelectronic com-
ponent may pass, or a hermetic coating such as a low-
temperature CVD coating over the optoelectronic com-
ponent.
[0012] The optoelectronic component 12 and optical
fiber 18 are desirably provided on the same substrate 9,
so that manufacturing processes, such as photolitho-
graphic processes, may be used to accurately establish
the relative position of the optoelectronic component 12
to that of the optical fiber 18. For example, the pigtailing
chip may desirably be single-crystal silicon, which is ame-
nable to photolithographic processing. In particular, the
location of the optical fiber 18 may be determined by pro-
viding a V-groove 16 disposed on the upper surface of
the pigtailing chip 10. The V-groove 16 may be created
by etching a single crystal silicon wafer using established
or other suitable methods. For example, the V-groove 16
may be provided by anisotropic etching of a (100) silicon
wafer so that the surfaces of the V-groove 16 are {111}
crystallographic planes. During the same anisotropic
etching process, the locations of the optoelectronic com-
ponent 12 and ball lens 14 may be established. For in-
stance, the location of the ball lens 14 may be established
by providing a pyramidal-shaped pit or V-pit which may
be etched at the same time as the V-groove 16, whereby
the V-pit also includes surfaces that are {111} crystallo-
graphic planes. Likewise, the location of the optoelec-
tronic component 12 may be established during the same
etching step to provide an appropriately shaped cavity
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into which the optoelectronic component 12 may be seat-
ed. Other suitable chip materials and manufacturing
processes may also be used that permit precise position-
ing of the optoelectronic component 12 and optical fiber
18 relative to one another, along with any other optional
components, for example, by deposition and  etching
processes to form alignment fiducials for seating the op-
toelectronic and optical components.
[0013] The optoelectronic component 12 (along with
optional lens 14) and optical fiber 18 are oriented on the
pigtailing chip 10 so that the optoelectronic component
12 and optical fiber 18 may communicate across (e.g.,
over, under, or through) a single coupling edge 11 of the
pigtailing chip 10, to permit the optoelectronic component
12 and optical fiber 18 to be optically coupled by butt-
coupling to a single optical component. For example, the
optoelectronic component 12 and optical fiber 18 may be
simultaneously butt-coupled to an integrated optic chip
20. In this regard, the integrated optic chip 20 includes
an optical waveguide 22 which may include first and sec-
ond ends 23, 24 disposed at a coupling surface 21 of the
integrated optic chip 20. The first end 23 and the second
end 24 of the waveguide 22 may be optically coupled to
the optical fiber 18 and the optoelectronic component 12,
respectively, by placing the coupling edge 21 of the in-
tegrated optic chip 20 in facing opposition to the coupling
edge 11 of the pigtailing chip 10, so that the waveguide
and pigtailing chips 20, 10 are butt-coupled to one an-
other. To verify that the waveguide ends 23, 24 are prop-
erly aligned with the optical fiber 18 and the optoelec-
tronic component 12, respectively, to maximize optical
coupling, the optoelectronic component 12 may be pow-
ered or interrogated during the process of aligning the
pigtailing chip 10 and integrated optic chip 20.
[0014] For instance, if the optoelectronic component
12 includes a light source, such as a laser, the laser may
be activated to emit light that is received by the
waveguide 22 and delivered to the optical fiber 18. A
detector may be provided to monitor the output of the
optical fiber 18 to detect when the chips 10, 20 are best
aligned to maximize the optical throughput. Alternatively,
for example, if the optoelectronic component 12 includes
a detector, a light source may be coupled to the optical
fiber 18 at the end of the fiber 18 distal to the coupling
edge 11, so that the optoelectronic component 12 can
detect when the chips 10, 20 are best aligned to maximize
the optical throughput. Once the optimal location of the
chips 10, 20 is determined, the chips 10, 20 can be bond-
ed  together allowing the light to pass with limited loss
between the optical fiber 18, optoelectronic component
12, and waveguide 22. In some cases, however, it may
be inconvenient or undesirable to power or interrogate
the optoelectronic component 12 during coupling of the
pigtailing chip 10 to the integrated optic chip 20. In such
a case, it may be desirable to provide an additional optical
channel on each of the pigtailing chip 10 and the inte-
grated optic chip 20, as illustrated in FIG. 2, to permit
passive alignment of the pigtailing chip 10 and integrated

optic chip 20.
[0015] For example, with reference to FIG. 2, another
exemplary configuration of a pigtailing assembly, gener-
ally designated 200, in accordance with the present in-
vention is illustrated. Except where noted, the description
above with reference to FIG. 1 is applicable to FIG. 2 and
to the other exemplified aspects of the invention. The
pigtailing assembly 200 includes a pigtailing subassem-
bly, such as pigtailing chip 210, which includes a sub-
strate 209, an active device, such as optoelectronic com-
ponent 212 and optional lens 214, and includes at least
two optical channels, such as signal fiber 218 and align-
ment fiber 219. The active device 212 alone or together
with other optional components, such as optical compo-
nent 214 or other active devices, may optionally be her-
metically enclosed so as to form part of a hermetically
sealed package 213 such as described above with ref-
erence to FIG. 1. In a similar manner to the pigtailing chip
configuration of FIG. 1, the optoelectronic component
212, signal fiber 218, and alignment fiber 219 are desir-
ably oriented on the pigtailing chip 210 so that the opto-
electronic component 212, signal fiber 218, and align-
ment fiber 219 optically communicate across first, second
and third regions, respectively, of a single edge of the
substrate 209, such as coupling edge 211, to permit the
optoelectronic component 212, signal fiber 218, and
alignment fiber 219 to be optically coupled by butt-cou-
pling to a single optical component.
[0016] Provision of a second optical channel, for ex-
ample, alignment fiber 219, permits alignment between
the pigtailing chip 210 and optical component such as
waveguides on integrated optic chip 220, without pow-
ering or interrogating the optoelectronic  component 212.
The pigtailing chip 210 may be provided by the manu-
facturing processes described above with respect to the
pigtailing chip 10 of FIG. 1. In particular, the locations of
the fiber 218, 219 may be determined by providing V-
grooves 231, 232 disposed in the upper surface of the
substrate 209, and the location of the optoelectronic com-
ponent 212 may be established at the same step to pro-
vide an appropriately shaped cavity into which the opto-
electronic component 212 may be seated. For typical ap-
plications, such as those which include single-mode
1300-1600 nm communication devices, the precision
with which the components (e.g., fibers 218, 219 and
optoelectronic device 212) are located relative to one an-
other may be, for example, within several microns or less.
The integrated optic chip 220 includes a waveguide 222
configured to permit optical communication between the
signal fiber 218 and the optoelectronic component 212
and between the signal fiber 218 and the alignment fiber
219 when the integrated optic chip 220 is butt-coupled
to the pigtailing chip 210. In this regard the waveguide
222 includes a loopback waveguide 233 to permit optical
communication between the signal fiber 218 and the op-
toelectronic component 212, and a tap waveguide 234
to permit optical communication between the signal fiber
218 and the alignment fiber 219, respectively.
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[0017] The optoelectronic component 212, signal fiber
218, and alignment fiber 219 may be simultaneously butt-
coupled to integrated optic chip 220. The integrated optic
chip 220 includes an optical waveguide 222 which may
desirably include first, second, and third ends 223, 224,
225 disposed at a coupling surface 221 of the integrated
optic chip 220. The first end 223 of the waveguide 222
may be optically coupled to the signal fiber 218, the sec-
ond end 224 to the optoelectronic component 212, and
the third end 225 to the alignment fiber 219 by placing
the coupling edge 221 of the integrated optic chip 220 in
facing opposition to the coupling edge 211 of the pigtail-
ing chip 210, so that the waveguide and pigtailing chips
220, 210 are butt-coupled to one another. To verify that
the waveguide ends 223, 224 are properly aligned with
the signal fiber 218 and the optoelectronic component
212 to maximize optical coupling, the optoelectronic
component 212 need not be powered or interrogated dur-
ing the process of aligning the pigtailing chip 210 and
integrated optic chip 220. Instead, proper alignment may
be verified by monitoring optical communication between
the signal fiber 218 and alignment fiber 219.
[0018] For instance, a light source may be coupled to
either the alignment fiber 219 or the signal fiber 218 at a
respective end of the fiber 218, 219 distal to the coupling
edge 211. In addition, a detector may be provided at the
distal end of the other fiber 218, 219 to which the light
source is not coupled so that the detector can detect
when the chips 210, 220 are best aligned to maximize
the optical throughput. Once the optimal location of the
chips 210, 220 is determined, the chips 210, 220 can be
bonded together allowing the light to pass with limited
loss between the signal fiber 218, optoelectronic compo-
nent 212, and waveguide 222. Thus, by providing an ex-
ternal light source and an external detector, the optoe-
lectronic component 212 need not be powered or inter-
rogated during the alignment process.
[0019] Still further, another exemplary configuration of
a pigtailing assembly in accordance with the present in-
vention, that may be aligned without the need to power
or monitor an optoelectronic component 312 is illustrated
in FIG. 3 and generally designated 300. The pigtailing
assembly 300 includes a pigtailing subassembly, such
as pigtailing chip 310, which includes a substrate 309,
an active device, such as an optoelectronic component
312 and an optional lens 314, and includes at least three
optical channels, such as a signal fiber 318 and first and
second alignment fibers 317, 319. The active device 312
alone or together with other optional components, such
as optical component 314 or other active devices, may
optionally be hermetically enclosed so as to form part of
a hermetically sealed package 313 such as described
above with reference to FIG. 1. In a similar manner to
the pigtailing chip configuration of FIG. 2, the optoelec-
tronic component 312, signal fiber 318, and alignment
fibers 317, 319 are desirably oriented on the pigtailing
chip 310 so that the optoelectronic component 312, sig-
nal fiber 318, and alignment fibers 317, 319 optically com-

municate across first, second, third and fourth regions,
respectively, of a single edge of the substrate 309, such
as coupling edge 311. In particular, the locations of the
signal fiber 318 and alignment fibers 317, 319 may be
determined by providing V-grooves 331, 332, 333 dis-
posed in the upper surface of the pigtailing chip 310, and
the location of the optoelectronic component 312 may be
established at the same step by providing an appropri-
ately shaped cavity into which the optoelectronic com-
ponent 312 may be seated.
[0020] Provision of second and third optical channels,
for example, alignment fibers 317, 319, permits align-
ment between the pigtailing chip 310 and optical compo-
nent such as one or more waveguides on an integrated
optic chip 320 to be accomplished via dedicated align-
ment channels, for example, alignment fibers 317, 319.
Like the pigtailing chip 210 of the configuration of FIG.
2, the pigtailing chip 310 may be provided by similar man-
ufacturing processes having similar precision with which
the components are located relative to one another.
[0021] The integrated optic chip 320 includes a signal
loopback waveguide 322 configured to permit optical
communication between the signal fiber 318 and the op-
toelectronic component 312, and includes an alignment
loopback waveguide 323 configured to permit optical
communication between the first alignment fiber 317 and
the second alignment fiber 319 when the integrated optic
chip 320 is butt-coupled to the pigtailing chip 310. The
optoelectronic component 312, signal fiber 318, and
alignment fibers 317, 319 are oriented on the pigtailing
chip 310 so that the signal fiber 318 optically communi-
cates with the optoelectronic component 312 and the
alignment fibers 317, 319 communicate with one another
across a single coupling edge 311 of the pigtailing chip
310, to permit the optoelectronic component 312, signal
fiber 318, and alignment fibers 317, 319 to be optically
coupled by butt-coupling to an optical component.
[0022] The optoelectronic component 312, signal fiber
318, and alignment fibers 317, 319 may be simultane-
ously butt-coupled to integrated optic chip 320. In this
regard, the signal loopback waveguide 322 which may
desirably include first and second ends 324,  325 dis-
posed at a coupling surface 321 of the integrated optic
chip 320. The first end 324 of the signal loopback
waveguide 322 may be optically coupled to the signal
fiber 318, and the second end 325 to the optoelectronic
component 312. Similarly, the alignment loopback
waveguide 323 may desirably include first and second
ends 326, 327 disposed at the coupling surface 321 of
the integrated optic chip 320. The first end 326 of the
alignment loopback waveguide 322 may be optically cou-
pled to the first alignment fiber 317, and the second end
327 to the second alignment fiber 319. Thus, the first and
second alignment fibers 317, 319, as well as the signal
fiber 318 and optoelectronic component 312, may be
brought into respective optical communication by placing
the coupling edge 321 of the integrated optic chip 320 in
facing opposition to the coupling edge 311 of the pigtail-
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ing chip 310, so that the waveguide and pigtailing chips
320, 310 are butt-coupled to one another.
[0023] As with the configuration of FIG. 2, the optoe-
lectronic component 312 need not be powered or inter-
rogated during the process of aligning the pigtailing chip
310 and integrated optic chip 320. Instead, proper align-
ment may be verified by monitoring optical communica-
tion between the alignment fibers 317, 319. For instance,
a light source may be coupled to either of the first and
second alignment fibers 317, 319 at an end of the align-
ment fiber 317, 319 distal to the coupling edge 311. In
addition, a detector may be provided at the distal end of
the other alignment fiber 317, 319 to which the light
source was not coupled so that the detector can detect
when the chips 310, 320 are best aligned to maximize
the optical throughput. Once the optimal location of the
chips 310, 320 is determined, the chips 310, 320 can be
bonded together allowing the light to pass with limited
loss between the signal fiber 318 and optoelectronic com-
ponent 312. Thus, by providing an external light source
and an external detector, the optoelectronic component
312 need not be powered or interrogated during the align-
ment process.
[0024] In yet a further exemplary configuration of a pig-
tailing assembly in accordance with the present inven-
tion, generally designated 400, a pigtailing assembly is
illustrated  in Figs. 4A and 4B which is particularly suited
for pigtailing a surface emitting (or receiving) device 450,
such as a vertical cavity surface emitting laser (VCSEL)
or photodetector, for example. The pigtailing assembly
400 includes a pigtailing subassembly, such as pigtailing
chip 410, which includes a substrate 409, an active de-
vice, such as an optoelectronic component 412 and an
optional lens 414, and includes an optical channel, such
as an optical fiber 418. Optionally, the pigtailing chip 410
may include a surface emitting device 450 with or without
the optoelectronic component 412. Either or both of the
active devices 412, 450 together with other optional com-
ponents, such as optical component 414 and other active
devices, may optionally be hermetically enclosed so as
to form part of a hermetically sealed package 413 such
as described above with reference to FIG. 1. The location
of the optical fiber 418 may be determined by providing
a V-groove 416 disposed in the upper surface of the sub-
strate 409. In addition, the pigtailing chip 410 includes a
reflector facet 445, which may desirably be provided in
the pigtailing chip is a {111} crystallographic plane in
(100) silicon.
[0025] The surface emitting device 450 may be desir-
ably disposed over the reflector facet 445 so that the
surface emitting device 450 optically communicates with
the reflector facet 445, as illustrated in FIG. 4B. The re-
flector facet 445 is oriented relative to a coupling edge
411 of the pigtailing chip 410 so that the surface emitting
device 450 optically communicates across the coupling
edge 411 of the pigtailing chip 410. Thus, the optoelec-
tronic component 412, surface emitting device 450, and
optical fiber 418 are desirably oriented on the pigtailing

chip 410 so that the optoelectronic component 412, sur-
face emitting device 450, and optical fiber 418 optically
communicate across a single edge of the substrate 409,
such as coupling edge 411, to permit the optoelectronic
component 412, surface emitting device 450, and optical
fiber 418 to be optically coupled by butt-coupling to an
optical component. The pigtailing chip 410 may be pro-
vided by the manufacturing processes described above
with respect to the pigtailing chip 10 of FIG. 1. For exam-
ple, the reflector facet 445 may be provided as a surface
of a partial V-pit 447. The V-pit 447 with reflector facet
445 may be manufactured by  anisotropic etching of a
(100) silicon wafer during the same step in which the V-
groove 416 is provided. For typical applications, such as
those which include single-mode 1300-1600 nm commu-
nication devices, the precision with which the compo-
nents (e.g., fiber 418, surface emitting device 450, and
optoelectronic device 412) are located relative to one an-
other may be, for example, within several microns or less.
[0026] The integrated optic chip 420 includes a
waveguide 422 configured to permit optical communica-
tion between the optical fiber 418 and each of the opto-
electronic component 412 and the surface emitting de-
vice 450 when the integrated optic chip 420 is butt-cou-
pled to the pigtailing chip 410. In this regard the
waveguide 422 includes a loopback waveguide 433 to
permit optical communication between the optical fiber
418 and the optoelectronic component 412, and a tap
waveguide 434 to permit optical communication between
the optical fiber 418 and the surface emitting device 450.
[0027] For example, the optoelectronic component
412, optical fiber 418, and surface emitting device 450
may be simultaneously butt-coupled to integrated optic
chip 420. The optical waveguide 422 may desirably in-
clude first, second, and third ends 423, 424, 425 disposed
at a coupling surface 421 of the integrated optic chip 420.
The first end 423 of the waveguide 422 may be optically
coupled to the optical fiber 418, the second end 424 to
the optoelectronic component 412, and the third end 425
to the surface emitting device 450 by placing the coupling
edge 421 of the integrated optic chip 420 in facing oppo-
sition to the coupling edge 411 of the pigtailing chip 410,
so that the waveguide and pigtailing chips 420, 410 are
butt-coupled to one another.
[0028] To verify that the waveguide ends 423, 424, 425
are properly aligned with the optical fiber 418, optoelec-
tronic component 412, and surface emitting device 450,
respectively, either the optoelectronic component 412 or
the surface emitting device 450 may be powered or in-
terrogated during the process of aligning the pigtailing
chip 410 and integrated optic chip 420 in a similar manner
as that described above with reference to the configura-
tion of FIG. 1.
[0029] These and other advantages of the present in-
vention will be apparent to those skilled in the art from
the foregoing specification. For example, multiple opto-
electronic components may be provided on a single pig-
tailing chip, along with optional waveguide structures on
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an integrated optic chip for optical communication with
each optoelectronic component.

Claims

1. A micro-optical device (100), comprising:

a first chip (10, 210), comprising:

a substrate;
an optoelectronic component (12, 212) on
the substrate oriented to optically commu-
nicate across a first region of an edge of the
substrate; and
the device further comprises

an optical fiber (18, 218) on the sub-
strate oriented to optically communi-
cate across a second region of the sub-
strate edge; and
an optical component oriented to opti-
cally communicate with the optoelec-
tronic component and the optical fiber
(218, 219) across the first and second
edge regions, respectively, the optical
component disposed proximate to the
first chip in an optical path between the
optoelectronic component and the op-
tical fiber.

2. The micro-optical device of claim 1, comprising a
second chip (220) coupled to the first chip (210),
wherein the second chip comprises the optical com-
ponent.

3. The micro-optical device of claim 2, wherein the sec-
ond chip is an integrated optic chip, and the optical
component comprises a plurality of waveguides.

4. The micro-optical device of claim 3, wherein the in-
tegrated optic chip comprises an active device ther-
eon or formed therein.

5. The micro-optical device of claim 1, wherein the first
chip comprises a second optical fiber on the sub-
strate oriented to optically communicate across a
third region of the substrate edge.

6. The micro-optical device of claim 5, wherein the op-
tical component is disposed in an optical path be-
tween the first optical fiber and the second optical
fiber.

7. The micro-optical device of claim 5, wherein the op-
tical component comprises one or more optical
waveguides in a tap configuration, a loop-back con-
figuration, or a combination thereof.

8. The micro-optical device of claim 5, wherein the first
optical fiber and the second optical fiber are config-
ured such that an external light source and detector,
respectively, may be connected thereto to allow
alignment of the first chip to the optical component
without activating the optoelectronic component.

9. The micro-optical device of claim 1, wherein the sub-
strate comprises a crystalographically-etched reflec-
tor facet in a surface thereof at the edge, and the
optoelectronic component is disposed over the re-
flector facet to permit optical communication be-
tween the reflector facet and the optoelectronic com-
ponent.

10. The micro-optical device of claim 1, wherein the op-
toelectronic component is hermetically enclosed.

11. The micro-optical device of claim 11, wherein the
optical fiber (218, 219) is disposed in a groove (231,
232) formed in the upper surface of the substrate.

Patentansprüche

1. Mikrooptische Vorrichtung (100), die Folgendes um-
fasst:

einen ersten Chip (10, 210), der Folgendes um-
fasst:

ein Substrat;
eine optoelektronische Komponente (12,
212) auf dem Substrat, die orientiert ist, um
über einen ersten Bereich einer Kante des
Substrats optisch zu kommunizieren; und
wobei die Vorrichtung ferner Folgendes um-
fasst:

eine Lichtleitfaser (18, 218) auf dem
Substrat, die orientiert ist, um über ei-
nen zweiten Bereich der Substratkante
optisch zu kommunizieren; und
eine optische Komponente, die orien-
tiert ist, um mit der optoelektronischen
Komponente und der Lichtleitfaser
(218, 219) jeweils über den ersten Kan-
tenbereich und den zweiten Kantenbe-
reich optisch zu kommunizieren, wobei
die optische Komponente in der Nähe
des ersten Chips in einem optischen
Weg zwischen der optoelektronischen
Komponente und der Lichtleitfaser an-
geordnet ist.

2. Mikrooptische Vorrichtung nach Anspruch 1, die ei-
nen zweiten Chip (220) umfasst, der an den ersten
Chip (210) gekoppelt ist, wobei der zweite Chip die
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optische Komponente umfasst.

3. Mikrooptische Vorrichtung nach Anspruch 2, wobei
der zweite Chip ein integrierter optischer Chip ist und
die optische Komponente mehrere Wellenleiter um-
fasst.

4. Mikrooptische Vorrichtung nach Anspruch 3, wobei
der integrierte optische Chip eine aktive Vorrichtung
umfasst, die sich auf ihm befindet oder in ihm gebil-
det ist.

5. Mikrooptische Vorrichtung nach Anspruch 1, wobei
der erste Chip eine zweite Lichtleitfaser auf dem
Substrat umfasst, die orientiert ist, um über einen
dritten Bereich der Substratkante optisch zu kom-
munizieren.

6. Mikrooptische Vorrichtung nach Anspruch 5, wobei
die optische Komponente in einem optischen Weg
zwischen der ersten Lichtleitfaser und der zweiten
Lichtleitfaser angeordnet ist.

7. Mikrooptische Vorrichtung nach Anspruch 5, wobei
die optische Komponente einen oder mehrere opti-
sche Wellenleiter in einer Abgriffkonfiguration, einer
Prüfschleifenkonfiguration oder einer Kombination
davon umfasst.

8. Mikrooptische Vorrichtung nach Anspruch 5, wobei
die erste Lichtleitfaser und die zweite Lichtleitfaser
so konfiguriert sind, dass jeweils eine externe Licht-
quelle und ein Detektor damit verbunden werden
können, um die Ausrichtung des ersten Chips mit
der optischen Komponente ohne Aktivierung der op-
toelektronischen Komponente zu erlauben.

9. Mikrooptische Vorrichtung nach Anspruch 1, wobei
das Substrat eine kristallographisch geätzte Reflek-
torfacette in einer seiner Flächen an der Kante um-
fasst und die optoelektronische Komponente über
der Reflektorfacette angeordnet ist, um eine opti-
sche Kommunikation zwischen der Reflektorfacette
und der  optoelektronischen Komponente zu erlau-
ben.

10. Mikrooptische Vorrichtung nach Anspruch 1, wobei
die optoelektronische Komponente hermetisch um-
schlossen ist.

11. Mikrooptische Vorrichtung nach Anspruch 11, wobei
die Lichtleitfaser (218, 219) in einer Kerbe (231,
232), die in der oberen Fläche des Substrats gebildet
ist, angeordnet ist.

Revendications

1. Dispositif micro-optique (100), comprenant :

une première puce (10, 210), comprenant :

un substrat ;
un composant optoélectronique (12, 212)
sur le substrat orienté pour communiquer
optiquement à travers une première région
d’un bord du substrat ; et
le dispositif comprenant en outre
une fibre optique (18, 218) sur le substrat
orientée pour communiquer optiquement à
travers une deuxième région du bord du
substrat ; et
un composant optique orienté pour commu-
niquer optiquement avec le composant op-
toélectronique et la fibre optique (218, 219)
à travers la première et la deuxième région
de bord, respectivement, le composant op-
tique étant disposé à proximité de la pre-
mière puce sur un chemin optique entre le
composant optoélectronique et la fibre op-
tique.

2. Dispositif micro-optique selon la revendication 1,
comprenant une deuxième puce (220) couplée à la
première puce (210), la deuxième puce comprenant
le composant optique.

3. Dispositif micro-optique selon la revendication 2,
dans lequel la deuxième puce est une puce optique
intégrée, et le composant optique comprend une plu-
ralité de guides d’ondes.

4. Dispositif micro-optique selon la revendication 3,
dans lequel la puce optique intégrée comprend un
dispositif actif sur celle-ci ou formé à l’intérieur de
celle-ci.

5. Dispositif micro-optique selon la revendication 1,
dans lequel la première puce comprend une deuxiè-
me fibre optique sur le substrat orientée pour com-
muniquer optiquement à travers une troisième ré-
gion du bord du substrat.

6. Dispositif micro-optique selon la revendication 5,
dans lequel le composant optique est disposé sur
un chemin optique entre la première fibre optique et
la deuxième fibre optique.

7. Dispositif micro-optique selon la revendication 5,
dans lequel le composant optique comprend un ou
plusieurs guides d’ondes optiques dans une confi-
guration de dérivation, une configuration de boucla-
ge, ou une combinaison de celles-ci.
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8. Dispositif micro-optique selon la revendication 5,
dans lequel la première fibre optique et la deuxième
fibre optique sont configurées de telle sorte qu’une
source de lumière externe et un détecteur peuvent
y être respectivement reliés pour permettre un ali-
gnement de la première puce sur le composant op-
tique sans activer le composant optoélectronique.

9. Dispositif micro-optique selon la revendication 1,
dans lequel le substrat comprend une facette miroir
gravée selon un plan cristallographique dans une
surface de celui-ci au niveau du bord, et le compo-
sant optoélectronique est disposé par-dessus la fa-
cette miroir pour permettre une communication op-
tique entre la facette miroir et le composant optoé-
lectronique.

10. Dispositif micro-optique selon la revendication 1,
dans lequel le composant optoélectronique est en-
capsulé hermétiquement.

11. Dispositif micro-optique selon la revendication 11,
dans lequel la fibre optique (218, 219) est disposée
dans une rainure (231, 232) formée dans la surface
supérieure du substrat.
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