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INTEGRATION OF AN UNPROCESSED, HIRECT-BANDGAP CHIP
INTO A SILICON PHOTONIC BEVICE
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PUrposcs.

BACKGROUND OF THE INVENTION
[0062] Silicon integrated civenits ("ICs”) have dominated the development of electronics and
many techoologies based upon silicon processing have been developed over the years. Their
continued refinement led to nano-scale feature sizes that can be important for making metal
oxide seniconductor CMOS circuits, On the other hand, silicon is not a divect-bandgap material.
Although direct-bandgap materials, inchuding -V semiconductor materials, have been
developed, there 1s a need 1o the art for improved methods and systeros related to photonic ICs

utilizing silicon substrates.
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BRIEF SUMMARY OF THE INVENTION
{8863] Embodiments of the present invention provide devices, systems, and methods of a
composite device, such combining functionality of two different semiconductor materials to

create an optical device.

{6084] Insomc cmbodiments, a composite device for splitting photonic functions across two
or more materials comprising a platform, a chip, a bond, and a coating is disclosed. The platform
comprises a base layer and a device layer, the device laver comprising a first material and a
plurality of walls forming an opening in the device layer such that a portion of the base layer of
the platform is exposed through the device layer. In some embodiments, the first material is
silicon. The chip comprises a second material and an active region in the second material. In
some embodiments, the second material is a HI-V material. The bond secures the chip to the
platform such that the active region of the chip s aligned with the device layer, A coating

hermitically scals the chip in the platform.

{0085} In some cmbodiments, a method of fabricating a composite device for splitting photonic
functions between two or more materials is disclosed. A first mask is aligned with a target. A
recess is eiched in a platform based on the first mask aligned with the target. A chip is bonded in
the recess of the platform, wherein a gap separates a side of the chip and a wall of the recess. A
contact metal s applied to the top of the chip. The gap 1s filled with a first material. Jn some
embodiments, the first material is sihicon dioxide. A second mask s applied to define an area to
etch over the gap, The first material 1s partially removed from the gap. The gap is at least
partially filled with a second material. In some cmbodiments, the second material 18 poly-silicon,
The second material is partially removed from the gap. In some embodiments, partially removing
the second material from the gap forms part of a nidge waveguide in the second material. A third
mask s applied to define an area to remove from the chip to form a feature on the chip. Material
from the chip is removed to form the feature on the chip. In some embodiments, the third mask is
a photo mask and the third material is used to create an eich mask based on the photo mask.
Material from the chip is removed to form a feature on the chip. A fourth material is used to
cover the chip. In some embodiments, the chip comprises an active region (e.g., for a laserora
modulator) and the platform is made of silicon. In some embodiments, pedestals are used for

aligning the chip with the platform. In some embodiments, the pedestals used for aligning the
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chip arc ctched in the platform. In some embodiments, the fourth material hermitically seals the
chip in the recess of the platform. In some embodiments, the fourth material is Si02. In some
cmbodiments, under-bump metallization with indium is used in bonding the chip to the platform.
In some embodiments, a contact metal is added on the chip on a surface exposed by removing a
portion of the chip. In some embodiments, two or more ohmic contacts arc added to the chip
after the fourth material is applied. In some embodiments, the third material is the same as the
fourth material. In some embodiments, masks used before etching the second material in the gap

and/or the chip arc aligned using the target.

{6086] In somc cmbodiments, a method for coplanar integration of a direct-bandgap chip into a
silicon device is disclosed. A platform is provided, the platform having a hase layer, a device
layer above the basc laver, where in the device layer comprises a plurality of walls forming an
opening in the device layer such that a portion of the base laver of the platform s exposed
through the device layer. The chip is provided, the chip having a substrate and an active region.
The chip is bonded to the portion of the base layer of the platform. In some embodiments, the
substrate of the chip exiends above the platform out of the recess and at least a portion of the

substrate of the chip is removed so that the chip does not extend above the platform.

[0067] Insome embodiments, another method for coplanar integration of a direct-bandgap
chip into a silicon device 1s disclosed. A platform is provided, wherein the platform has a recess
and the platform comprises a first material. A chip is provided, wherein the chip comprises a
second material and a portion of a substrate. The chip is bonded in the recess of the platform to
the platform. And the portion of the substrate is removed from the chip after the chip is bonded

to the platform.

[0068] Insome embodiments, a method for processing of a direct~-bandgap chip afier bonding
to a silicon photonic device 1s diselosed. A composite device having a platform and a chip is
provided. The platform has a recess and the chip is bonded in the recess. The composite device is
masked to define an area of the chip to etch. The area of the chip to eich is etched after the chip
has been bonded to the platform (thus ctehing the chip while the chip is bonded in the recess of
the platform). In some embodiments, a waveguide is eiched on the chip while the chip is bonded

to the platform.

(V8]
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{0609 In some embodiments, another method for processing of a direct-bandgap chip after
bonding to a silicon photonic device is disclosed. A first mask is aligned with a target to define
an etch arca on a platform. A recess is etched in the platform defined by the ctch arca. A chip is
bonded in the recess of the platform. A second mask 15 aligned with the target to defince a feature

arca on the chip. The chip is processed {(c.g., etched) to form the feature on the chip.

{0010} Insome cmbodiments, a device having a contact layer dam is disclosed. The contact
layer dam is used in creating a composite device. The device having a contact layer compriscs a
platform, a chip, and the contact layer, wherein the chip is bonded in a recess of the platform.
The contact layer comprises a first indentation on a first side of the contact layer; the first
indentation comprises a first portion and a sccond portion; the first portion of the first indentation
is wider than the second portion of the first indentation; the first portion of the first indentation is
closer to a center of the contact laver than the second portion of the first indentation; the contact
layer comprises a second indentation on a second side of the contact layer; the second
indentation comprises a first portion and a second portion; the first portion of the second
indentation is wider than the second portion of the second indentation; and the first portion of the
second indentation 1s closer to the center of the contact layer than the second portion of the

second indentation.

{0011} Insome embodiments, a photonic device having pedestals 1s disclosed. The photonic
device comprises a base layer, a device layer, a first pedestal, and a second pedestal. A contact
layer dam 1s disclosed. The contact layer dam is used in creating a composite device. The device
layer is above the base layer; the device layer comprises a phurality of walls forming an opening
in the device layer such that a portion of the base layer is exposed through device layer and
forms a recess in the photonic device. The device layer comprises a waveguide extending along
portions of an optical path; the waveguide has a first termination at a first wall of the plurality of
walls at one side of the recess; the waveguide has a second termination at a second wall of the
plurality of walls at another side of the recess. The first pedestal extends from a floor of the base
layer in a direction normal fo the floor toward the device laver; and the first pedestal is under the
optical path and closer to the first wall than the second wall. The second pedestal extends from
the floor of the base layer in the direction normal to the floor toward the device layer; and the

second pedestal is under the optical path and closer to the sccond wall than the first wall.
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{0012} Further areas of applicability of the present disclosure will become apparent from the
detailed description provided hereinafter. It should be understood that the detailed description
and specific cxamples, while indicating various ecmbodiments, are intended for purposes of

ithustration only and are not intended to necessarily Hmit the scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

{0G13] FIGs. 1A and 1B arc simplified cross-sectional, side views of an embodiment of a

platform.

{0014] FIGs. 2A and 2B are simplified views of an embodiment of an opening formed in the

platform.

{B015] FIGs. 34, 3B, and 3C are simplified views of an embodiment of pedestals formed in

the opening of the platform.

{0G16] FIGs. 4 and 5 are simplificd views of an embodiment of a contact layer positioned on a

floor of a recess formed in the platform.

{0G17]  FIGs. 6A and 68 arc simplified cross-sectional, side views of embodiments of a chip
bonded in the recess of the platform to form a composite device.

{BG18] FIG. 7 1s a simplified cross-sectional, side view of an embodiment of the composite
device after a substrate of the ¢hip is removed.

[B819] FIG. 815 a simplified cross-sectional, side view of an embodiment of the composiie
device after a contact metal is placed on the chip.

{8028] FIG. 9 1s a simplified cross-sectional, side view of an embodiment of the composite
device having a first material deposited on the composite device.

{8621] FIG. 1015 a simplified cross-sectional, side view of an embodiment of the composite
device with photoresist in trenches formed in the first material,

{8622] FIG. 11 1s a simplified cross-sectional, side view of an embodiment of the composite

device with excess first material removed.

(92
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{06231  FIG. 12A is a simplified side view of an embodiment of a photoresist applied to the

composite device before etching the first material in gaps between the platform and the chip.

{0624] FI1G. 12B is a simplified top view of an embodiment of a mask location before etching

the first material in the gaps between the platform and the chip.

{0625]  FIG. 13 is a simplified side view of an embodiment of the composite device after the

first material is partially removed from the gaps between the platform and the chip.

{0626] FIG. 14A is a simplified cross-sectional, side view of an embodiment of the compuosite

device having a sccond material deposited on the composite device,

{06271  FIG. 148 is a simplified cross-sectional, side view of an embodiment of the composite

device with excess second material removed.

{0G28] FIG. 15 is a simplified cross-sectional, side view of an embodiment of the composite
device after the sccond material is partially removed from the gaps between the platform and the
chip.

{B029] FIG. 16 is a simplified cross-sectional, side view of an embodiment of the composite
device having a third material deposited on the compostic device.

{8030} FiGs. 17A-17C are simplified top views of layers of an embodiment for forming a
waveguide on the chip.

{0031} FIG. 18 is a simplified cross-sectional, direction-of-light-propagation view of an
embodiment of a waveguide formed in the chip.

{8032} FIG. 19 is a simplified cross-sectional, side view of an embodiment of the composite
device covered with a fourth material.

{8033} FiGs. 20 and 21 are simplified views of an embodiment for connecting electrical
contacts to the chip.

{8034] FIG. 22 is a flowchart of an embodiment of a process for creating a composite device.

{B635]  FIG. 23 1s another flowchart of an embodiment of a process for ¢reating a composite

device.
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{0636] FIG. 24A is a flowchart of an embodiment of a process for processing a chip after

bonding to a platform.

{6037 FIG. 24B is another flowchart of an embodiment of a process for processing a chip

after bonding to a platform.

{0G38]  Inthe appended figures, similar components and/or features may have the same
reference label. Further, various components of the same type may be distinguished by following
the reference label by a dash and a second label that distingunishes among the similar
components. If only the first reference label s used in the specification, the description is
applicable to any one of the similar componcents having the same first reference label irrespective

of the second reference label.

DETAILED DESCRIPTION OF THE INVENTION

{6039] The ensuing description provides preferred exemplary embodiment(s) only, and is not
intended to limit the scope, applicability, or configuration of the disclosure. Rather, the ensuing
description of the preforred exemplary embodiment(s} will provide those skilied in the art with
an cnabling description for implementing a preferred exemplary embodiment. It is understood
that various changes may be made in the function and arrangement of clements without departing

from the spirit and scope as set forth in the appended claims.

{0046] Embodiments relate generally to a platform bonded to a chip to form a composite
device. For example, a platform {(c.g., a silicon platform) can be bonded to a semiconductor of
different material {c.g., {I-V). Though making devices with silicon has some advantages (e.g.,
cost and developed fabrication methods), silicon is not a direct-bandgap material. In certain
applications, it is desirable to have a dircct-bandgap material (e.g., for a laser gain medium),
Thus, a chip made of a semiconductor material having a dircct bandgap is integrated with a

silicon platform.

{0041} In FIGs. 1A and 1B simplified cross-sectional, side views of an embodiment of a
platform are shown. In FIG, 1A, a platform 100 1s shown. The platform 100 comprises a base
layer 104, a lower laver 108 on top of the base laver 104, a device layer 112 on top of the lower

laver 108, and an upper layer 116 on top of the device tayer 112, The device laver 112 is made of
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a first semiconductor material. For cxample, in some embodiments, the base layer 104 is a
crystalline silicon substrate; the lower layer 10¥ is an oxide layer {e.g., S102); the deviee layer
112 1s made of crystalline silicon; and the upper layer 116 s an oxide layer {c.g., 5102}, In some
cmbodiments, the basc layer 104, the lower layer 108, and the deviee layer 112 started as a
silicon on insulator (SOI) wafer {c.g., the base layer 104 is a handle and the lower layer 108 is a
BOX {Buried Oxide) layer). In this embodiment, the device layer 112 has been processed (e.g.,
waveguides, mirror, gratings have been formed in the device layver 112) and the upper layer 116
is placed on top of the device layer 112 to create the platform 100, In some cmbodiments the
device layer 112 comprises a core of a waveguide, and the lower layer 108 and the upper layer
116 act as cladding material for the waveguide (the device layer 12 having a higher index of

refraction than the lower layer 108 and the upper layer 116).

[0042] In FIG. 1B, a photoresist layer 120 15 added on top of the upper layer 116 of the
platform 100, The photoresist layer 120 partially covers the upper layer 116, leaving an area of
the upper layer 116 exposed. In sore embodiments, the arca of the upper layer 116 exposed by

the photoresist layer 120 is rectangular, but other shapes can be used.

{00437 Referring next to FIGs, 24 and 2B, simplified views of an embodiment of an opening
formed in the platform 100 are shown. In FIG, 24, a simplified side view of the platform 100 18
shown. The platform 100 has been ctched to form an opening. The opening forms a first wall
204-1, where the first wall 204-1 exiends vertically from the base layer 108 to the upper layer
116, The opening forms a second wall 204-2, where the second wall 204-2 extends vertically
from the base layer 108 to the upper layer 116, In some embodiments, the base laver 104 15 also
etched to a depth 4. In some erbodiments,  ranges from 10-150 nm {e.g., 70, &8, 9G, or 100
nm). In some embodiments, the depth 4 s an over-eich used to ensure etching through the lower

fayer 108, In some embodiments, the opening was formed by a dry etch.

[0044] In FIG. 2B, a simplified top view of an embodiment of the first substrate is shown.
FIG. 2B s not a true top view of what would be seen, but instead shows layers that might
otherwise be hidden to better show this embodiment. The top view in FIG. 2B shows a device
fayer 112 and a waveguide 208 in the device layer 112, In some embodiments, before the
platform 100 is etched, the waveguide 208 is continuous (1.¢., extending from left to right in

FIG. 3B). But etching the platform 100 to form the opening removes a segment of the waveguide

[#a)
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{i.c., because a portion of the device layer 112 is etched). An optical path 210 of the waveguide
208 is shown traversing the platform 100 from left to right, including traversing the opening
where the segment of the waveguaide has been removed. In some emmbodiments, the waveguide
208 was not continuous before ctching the opening. The opening cxposcs a rectangular portion
of the base layer 104, The waveguide 208 terminates along the optical path 210 at the first wall
204-1. The waveguide terminates along the optical path 210 at the second wall 204-2. The first
wall 204-1 is at an angle with respect to the waveguide 208 (an angle between the optical path
210 and a vector normal to the first wall 204-1) to reduce reflections along the optical path 210,
A target 212 i3 used in aligning one or more masks for processing the platform 100, The target

212 is a symbol or identifiable feature.

{6045] In FiGs. 34, 3B and 3C simplified views of an embodiment of pedestals formed in the
opening of the platform 100 are shown. In FEG. 3A, a simplified side view of the platform 100
depicts the platform 100 after the platform 100 is further ctched to form pedestals 304 that have a
height /1 in the base layer 104 with respect to a floor in the base laver 104, wherein the flooris a
lowest etched portion of the opening. In some embodiments, /4 1s between 200 and 800 nm {e.g.,
400, 420, 430, 450, 500, or 520 nm). Thus pedestals 304 extend from the base layer 104 in a
direction normal to the base layer 104 and towards the device laver 2. A first pedestal 304-1 i3
located next to the first wall 204-1. A second pedestal 304-2 s located next to the second wall

204-2.

[B046] In FIG. 3B, a simphified top view of an embodiment of the platform from the device
layer 112 is shown. FIG. 3B is not a true top view of what would be seen, but instead shows
layers that might otherwise be hidden to better show this embodiment. In the device faver 112 is
a wavegnide 208, Pedestals 304 are shown in the opening. In this disclosure, empty volume
created by the opening and/or formation of pedestals in the platform 100 is referred to as a
recess. The first wall 204-1 and the second wall 204-2 form two sides of the recess. A third wall
204-3 and a fourth wall 204-4 form two other sides of the recess. In this embodiment, there are
s8ix pedestals 304; the first pedestal 304-1, the second pedestal 304-2, a third pedestal 304-3, a
fourth pedestal 304-4, a fifth pedestal 304-5, and a sixth pedestal 304-6.

{0047} Insome embodiments, the first pedestal 304-1 is placed next to the first wall 2041, in

fing with the waveguide 208 to prevent bonding material from interfering with the waveguide
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208, Similarly, in some embodiments, the second pedestal 304-2 is placed near the sccond wall
204-2 to prevent bonding material from interfering with the waveguide 208, In some
cmbodiments, there is no space in the base layer 104 between the first pedestal 304-1 and the
first wall 204-1. Similarly, in some embodiments, there 18 not space in the base layer 104

between the second pedestal 304-2 and the second wall 204-2.

{0048} The third pedestal 304-3 and the fourth pedestal 304-4 arc placed near the third wall
204-3. The fifth poedestal 304-3 in the sixth pedestal 304-6 are placed near the fourth wall 204-4,
In some embodiments, there 18 a space in the base layer 104 between the third pedestal 304-3 and
the third wall 204-3. Similarly, other pedestals 304, which arc not near the waveguide 208, arc
spaced a distance from the walls 304, In some cmbodiments, pedestals 304 arc not placed unde
the optical path 210, besides the first pedestal 304-1 and the sccond pedestal 304-2. A chip with
a gain medium is to be placed in the recess. It a pedestal 304 15 placed ander the optical path 214,
then clectrical contact with the chip under the optical path can be reduoced, thus changing how
current flows through the chip 207 and degrading how the gain medium performs. Though the
optical path 210 in the embodiment in FIG. 3B s a straight line, other path geometries {e.g.,

involving bends) can be used (c.g., to increase a path length over the gain medium).

[0049] InFIG. 3C, a plurality of walls 320 of the device layer 112 and a plurality of walls 324
of the base layer 104 are shown. A first wall 320-1 of the plurality of walls 320 of the device
layer 112 and a second wall 320-2 of the plurality of walls 320 of the device layer 112 are
shown. A first wall 324-1 of the plurality of walls 324 of the base layer 104 and a second wall
324-2 of the phurality of walls 324 of the base layer 104 are shown. The first wall 324-1 of the
base layer 104 is coplanar with the first wall 320-1 of the device layer 112 because both the first
wall 324-1 of the base layer 104 and the first wall 320-1 of the device layer 112 ave part of the
first wall 204-1 of the opening. Likewise, the second wall 324-2 of the base layer 104 is coplanar
with the second wal 320-2 of the device laver 112 because both the second wall 324-2 of the
base layer 104 and the second wall 320-2 of the device layer 112 are part of the second wall

204-2 of the opening.

{BG38] The first pedestal 304-1 1s contiguous {i.¢., not free standing) with the first wall 324-1
of the base layer 104, And the second the second pedestal 304-2 is contiguous with the second

wall 324-2 of the base layer 104, In some embodiments, the first pedestal 304-1 is contiguous

1¢
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with the first wall 324-1 of the base layer 104 to help prevent bonding material from intruding
into an optical path between an active region of a chip and the device layer 112. Likewise, in

some emabodiments, the second pedestal 304-2 is contiguous with the sccond wall 324-2 of the
basc layer 104 to help prevent bonding material from intruding into an optical path between an

active region of the chip and the device layer 112,

{0051} In FIGs. 4 and 5, simplified views of an cmbodiment of a contact layer 404 positioned
on the floor of the recess formed in the platform 100 arc shown. In some embodiments, the
contact layer 404 i3 a metal used in under-bump metallization (UBM). In some cmbodiments, the
contact layer 404 includes an adhesion metal such as titanium and/or chromium and a barrier
metal such as platinum and/or nickel. In some embodiments, contact layer 404 comprises
tungsten and/or other refractory metals used as barrier layers in silicon-based devices. FEG. 4 s a
simplified side view of a cross section of the platform 100, FIG. 4 shows the contact layer 404
located on the floor of the recess 408 between the first pedestal 304-1 and the second pedestal

304-2.

[8052] FIG. 5 shows a simphified top view of the platform 100 from the device layer 112, The
contact layer 404 1s placed on top of the floor of the recess 408 (covering portions of the base
layer 104). The contact layer 404 comprises a first indentation 504-1 and a second indentation
504-2. The first indention 18 on one side of the recess 408 (closest to the third wall 204-3). The
second indentation 1s on another side of the recess 408 (closest to the fourth wall 204-4). The
first indention 504-1 comprises a first portion 508 and a second portion 512, The first portion
508 1s rectangular in shape and contiguous with the second portion 512, The second portion 512
is rectangular in shape. But in other embodiments, other shapes are used. For example, the first
portion SOK could be a triangle with an edge to a center of the contact layer 404 and a point

toward a wall 204 of the recess 408.

[B083] The first portion 50K is closer to the center of the contact layer 404 than the second
portion 312, The first portion SOK is wider than the second portion S12. In some embodiments,
an indentation 504 is used to help control solder fow during UBM bonding. Solder flows more
freely over the contact layer 404 than the base layer 104 when the solder is heated. Thus the
indentations 504 act as dams to hold the solder back during bonding, allowing a more even

distribution of the solder on the contact layer 404 and under the optical path 210,

i1
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{0G54]  Similar to the first indentation 504-1, the second indentation 504-2 also has a first
portion and a second portion. The first portion of the second indentation 504-2 is wider and
closer to the conter of the contact layer 404 than the sccond portion of the sccond indentation
504-2. In some cmbodiments, the indentations 504 arc wider near the center of the contact layer
404 to allow a greater surface arca of the contact laver 404 near walls 204 of the recess 408, In
some embodiments, electrical contacts are made to the contact layer 404 by ohmic contacts
placed along the third wall 204-3 and the fourth wall 204-4. Having an increased surface area of
the contact layer 404 near the third wall 204-3 and the fourth wall 204-4 can help increase

current flow through the clectrical contacts.

{0055} In some cmbodiments, indentations 504 are placed between pedestals. Indentations can
also be used around pedestals {¢.g., a pedestal being within a first portion of an indentation). The
contact layer 404 can also have reentrants 516 formed around two or three sides of a pedestal.

For example, reentrant 516 is shown going around three sides of the second pedestal 304-2.

{00586} FIG. 5 further shows the contact layer 404 around three sides, and partially a fourth
side, of the third pedestal 304-3. Thus, in some embodiments, bonding material Hows around
three sides, a partially a fourth side, of the third pedestal 304-3. In some embodimoents, flowing
bonding material at least partially around the fourth side of the third pedestal 304-3 can help
strengthen bonding between the platform 100 and a chip and/or provide more surface arca for
bonding material to flow to help reduce a vertical flow (i.c., out of the recess) of the bonding
material, In some ermbodiments, the contact layer 404 surrounds four sides of a pedestal 304, For

example, FIG. 5 shows the contact layer 404 around four sides of the fourth pedestal 304-4.

[B057] Referring next to FIGs, 6A and 6B, simplified cross-sectional, side views of
embodiments of a chip bonded in the recess 408 of the platform 100 to form a composite device
are shown. FIGs. 6A and 6B are similar to FIG. 4 with the addition of a chip 604 and bounding
material. The chip 604 comprises a second material (¢.g., metal and/or semiconductor material).
In some embodiments, the chip 604 1s made of HI-V material {¢.g., InP, GaN, GaPF, GaAsP,
AlGaP, or AlGalnP), and/or other direct-bandgap material. In some embodiments, the HI-V
material comprises a compound or an alloy. Examples of a compound include GaAs and InP. An
example of an alloy 18 In.GarAs Py, wherein there is a stoichiometric relationship between

group I materials and group V materials, but not necessarily a fixed relationship between
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species within a group {e.g., bandgap and lattice constants can be varied to form desired multiple
quantum wells). FIG. 6A shows the chip 604 having an active region 608, an etch stop 612, and
a portion of a substrate 614, In some embodiments, the active region 608 is a series of guantum
wells used as a gain medium for a laser. In some cmbodiments, the chip 604 is made of InP and
the ctch stop is made of some other material, such as a HI-V binary, ternary, or quatcrnary
composition other than InP {c.g., AlGaP, GaN). In some cmbodiments, the etch stop is less than

2000, 1000, 500, or 200 A in thickness.

{0088} A vertical position of the chip 604 is aligned to the platform 100 using the pedestals
304 In Fig. 6A, the chip 604 rests on the first pedestal 304-1 and the second pedestal 304-2 (as
well as the third pedestal 304-3, the fourth pedestal 304-4, the fifth pedestal 304-5, and the sixth
pedestal 304-6 as shown in FIG. 5). The chip 604 has a bottom surface 616 and a top surface
620, The active region 608 was grown on at least a portion of the substrate 614 of the chip 604,
On the top surface 620 is a chip contact 624. The chip contact 624 is a metal laver. In some
embodiments, the chip contact 624 1s made of similar material as the contact layer 404 on the
platform 100, For exarple, in some embodiments, the chip contact 624 is a metal used in under-
bump metallization (UBM). In sorne embodiments, the chip contact 624 includes an adhesion
roetal such at titanium and/or chromium and a barrier metal such as platinum and/or nickel, The
chip 604 is turned “upside down™ and placed i the recess 408 of the platform 100 such that the
chip contact 624 on the top surface 620 of the chip 604 is bonded to the contact layer 404 at the
floor of the recess 408, Thus the chip 604 is bouded to the base layer 104 (¢.g., the handic of an
SO wafer) of the platform 100, In FIG. 6A, the chip contact 624 is positioned on the top surface
620 of the chip 604 so that the chip contact 624 does not contact top surfaces of pedestals 304;

thus the top surface 620 of the chip 604 rests directly on the pedestals 304.

{86539%] The bottom surface 616 of the chip 604 extends out of the recess 40K above the

platform 100. The etch stop 612 is positioned to be within the recess 408 of the platform 100,

{8868] The chip 604 is bonded to the platform 100 using bonding material 628, In some
embodiments, the bonding material 628 is a metal, In some embodiments, the bonding material
628 1s InPd,, for example, Ing7Pds 3, which is an alloy that is stable up to very high
temperatures. Ing 7Pdy; forms an ohmic contact with both silicon and/or HI-V materials, for

which doping types at either side can be either p-type or n-type. Thus, in some embodiments of
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the present invention, the bonding material 62€ provides ohmic contact between materials on
both sides of the intermediate layer, adhesion, optical quality including transparency (i.c., low
optical loss}, stress accommuadation, and other benefits. Gther suitable alloys include germanium
palladium, gold/germanium, Au/Sn, AVMg, Aw/S1, palladium, indivrn/tin/stlver alloys, metal
alloys containing Bi, Sn, Zn, Pb, or In, combinations thereof, or the like. In some embodiments,
the bonding material 628 has cutectic or peritectic points, and allows g bonding process

temperature less than 540 °C (e.g., in the 350 °C 1o 500 °C range).

{0061} FIG. 6B shows another embodiment of bonding the chip 604 to the platform 100,

FI1G. 6B 1s sumilar to FIG. 6A, cxcept the chip contact 624 is placed on the chip 604 such that the
chip contact 624 rests on the pedestals 304, In both FIG. 3A and FIG. 3B, the pedestals 304 are
used to align the active region 608 of the chip 604 with the device layer 112 becausce a height
difference between the pedestals 304 and the device layer 112 1s known; a height difference
between the top surface 620 of the chip 604 and the active region 608 is known; and, 1o the

embodiment in FIG. 6B, a thickness of the chip contact 624 is known,

[0062] FIG. 7 is a simplified cross-sectional, side view of an embodiment of the composite
device after a substrate 614 of the chip is removed. In some embodiments, the composite device
is masked and ctched. In some embodiments, the target 212 that 1s used to align a mask for
ctching the platform 100 to form the recess 408 and/or pedestals 304 1s also used to align a mask
for etching the chip to remove the sobstrate 614 of the chip. Tn some embodiments, the chip 604
does not extend out of the recess 408 above the platform 100 after the substrate 614 of the chip
604 1s removed. A first gap 708-1 is formed between a side of the chip 604 and the firgt wall
204-1. A second gap 708-2 is formed between another side of the chip 604 and the second wall

204-2.

{8063] FIG. 8 is a simplified cross-sectional, side view of an embodiment of the composite
device after a contact metal 804 1s placed on the chip 604, The contact metal 804 is placed on a
chip surface 808 in a strip above and parallel to the optical path 210. The contact metal 804 is for
applying a current and/or a voltage to the active region 608 of the chip 604. For example, in
some embodiments, if the active region 608 of the chip 604 15 used for a modulator, then a
reverse bias is applied and, ideally, no current flows; but if the active region 608 of the chip 604

is used for a gain medium, then current is applicd. In some embodiments, a mask is used for
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placing the contact metal 804 on the chip surface 80K, In some embodiments, the target 212 4

used to align the mask used for placing the contact metal 834 on the chip surface 808,

{0Gad]  FIG. 9 is a simplified cross-sectional, side view of an embodiment of the composite
device having a first material 904 placed on the composite device. In some embodiments, the
first material 904 1s 5102, The first material 904 fills in the gaps 708. Because the first material

904 fills in the gaps 708, trenches 908 are formed in the first material 904,

{0G658]  FIG, 18 is a simplified cross-sectional, side view of an embodiment of the composite
device with photoresist 1004 in trenches formed in the first material. The photoresist 1004 covers
the gaps 708. In some embodiments, a mask for determining placement of the photoresist 1004 is

aligned using the target 212,

{0Ga6]  FIG, 11 is a simplified cross-sectional, side view of an embodiment of the composite
device with excess first material removed. In some embodiments, the first material 904 18 etched
and/or polished to not extend higher than the platform 100, In some cmbodiments, an ctch stop in
or on the upper laver 116 is used to stop ctching at the upper layer |16, In some embodiments, a
dry ctch is used to remove excess of the first material 904, and the composite device is polished
using a chemical-mechanical planarization (CMP) polish. In some embodiments, a top surface of
the composite device is substantially planar after the excess of the first material has been

removed.

{0067] FIG, 12A 15 a simplified side view of an embodiment of a photoresist 1204 applied to
the composite device before etching the first material in gaps 708 betwoeen the platform 100 and

the chip 604. Photoresist 1204 is applicd on top of the upper layer 116 and over the chip 604,

{0068] FIG. 12B is a simplified, top view of an embodiment of a mask location before etching
the first material in the gaps between the platform 100 and the chip. FIG. 12B 18 not a true top
view of what would be seen, but instead shows layers of the composite device to betier show this
embodiment. FIG. 12B shows a top surface of the upper layer 116 and the chip 604 in the recess
408, The contact metal 804 is on the chip surface 808 in a strip above and paraliel to the optical
path 210, A first window 1250 1s also shown. The first window 1250 shows a siroplified arca of
what is to be ctehed. Tn this embodiment, the first window 1250 is not open to the contact metal

804, but does open on both sides of the contact metal 804 as well as over the first gap 708-1 and
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the second gap 708-2. In this embodiment, the first window 1250 opens on both sides of the

contact metal 804 as wide as the waveguide 208,

{0069]  FIG, 13 is a simplified, side view of an embodiment of the compasite device after the
first material 904 13 partially removed from the gaps 708 between the platform 100 and the chip.
The first material 904 in the first gap 708-1 1s left to a height of the lower layer 108, and is
removed from next to the device layer 112 and the upper layer 116, In some embodiments, the
platform 100 is also partially ctched though the upper laver 116 and a portion of the device layer
112; for example, etched portion 1304, In some embaodiments, the device laver 112 is partially
ctched to ensure removal of 8102 between the device layer 112 and the chip 604 and/or to ensure
removal of Si02 where optical bridges 1504 {in FIG. 15) arc to be built. In some cmbodiments,

this aids in building the optical bridges 1504,

{B076] FIG. 14A is a simplificd cross-sectional, side view of an embodiment of the composite
device having a sccond material 1404 deposited on the composite device. In some embaodiments,
the sccond material 1404 is amorphous silicon {a-Si}. In some embodiments, the sccond material
1404 has a higher index of refraction than the first material 904, In some embodiments, other
high index materials such as silicon nitride, germaniom, silicon-germanium, HI-V materials, or
the like are used. In some embodiments, the second material 1404 1s deposited via one or more
methods including PECVD, CVD, sputtering, SACVD, combinations thereof, or the Tike. The

second material fills in the gaps 708 where the first material 904 is not present,

[B071] FIG. 14B is a simplified cross-sectional, side view of an embodiment of the composite
device with excess second material 1404 removed. In some embodirments, the excess second

material is removed by a CMP polish. In some embodiments, the a-51 1s heated to create poly-
silicon. In some embodiments, second material 1404 that is excess is material above the platform

100 {e.g., above the upper layer 116},

{86721 FIG. 18 is a simplified cross-sectional, side view of an embodiment of the composite
device after the second material 1404 s partially removed from the gaps 708 between the
platform 100 and the chip 604, The second material 1404 1s removed from a space between the
upper layer 116 and the chip 604, but not in the gap 708 between the device layer 112 and the
chip 604. The second material forms an optical bridge 1504 between the device layer 112 and the

chip 604; the optical bridge having an index of refraction matched to an index of refraction of the
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device layer 112 and/or the chip 604, In some embodiments, the optical bridge 1504 comprises a

ridge waveguide. In some embodiments, the gap 708 is less than 5, 10, 15, and/or 20 microns.

{06731 FIG. 16 s a simplified cross-sectional, side view of an embodiment of the composite
device having a third material 1604 deposited on the composite device. In some embodiments,
the third material 1604 is Si02. The third material 1604 covers the optical bridges 1504 and the
chip 604,

{0074] FIGs. 17A-17C are simplified top views of layers of an embodiment for forming a
waveguide on the chip 604 and optical bridges 1504, FiGs. 17A-17C arc not truc top views of
what would be scen, but instead shows layers of the composite device to more clearly show this
cmbodiment. FIG, 17A shows the waveguide 208 in the device layer 112, The chip 604 is in the
recess 408, FIG, 178 is a close up view of FIG. 17A. The contact metal 804 is on top of the chip
surface 808. A second window has two channels, a first channel 1704-1 and a second channcl
1704-2 on cither side of the contact metal 804, The first channel 1704-1 and the sccond channel
1704-2, cach have a first width W, and arc scparated from the contact metal 804 by g first
separation 5;. The first channel 1704~1 and the second channel 1704-2 extend longitudinally
across the chip 604 and over the first gap 708-1 and the second gap 708-2. Surfaces under the

first channel 1704-1 and the second channel 1704-2 are etched to a first depth D).

{8078] In FEIG. 17C, g third window has two channels, g third channel 1708-1 and a fourth
channel 1708-2, on either side of the contact metal 804, The third channel 1708-1 and the fourth
channel 1708-2 each have a second width W and are separated from the contact mctal 804 by a
second separation S,. The third channel 1708~ and the fourth channel 1708-2 extend
longitudinally across the chip 604 and over the first gap 708-1 and the second gap 708-2.
Surfaces under the third channel 1708-1 and the fourth channel 1708-2 are eiched to a second

depth [3,.

[0076] FIG. 18 15 a simplified cross-sectional, direction-of-light-propagation view of an
embodiment of a waveguide 1800 formed mn the chip 604 afier etching under the second window
and the third window is performed. The waveguide 1800 comprises a first layer 1804, a second
layer 180K, and a third laver 1812, Light is, at least partially, confined within the second layer
I808 and the third faver 1812, The sccond layer 1808 comprises the active region 638, The

contact metal 804 18 on the third layer 1812, The third layer 1812 has a third width, 3, which, in
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some ¢mbodiments, is wider than the contact metal 804, One side of the second layer 1808
extends a fourth width, W, beyond the third width W5 of the third layer 1812, The fourth width
W, is equal to the second width W), minus the first width W, (i.c., W, = W,- W;). The second
layer 1808 has a fifth width, W5, that is cqual to Ws= Wi+ 2¥W,. The third layer 1812 has a
height cqual to the sccond depth D, The sccond layer 1808 has a height equal to the first

depth £2;. In some cmbodiments, ctching the second depth 1) is performed before etching the

first depth 12, In some embodiments, 23, = 0.535 um, 2,=0.95 uym; Wy=2 um; and W= | pm.

{0077} Referring next to FEG. 19 a simplified cross-sectional, side view of an embodiment of
the compuosite device covered with a fourth material 1904 is shown. In some embodiments, the
tourth matcrial 1904 hermetically scals the chip 604 in the recess 408 of the platform 100. In
some embodiments, the fourth material 1904 i3 Si02. In some embodiments, the fourth
material 1904 1s smoothed to a flat, or relatively flat, surface. o some embodiments, the fourth
roaterial above the apper layer 116 is removed and the composite device 18 polished so that the

fourth material 1904 does not extend above the recess 408 of the platform 100,

[B078] FIGs. 20 and 21 are simplified views of an ermbodiment for connecting electrical
contacts to the chip 604, In FIG, 28, part of the {ourth material 1904 is removed and a first

lead 2004 15 connected to the contact metal 804 on the chip 604, FIG. 20 further shows the
platform 100 having been etched on a side opposite the lower layer 108 to form a second
opening in the base layer 104, A bottom 608 of the second opening s formed at or near ap
interface between the base layer 104 and the lower layer 102, In some embodiments, the second
opening is to increase thermal impedance. In some embodiments, the platform 100 comprises a
grating that changes reflectivity based on temperature {e.g., binary super grating). A thermal
source is attached to the grating. In some embodiments, the base laver 108 acts as a heat sink for
the platform 108, The second opening increases thermal impedance, thus reducing the thermal
source’s influence on other elements of the composite device and/or how much current is needed
to increase a temperature of the grating. In another example, during bonding, the bonding
material 628 is a solder and heated during bonding. The second opening reduces heating of other
clements that are part of the platform 100 and/or heat transfer to other parts of the base layer 104

during bonding of the chip to the platform 100,
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{0¢79]  In FIG. 21, an ctch window having a fifth channel 2054 and a sixth channel 2056 is
shown. Material in the recess 408 under the fifth channel 2054 and under the sixth channet 2056
arc removed for ochmic contacts to be made with the chip contact 624, opposite the chip surface
808, Current flows from the first lead 2004, through the contact metal 804, through the active
region 608, through the chip contact 624, and to the chmic contacts. In some embodiments, a

voltage is applied, such as a reverse bias, instead of applying a current.

{008G] Reforring next to FEG, 22, a flowchart of an embodiment of a first process 2200, for
creating a compostie device, 1s shown, The first process 2200 begins n step 2204 where a recess
is etched in a platform 100. For example, the recess 408 as described in the discussion of

FIG. 2A and/or FIG. 3A. In some embodiments, a first mask is used to define an ciching arca for
the recess, and the first mask is aligned with the target 212, In step 2208, a chip is bonded in the
recess 408 of the platform 100, For exarople, as described in the discussion of FIG. 6A and

FIG. 6B. The platform 100 bonded to the chip forms the composite device. In some
embodiments, a portion of the chip is removed as described in the discussion of FIG. 6A and

F1G. 7.

{0081}  Insicp 2212, a contact metal 804 5 applied to the chip. In some embodiments, the
contact metal 804 15 applied to the chip afier a portion of the chip is removed {¢.g., as described
in the discussion of FIGs. 7 and 8). A gap 708, separates a side of the chip and a wall 204 of the
recess 408, In step 2216, the gap 708 between the platform 100 and the chip is filled with a first
material 904 (e.g., as described in the discussion of FIG. 9 by covering the composite device). In
some ernbodiments, excess portions of the first material 304 are removed {e.g., as described in
the discussions of FIGs. 10 and 11). In step 2220, the first material is partially removed from the
gap {c.g., as described in the discussions of FIGs. 124, 12B, and 13). In some embodiments, a
second mask is applied that defines an ctch arca over the gap, before the first material is partially
removed, and the second mask is aligned using the target 212, The first material is partially
removed by ctching. The gap, in step 2224, is then filled with a sccond material {e.g., as
described in the discussions of FIG. 14A and FIG. 14B by covering the compostie device with
the second material). In step 2228, the sccond material 1404 18 partially removed from the gap
708 {e.g., as described in the discussion of FIG. 15). In some embodiments, the second material

forms an optical bridge 1504, which is an optical connector, between the platform 100 and the
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chip 604 In stop 2230, the chip 604 and the optical bridge 1504 are covered with a third material
{c.g., as described in the discussion of FIG. 16). In some embodiments, the third material is
8102,

{0082} Instep 2232, one or more portions of the chip are eiched. For example, to make a
waveguide on the chip 604 as described in the discussion of FIGs. 17A-C and 18, Though
ctching is used in this embodiment to form a feature, other featares, such as clectrical contacts on
the chip, can be formed. Examples of features that can be formed on the chip 604 and/or the
platform 100 include current-confinement structures {e.g., tronches and/or ion-implantation
regions), clectrical contacts, waveguides, reflectors, mirrors, gratings, and beam splitters. For
cxample, a trench could be formed across a path of an optical waveguide in the chip 604 and/or
in the platform 100, The trench could act as coupling mirror for a laser cavity. Featurcs are made
by processing the chip 604 and/or the platform 100 by patterning, ctching, deposition, ton
implantation, etc. In some embodiments, the chip 604 is processed to form one or more features
on the chip 604 that align with one or more features on the platform 100 (e.g., one or more
features on the chip 604 being defined and/or patterned with a mask that is aligned with a target

on the platform 100).

[B083] Insome embodiments, a third mask is used to define an area to remove from the chip o
form a featare on the chip. The third mask 1s aligned using the target 212, Tn some embodiments,
sirmnilar features are roade and/or applied fo the optical bridge 1504, For example, a waveguide is
made in the optical bridge 1504 at the same time a waveguide 15 made on the chip. Tn some
embodiments, a fourth mask s used in defining a second etch area in forming the features. For
example, the third mask is used to create an open window as described in FIG. 178 (first channel
1704-1 and second channet 1704-23. And the fourth mask is used to create another open window
as described in FIG. 17C (third channel 1708-1 and fourth channel 1708-2}. In some

embodiments, the third and/or the fourth mask are aligned using the target 212,
g & &

{B084]  In step 2236 the chip i1s hermetically sealed (e.g., as deseribed in the discussion of
FIG. 19 using a fourth material 1904 to cover the chip 604}, In some embodiments, ohmic

contacts are also added {(e.g., as described in FIGs. 28 and 21).

00R85]  Insome embodiments, a target 212 is used for processing both the platform 106 and the
i 2 p g p

chip. In some embodiments, the target 212 15 on, or part of, the platform 100, For example, the
IS 2 ¢ ¢ p
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target 212 (i.¢., the same target) is used to align masks for steps 2204, 2212, 2220, 2228, and/or
2232, In some embodiments, using the target 212 for processing the chip after the chip is bonded
with the platform 100 allows for tighter processing tolerances and/or reduces having to aligna
feature {c.g., a waveguide) on the chip with a feature (2.g., a waveguide) on the platform 100

before or during bonding.

{0086} Reforring next to FIG. 23, a flowchart of an emmbodiment of a sccond process 2300, for
creating a composite device, is shown. The second process 2300 for creating a composite device
begins in step 2304 where a platform having a recess is provided. For example, the platform 100
in FIG. 3A is provided. The platform 100 in FIG. 3A has a base layer 104 and a device layer 112,
wherein the device layer comprises a plurality of walls 204 forming an opening in the device
laver 112 such that a portion of the base layer 104 i3 exposed through the device layer, as shown

n FIGs. 28 and 3B.

{6087] Instep 2308, a chip s provided. The chip 604 in FIG. 6A is an cxample of the chip
provided in step 2308, In FIG. 6A, the chip 604 has an active region 608 and a substratc 614 (a

region cxtending from the bottom surface 616 to the ctch stop 612).

{B088] Instep 2312, the chip 604 is bonded to the platform 100 in the recess 408 of the
platform 100, In some embodiments, the chip 604 is bonded to the platform 100 such that an
active region 608 of the chip 604 aligns with the device layer 112 of the platform 100 (.2, so
that the device layver 112 and the active layer 608 share a common horizontal axis and/or so that
there 1s overlap of optical modes in the device layer 112 and the active layer 608; in some
embodiments, overlap of optical modes in the device layer 112 and the active layer 608 is
maximized). In some ermbodiments, pedestals 304 are used to align the active region 608 of the

chip 604 with the device layer 112

[B08%]  In some embodiments, the chip extends through the opening in the device layer, and the
substrate 614 of the chip 604 extends above the platform 100 (1.¢., out of the recess 408). Tn step
2316, at least a portion of the chip is removed while the chup 18 bonded to the first semiconductor
{c.g., as described in the discussions of FIGs. 64, 68, and 7). In some embodiments, the at least
a portion of the chip is removed so that the chip does not extend above the platform 100, In some
embodiments, the at least a portion of the chip is removed by etching the chip to an cich stop

{e.g., ctch stop 612 in FIG, 6A) in the chip.
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{0G98] Reforring next to FEG. 24A, a flowchart of an embodiment of a third process 2400, for
processing a chip after bonding to a platform, is shown. The third process 2400 begins in step
2404 by providing a composite device. The composite device compriscs a platform with a recess
and a chip bonded in the recess of the platform {c.g., the platform 100 bonded to the chip 604 in
FiGs. 7,9, or 16).

{0091} Instep 2408, a mask is applicd to the composite device to define an arca of the chip to
ctch. For example, the mask could include an open window like the first channcl 1704-1 and the
scecond channel 1704-2 in FIG. 17B. In some cmbodiments, the mask in step 2408 is aligned

using the target 212, which was used previously to align a mask with the platform.

{0092} Instep 2412, the chip is etched, based on arcas cxposed by the mask in step 2408, after
the chip has been bonded to the platform. In some embodiments, the ciching in step 2412 is to
form a waveguide, such as the waveguide in FIG. 18, In some embodiments, optical bridges
1504 are also ctched when the chip is etched so that waveguides in the optical bridges 1504 arc
formed as well. In some embodiments, a second mask s used to define another etch arca {e.g.,
the third channel 1708-1 and the fourth channel 1708-2 in FIG. 17C). In some embodiments,
other features are also made in the platform 100, For example, waveguides and gratings, such as
binary super-imposed gratings {BSG), are formed in the platform 100 before and/or afier
bonding the chip to the platform 100. The BSGs are used as mirrors in the silicon to form a laser
cavity with the gain medium being the TH-V material. In some embodiments, the waveguide
formed {e.g., photolithographically) in the chip is formed to align with a waveguide in the
platform 100, Tn some embodiments, a CMOS fab and/or CMOS fabrication techniques are used
for etehing and/or processing features (¢.2., waveguides, mirrors, and/or recesses} on the chip
604 and/or platform 100, Processing the chip 604 (e.g., etching) after the chip is bonded to the
platform 100 allows the chip 604 to be “self-aligned” to the platform 100, In some embodiments,
having a chip 604 be self-aligned is useful. For example, if a waveguide was formed on the chip
604 betore bonding, then the chip 604 would have to be aligned with the platform, sometimes
using very narrow tolerances for alignment. By processing the chip 604 {e.g., etching) after
bonding the chip 604 to the platform allows alignment of chip 604 features with features in the
platform 100 using photolithography techniques, which can be very precise. In particular, if

many chips {¢.g., greater than 50, 100, 500, 1000, or 3000 chips) are bonded to a single platform
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100, aligning the many chips could be time consuming and expensive, as well as less accurate.
But by processing the many chips at once (e.g., using photolithography techniques) after the
chips 604 arc bonded to the platform 100 can speed production and/or provide better aligned

chips 604 to the platform 100

{0093] Referring next to FEG, 248, a flowchart of an embodiment of a fourth process 2400, for
processing a chip after bonding to a platform 100, is shown. The fourth process 2400 begins in
step 2454 by aligning a first mask with a target to define an etch arca on a platform. The ctch
arca on the platform is ciched, forming a recess in the platform, step 2456 (c.g., forming a recess
408 in the platform 100 as shown in FIG. 2A and 2B). A chip is bonded in the recess 408 of the
platform, step 2458 (¢.g., chip 604 in FIG. 7).

{0094] Instep 2462, a seccond mask is aligned with the target to define a feature arca, wherein
the feature arca 18 on the chip. The chip is then processed to form a feature on the chip, step
2466, Examples of processing inchude adding material and/or removing material {¢.g., ctching).
In some embodiments, the feature is a waveguide. In some embodiments, the feature is a contact

metal placed on the chip.

{0095} The specific details of particular cmbodiments may be combined in any suitable
manner without departing from the spirit and scope of embodiments of the invention. However,
other embodiments of the invention may be directed to specific cmbodiments relating to cach

individoal aspect, or specific combinations of these individual aspects.

{0096} The above description of exemplary embodiments of the invention has been presented
for the purposes of illustration and description. It is not intended to be exhaustive or to limit the
nvention to the precise form described, and many modifications and variations are possible in
light of the tecaching above. For example, in the embodiments above, the platform 100 comprises
four layers: the base layer 104, the lower layer 108, the device layer 112, and the apper layer
116, Additionally, the device layver 112 18 processed and the upper layer 116 15 placed on the
device layer 112 before the opening is etched in the platform 100 to form the recess 408, Butin
some erobodiments, the device layer 112 is unprocessed and/or the upper layer 116 is not present
before the platform 100 is ctehed to form the recess 408, In some embodiments, the chip 604 and

the device layer 112 are processed {e.g., waveguides etched in the chip 604 and the device layer
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112} after the chip 604 is bonded to the platform 100 {e.g., cither at the same time or

sequentially).

{0G97] Further, similar technigues as described above could be used in aligning the chip 604
relative to the platform 100 in order to align an ¢lectrical contact {¢.g., for a high speed HI-V
circuit clement) and/or to form a planar top surface across both the platform 100 and the chip
604, Further, other devices could be made where functionality is split across two or more
materials. In some embodiments, the chip comprises an active region for a detector or a
maodulator. For example, a Mach-Zchnder interferometer structure could be made in the platform
160 {(c.g., of silicon) and one or more chips 604 made of HI-V material could be used to
maodulate a phase change in the interferometer. In some cmbodiments, the chip 604 compriscs a
second material that is different from a first material of the platform 100, and the second material
15 not an epitaxial semiconductor material. For example, in some embodiments, garnet and/or
other material {e.g., other non-reciprocal material} is used in the active region of the chip 604
{¢.g., material for an active region for a Faraday rotator). For example, one or more isolators
and/or circulators are rade using garmnet (e.g., see U.S. Apphication No. 13/838,596, filed on
March 15, 2013, which is incorporated by reference). In some embodiments, a device {e.g.,
silicon platform) comprises at least one of a CMOS device, a BICMOS device, an NMOS device,
a PMOS device, a detector, a CCD, diode, heating element, or a passive optical device {e.g., a
waveguide, an optical grating, an optical splitter, an optical combiner, 8 wavelength multiplexer,
a wavelength demultiplexer, an optical polarization rotator, an optical tap, a coupler for coupling
a smaller waveguide to a larger waveguide, a coupler for coupling a rectangular stlicon
waveguide to an optical fiber waveguide, and a multimode interferometer). In some
embodiments, the platform 100 is homogeneous. In some embodiments, pedestals 304 are
formed by ctching the platform 100 while creating the recess 408, In some embodiments,
pedestals are formed by first etching and then deposition {e.g., epitaxial growth}. In some
embodiments, the deposition to form the pedestals is a dielectric {c.g., SizNy}. In some
embodiments, the deposition to form the pedestals is a polymer. In some embodiments, the

deposition to form the pedestals is a semiconductor {¢.g., silicon).

{8098} The cmbodiments were chosen and described in order to explain the principles of the

invention and practical applications to thercby enable others skilled in the art to best utilize the
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invention in various embodiments and with various modifications as are suited to the particular

usc contemplated.

{0699]  Also, it is noted that the embodiments may be deseribed as a process which is depicted
as a flowchart, a flow diagram, a data flow diagram, a structure diagram, or a block diagram.
Although a flowchart may describe the operations as a sequential process, many of the
operations can be performed in parallel or concurrently, In addition, the order of the operations
may be re-arranged. A process is terminated when tis operations are completed, but could have
additional steps not included in the figure. A process may correspond to a method, s function, a

procedure, a subroutine, a subprogram, ctc.

{0180} A recitation of “a”, “an”, or “the” is intended to mean “one or more” unless specifically

indicated to the contrary.

{0101] Al patents, patent applications, publications, and descriptions mentioned here are

incorporated by reference in their entirety for all purposes. Nonge is admitted to be prior art.



Claims

1. A method for fabricating a composite device comprising:
providing a platform, the platform comprising:
a base layer;
a device layer; and
an insulating layer between the base layer and the device layer, wherein
the insulating layer comprises a different material than the base layer;
etching the platform to form a plurality of walls in the device layer and the
insulating layer, wherein the device layer and the insulating layer comprise the plurality of walls
forming an opening in the device layer and the insulating layer such that:
a portion of the base layer of the platform is exposed through the device
layer and the insulating layer through the opening; and
the opening is laterally surrounded by the plurality of walls;
providing a chip, the chip comprising:
a substrate comprising a 111-V material; and
an active region comprising a I11-V material;
aligning the active region with the device layer using pedestals formed in the
platform;
bonding the chip to the portion of the base layer of the platform, so that the active
region is optically aligned with the device layer of the platform;
removing at least a portion of the substrate from the chip after bonding the chip to
the portion of the base layer of the platform; and
applying a material between the chip and a wall of the plurality of walls to form
an optical bridge between the chip and the wall, wherein the material between the chip and the
wall has an index of refraction matched to a refractive index of the device layer or the active

region of the chip.

2. The method for fabricating the composite device as recited in claim 1, wherein:

the chip extends through the opening of the device layer and the insulating layer,
after bonding the chip to the portion of the base layer of the platform; and

the substrate of the chip extends above a top surface of the platform.
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3. The method for fabricating the composite device as recited in claim 1, wherein the

platform comprises silicon.

4, The method for fabricating the composite device as recited in claim 1, wherein the device
layer of the platform comprises crystalline silicon.

5. A method for fabricating a composite device, the method comprising:
providing a platform having a base layer, a device layer, and an insulating layer,
wherein:
the insulating layer is between the base layer and the device layer;
the insulating layer comprises a different material than the base layer;
the platform comprises a recess that forms an opening in the device layer
and the insulating layer to expose a portion of the base layer;
the opening in the device layer and the insulating layer is defined by a
plurality of walls such that the opening is laterally surrounded surround-by the plurality
of walls; and
the device layer comprises a first material,
providing a chip, wherein:
the chip comprises an active region and a portion of a substrate;
the active region comprises a second material; and
the portion of the substrate comprises the second material;
bonding the chip in the recess to the portion of the base layer of the platform,
wherein the bonding the chip in the recess optically aligns the active region of the chip with the
device layer of the platform ;
removing the portion of the substrate from the chip after the chip is bonded to the
platform; and
applying a material between the chip and a wall of the plurality of walls to form
an optical bridge between the chip and the wall, wherein the material between the chip and the
wall has an index of refraction matched to a refractive index of the device layer or the active
region of the chip.
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6. The method for fabricating the composite device as recited in claim 5, wherein the
portion of the substrate extends above the platform and after removing the portion of the

substrate the chip does not extend above the platform.

7. The method for fabricating the composite device as recited in claim 5, wherein removing

the portion of the substrate is performed by etching.

8. The method for fabricating the composite device as recited in claim 5, further comprising
fabricating the chip by growing an etch stop above the substrate and then growing the active
region above the etch stop.

9. The method for fabricating the composite device as recited in claim 5, wherein:
the chip further comprises an etch stop; and

removing the portion of the substrate includes etching the chip to the etch stop.

10. The method for fabricating the composite device as recited in claim 5 wherein the

insulating layer comprises an oxide.

11.  The method for fabricating the composite device as recited in claim 5, wherein the

second material is a l11-V material.

12.  The method for fabricating the composite device as recited in claim 5, wherein the device

layer comprises silicon.
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