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AN INTEGRATED ASSEMBLY AND A METHOD OF MANUFACTURING THE

SAME

Field

[0001] The present invention relates generally to an integrated assembly and a

method of manufacturing the same.

Background

[0002] Silicon Opto-Electronic Integrated Circuits (SOEICs) have emerged as the
enabling technology for a new generation of optical networking modules. SOEICs utilizé
mature materials processing and extensive electronic functionality of silicon.

[0003] Just like fiber optic networks have enabled the rapid expansion of the Internet
by enabling users to exchange huge amounts of data from anywhere in the world, a
related technology known as “silicon nanophotonics™ is bringing similar capabilities to
the level of the computer chip. Using silicon optical waveguides, or nanometer;sized
“light pipes,” integrated on the same piece of silicon material as the chip multi-processor,
the huge amount of data which needs to be passed back and forth between all the cores
can be carried by pulses on a beam of laser light, using much less total power than is used
by electrical signals. Therefore, much of the electrical wiring within the multi-processor
can potentially be replaced with a network of silicon waveguides, which will act as the
“nervous system” of future on-chip supercomputers.

[0004] One of the key components needed for any such optical network is a silicon

optical modulator, which has the job of transferring high-speed electrical signals traveling
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on wires into pulses of laser light, traveling along a silicon waveguide. However, one of
the biggest obstacles to the implementation of optical interconnects is the cost.

[0005] Having said that, a couple of factors may hamper the breakthrough of
photonic ICs. Firstly, the current technology lacks a large-scale market to push
development, this is a situation that is beginning to change with the introduction of all-
optical networks. Secondly, integrating a variety of photonic devices on a single substrate
material presents technical complications. Thirdly, passive integrated optical devices and
optical interconnects are significantly larger than their electronic counterparts.

[0006] A couple of processing techniques have been proposed to overcome these
problems. One technique is the universal substrate approach in which only a single
compromise structure is grown. The design of this structure is such that perhaps all of the
individual device structures depart from optimum to an extent, but their integration offers
an overall functional advantage. Another technique uses multiple growth steps and etch
processes to yield separately optimized device structures. However, the technique
complicates waveguide alignment and coupling. A further technique relies on selective
area growth, which gives a certain degree of freedom to selectively determine the local
band gap of different devices within a single plane simultaneously.

[0007] However, there is still a need for an integrated assembly which can solve the

above-mentioned problems.

Summary of the Invention

[0008] According to one embodiment of the present invention, an integrated

assembly is provided. The integrated assembly includes a substrate with an integrated
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circuit; an interconnect structure disposed above the substrate, wherein the interconnect
structure comprises a metallization plane; a first dielectric cavity formed through the
interconnect structure and at least a part of the substrate to accémmodate a first optical
component; wherein the integrated circuit and the first optical component are provided on
the same side of the substrate.

[0009] Acqording to one embodiment of the present invention, a method of
manufacturing an integrated assembly is provided. The method includes forming an
integrated circuit on a substrate; forming an interconnect structure on or above the
substrate; forming a first dielectric cavity through the interconnect structure and at least a
part of the substrate to accommodate a first optical component; and providing the
integrated circuit and the first optical component on the same side of the substrate;

wherein the interconnect structure comprises a metallization plane.

Brief Description of the Drawings

[0010] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the invention are described with reference
to the following drawings, in which:

FIGS. 1A to 1] shows a method of manufacturing an integrated assembly
according to one embodiment of the present invention;

FIGS. 2A to 2J shows a method of manufacturing an integrated assembly |

according to one embodiment of the present invention;
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FIGS. 3A to 3K shows a method of manufacturing an integrated assembly
according to one embodiment of the present invention;

FIG. 4 shows a flowchart of a method of manufacturing an intégrated assembly
corresponding to FIGS. 1A to 1J and FIGS. 2A to 2J according to one embodiment of the
present invention;

FIG. 5 shows a flowchart of a method of manufacturing an integrated assembly
corresponding to FIGS. 3A to 3K according to one embodiment of the present invention;
and

FIG. 6 shows a top-view of an integrated assembly according to one embodiment

of the present invention.

Description

[0011] FIGS. 1A to 1J shows a method of manufacturing an integrated assembly
according to one embodiment of the present invention. FIG. 1A shows an integrated
asssembly 150 including a substrate 102 and an interconnect structure 104 disposed
above the substrate 102. The substrate 102 includes a silicon-on-insulator (SOI) structure.
In particular, the substrate 102 includes a support substrate 106, a first insulating layer
108 disposed above the support substrate 106 and a semiconductor layer 110 disposed
above the first insulating layer 108. The interconnect structure 104 includes a
metallization plane (not shown) and a second insulating layer (not shown). The integrated
assembly 150 further includes a metallic pad 112 provided on the interconnect structure
104.

[0012] In one embodiment, the integrated assembly 150 may include an integrated

circuit provided on the semiconductor layer 110. Optical passive structures may also be
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formed in the semiconductor layer 110. The optical passive structures may include nano-
tapered structures. Alignment keys may also be included in the integrated assembly 150
for alignment between the substrate 102 fabricated in a front end process and the
interconnect structure 104 fabricated in a back end process.

[0013] In one embodiment, the interconnect structure 104 includes a stack layer of a
plurality of metallization planes and second insulating layers, which may be termed as a
multi-level metallization or dielectric stack.

[0014] In one embodiment, the support substrate 106 includes a material selected
from the group consisting of silicon, sapphire, polysilicon, silicon oxide and silicon
nitride. The first insulating layer 108 and the second insulating layer respectively include
a material selected from the group consisting of silicon oxide, a polymer or any other
dielectric material. The semiconductor layer 110 includes a material selected from the
group consisting of silicon, gallium arsenide and silicon-germanium. The metallization
plane includes conductor tracks for example made of Tungsten, Copper or Aluminium.
The metallic pad 112 includes Aluminium or any othér combinations of metals like
Under-Bump Metallization (UBM)

[0015] In one embodiment, the thickness of the support substrate 106 is in the range
of between about few hundred microns to full thickness of the substrate, dependiﬁg on
the wafer diameter. The thickness of the first insulating layer 108 can vary from sub-
micron dimensions to severai microns. The thickness of the semiconductor layer 110 is in
the range of between tens of nanometers to about few microns. The thickness of the

interconnect structure 104 is in the range of between few microns to tens of microns.
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[0016] In FIG. 1B, two dielectric cavities 116 and 118 are formed in the interconnect
structure 104, the semiconductor layer 110 and the first insulating layer 108 to expose
two portions of the support substrate 106 by a suitable lithography process. First, a layer
of photoresist 114 is deposited on the interconnect structure 104. The photoresist layer
114 is then patterned to form two openings or contact windows to expose two portions of
the support substrate 106 by suitable lithography and etching techniques. Portions of the
interconnect structure 104, semiconductor layer 110 and the first insulating layer 108 not
covered by the photoresist 114 are being etched to form two dielectric cavities 116, 118
to expose two portions of the support substrate 106. The exposed portions of the support
substrate 106 inside the dielectric cavities 116 and 118 provide a reference plane on
which optical components can be assembled. A reference plane is important for aligning
all external components with device structures in the support substrate 106 during the
optical component assembly process. The support substrate 106 may therefore be termed
as an optical sub-assembly platform. Accordingly, the two portions of the support
substrate 106 exposed by the respective dielectric cavities 116 and 118 may be used for
assembling optical components like for example a laser diode and a detector. After
forming the two cavities 116, 118 , the photoresist layer 114 is removed or stripped away
by a plasma resist strip and a wet clean process. This process in FIG. 1B may be termed
as contact window or reference window lithography.

[0017] In this regard, any other suitable techniques or processes may also be used in
order to provide greater flexibility with respect to forming the dielectric cavities 116,
118. In one embodiment, suitable lithography processes include deep ultra-violet

lithography, i-line lithography. Suitable etching processes include wet etching and dry
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etching like Plasma Etching (PE), Reactive Ion Etch ( RIE) and Deep Reactive Ion
Etching (DRIE).

[0018] In FIG. 1C, a trench 120 is formed at the bottom of a first dielectric cavity 116
by a suitable lithography process. Another layer of photoresist (not shown) is deposited
on the interconnect structure 104 and on a portion of the support substrate 106. The
photoresist layer is then patterned to form an opening thereby exposing a portion of the
support substrate 106 at the bottom of the first dielectric cavity 116 by suitable
lithography techniqués. The portion of the support substrate 106 not covered by the
photoresist is being etched to form the trench 120 in the support substrate 106. The trench
120 may be used for subsequent placement of optical components for example laser
diode, optical detector, fiber and lens. After forming the trench 120, the photoresist layer
is removed or stripped away by a plasma resist strip and a wet clean process. This process
in FIG. 1C may be termed the fiber cavity or guide slot lithography.

[0019] In this regard, any other suitable techniques or processes may also be used in
order to provide greater flexibility with respect to forming the trench 120 in the support
substrate 106. In one embodiment, suitable lithography processes include deep ultra-
violet lithography, i-line lithography or broadband UV lithography by using
con\.fentionally coated positive or negative photoresist, laminated dry resist film, Spray
coated resist or electroplated photoresist. Suitable etching processes includes wet
chemical etching and dry etching processes for example a deep reactive-ion etching
(DRIE), Plasma Etching (PE) and Reactive Ion Etch (RIE) process. Each of the DRIE,
PE and RIE processes is an anisotropic etch process used to create deep, steep-sided

holes and trenches in substrates.
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[0020] In an embodiment, a thin layer of dielectric (not shown) such as silicon
nitride, silicon oxy-nitride, silicon oxide, silicon carbide in the range of about 50A to
about 1000A is deposited globally by plasma enhance chemical vapor deposition
(PECVD) aftér Vforming of the trench 120 to improve the adhesion of a subsequently
deposited under bump metallization (UBM) layer or UBM film stack with the underlying
support substrate 106. The dielectric layer can be deposited as a single layer or a
combination of two or more layers. The dielectric layer thus serves as an adhesion
promoter between the support substrate and the deposited UBM metal or UBM film
stack. The UBM layer or UBM film stack is composed of an adhesion layer like Titanium
or Chromium, a solder diffusion barrier like Nickel or Platinum and finally a solder
wetting layer like Gold or Copper.

[0021] In FIG. 1D, a dry resist film 122 is laminated over the interconnect structure
104 using a dry-film laminator. A suitable pattern for UBM is transferred onto the dry
resist film 122 by a suitable lithography process. Essentially the transfer of the pattern to
the dry resist film 122 is performed by a selective exposure to a radiation source, such as
ultraviolet (UV) light. Then selective portions of the dry resist film 122 may be dissolved
by a suitable developer solution, giving rise to three patterns 124, 126, 128 in the dry
resist film 122. The three patterns 124, 126, 128 formed in the dry resist film 122 include
a first pattern 124 which exposes a portion on the metallic pad 112, a second pattern 126
which exposes a portion of the interconnect structure 104 and a third pattern 128 which
exposes a portion of the support substrate 106. It may be noted that, depending on

whether a positive or negative photoresist is used, the UV exposed portion or unexposed
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portion is dissolved in a developer solution to form the final lithographic pattern. In case
of positive photoresist, the exposed areas are developed seleétively. In case of negative
photoresist, the unexposed areas are selectively developed.

- [0022] Next, a UBM layer or UBM film stack 129 is deposited over the dry resist
film 122 and into the respective exposed patterns 124, 126, 128 formed in the dry resist
film 122 using a suitable deposition process like for example e-beam evaporation or
sputtering process. The UBM layer portion 130 deposited on the metallic pad 112 may
serve for a subsequent die attachment and wire-bonding, the UBM layer portion 132
deposited on the portion of the interconnect structure 104 may serve for a subsequent
placement of a seal ring and the UBM layer portion 134 deposited on the portion of the
support substrate 106 may serve for a subsequent placement of a laser diode. In one
embodiment, the UBM film stack 129 is composed of a combination of 0.025 to 0.3 um
Titanium (Ti) , 0.025 to 0.3 um Platinum (Pt) ,0.5 to 2 pm Gold (Au) multi-layer metal
stack. The UBM film stack 129 can also be composed of other multi-layered metal stacks
liké for exémple 0.025 to 0.3 um Chromium (Cr)/0.5-2 pm Gold (Au) and 0.025 to 0.3
um Titanium (Ti)/0.025-0.3 pm Nickel (Ni)/0.5-2 pm Gold (Au). The UBM layer or -
UBM film stack 129 is annealed at a temperature preferably in the range of about 200 to
about 350 °C to improve the respective adhesion between the UBM layer portion 130 and
the Aluminum pad 112, the UBM layer portion 132 and the interconnect structure 104
and the UBM layer potion 134 and the underlying support substrate 106. The annealing
helps in improving the adhesion between UBM layer and any surface it is making contact

with.
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[0023] In FIG. 1E, the dry resist film 122 and any unwanted UBM layer 129 over the
dry resist film 122 are removed by a suitable process, for example, a lift-off process. The
processes in FIG. 1D and FIG. 1E may be termed as dry film lithography process for lift-
off metallization of UBM metal stack for a die attachment, wire-bonding and for seal ring
fabrication to protect the laser diode. The photolithography process can be any one of the
following commonly known methods like for example contact or proximity alignment
lithography or projection lithography.

[0024] In FIG. 1F, another dry resist film 136 is laminated over the interéomect
structure 104 using a dry-film laminator. A suitable flow-stop pattern is transferred onto
the dry resist film 136 by a suitable lithography process. Essentially the transfer of the
pattern to the dry resist film 136 is performed by a selective exposure to a radiation
source, such as UV light. Then a selective portion of the dry resist film 136 may be
dissolved away by a suitable developer solution, giving rise to two patterns 138 in the dry
resist film 136. The two patterns 138 formed in the dry resist film 136 respectively
expose two corresponding portions on the UBM layer portion 134 previously deposited
on the portion of the support substrate 106.

[0025] Next, a flow-stop layer 140 is deposited over the dry resist film 136 and
through the two patterns 138, onto the UBM layer portion 134 on the support substrate
106 using for example an e-beam evaporator or sputterning process. This provides for
two flow-stop layer portions 141 positioned adjacent to each other on the UBM layer
portion 134. In one embodiment, a material for the flow-stop layer 140 and the flow-stop
layer portions 141 is a material which does not react with a conductive material (for

example solder) to be subsequently deposited in between the two flow-stop layer

10
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portions. Some examples include metals such as Aluminium (Al), Nickel (Ni) and
Platinum (Pt) and non-metals such as dielectric or polymer. In one embodiment, the
thickness of the flow-stop layer 140 1s in the range of between about 0.5 pm to a few pm.
It is essential that the material for the flow-stop layer 140 is thermally stable at the
conductive material reflow temperature which is typically in the range from about 100 °C
to about 350 °C.

[0026] In FIG. 1G, the dry resist film 136 and any unwanted flow-stop layer 140 are
removed by a suitable process, for example, a lift-off process. The processes in FIG. 1F
and FIG. 1G may be termed as dry film lithography process for lift-off metallization of
flow-stop pattern. The dry resist film patterning process may also be termed as a contact
or proximity alignment or projection lithography.

-[0027] In FIG. 1H, a further dry resist film 142 is again laminated over the
interconnect structure 104 using a dry-film laminator. A suitable pattern for a conductive
layer deposition is transferred onto the dry resist film 142 by a suitable lithography
process. Essentially the transfer of the pattern to the dry resist film 142 is performed by a
selective exposure to a radiation source, such as UV light. Then a selective portion of the
dry resist film 142 may be dissolved by a suitable developer solution, giving rise to two
patterns 144, 146 in the dry resist film 142. The two patterns 144, 146 include a first
pattern 144 which exposes the UBM layer portion 130 previously deposited on the
metallic pad 112 and a second pattern 146 which exposes a combination of the UBM
layer portion 134 previously deposited on the support substrate 106 and the ﬂow-stop

layer portions 141 deposited on the UBM layer portion 134.

11
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[0028] Next, a conductive layer is deposited by evaporation or sputtering process
over the dry resist film 142 and t.hrough the two patterns 144, 146 thereby giving rise to a
first conductive layer portion 148 onto the UBM layer portion 130 on the metallic pad
112 and a second conductive layer portion 149 onto the UBM layer portion 134 on the
support substrate 106, between the two flow-stop layer portions 141 using an e-beam
evaporator. The two flow-stop layer portions 141 may serve as a boundary for the second
conductive layer portion 149 and helps to prevent the second conductive layer portion
149 from flowing out of a designated area. The first conductive layer portion 148 and the
second conductive layer portion 149 may be a solder layer.

[0029] In FIG. 1], the dry resist film 142 and any unwanted conductive layer are
removed by a suitable process, for example, a lift-off process. The processes in FIG. 1H
and FIG. 11 may be termed as dry film lithography process to deposit a conductive layer
for die attachment and electrical interconnection. The dry resist film patterning process
may also be termed as a contact or proximity alignment or projection lithography.

[0030] FIG. 1J shows an integrated assembly 150 including the integrated circuit and
optical components such as an optical fiber 152 and a laser diode or a photodiode 154 on
the same side of the substrate 102. In FIG. 1J, an electrical pad or UBM layer portion 156
is shown on the laser diode or photodiode 154, the electrical pad 156 in contact with the
flow-stop layer portions 141 and the second conducti§e layer portion 149 in between the
flow-stop layer portions 141. The electrical pads 156 are typically made of gold or
capped with a layer of gold. The optical components such as the optical fiber 152 and the
laser diode or a photodiode 154 are arranged into the respective dielectric cavities 116,

118 previously formed through the interconnect structure 104, the semiconductor layer

12
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110 and the first insulating layer 108 in FIG. 1B. The optical fiber 152 is arranged in the
first area of the support substrate 106 exposed by the first dielectric cavitiy 116 and the
trench 120 and the laser diode or a photo diode 154 is arranged in the second area of the
support substrate 106 exposed by the second dielectric cavity 118, the laser diode or the
photo diode 154 in electrical contact with the electrical pad 156 in contact with the
second conductive layer portion 149 and solder flow-stop layer portions 141 formed in
FIG. 1G and FIG. 11 respectively.

[0031] A portion of the interconnect structure 104, the semiconductor layer 110 and
the first insulating layer 108 serves as a first alignment structure 162 for the subsequent
placement of the laser diode or photo diode 154. A further portion of the interconnect
structure 104, the semiconductor layer 110 and the first insulating layer 108 serves as a
second alignment structure 164 for the subsequent placement of the laser diode or photo
diode 154. The combination of the UBM layer portion 134 deposited on the support
substrate 106, the flow-stop layer portions 141, the second conductive layer portion 149
in between the flow-stop layer portions 141 and the electrical pad 156 provides for a third
alignment structure 166 for the subsequent placement of the laser diode or photo diode
154. The first 162 and second 164 alignment structures may be termed as X/Y-axis
stoppers and the third alignment structure 166 may be termed a Z-axis stopper.

[0032] FIGS. 2A to 2J shows a method of manufacturing an integrated assembly
according to one embodiment of the present invention. The method as shown in FIGS.
2A to 2J is similar to the method as shown in FIGS. 1A to FIG. 1J with the difference in
the patterning of the interconnect structure 104, the semiconductor layer 110 and the first

insulating layer 108 to provide for additional alignment structures for subsequent
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placement of an optical component as shown in FIGs. 2B-1 and 2B-2. Fig. 2B-2 being a
top view showing the design or arrangement of the X/Y axis stopper.

[0033] FIG. 2A is similar to FIG. 1A and shows an integrated asssembly 150
including a substrate 102 and an interconnect structure 104 disposed above the substrate
102. The substrate 102 includes a silicon-on-insulator structure. In particular, the
substrate 102 includes a support substrate 106, a first insulating layer 108 disposed above
the support substrate 106 and a semiconductor layer 110 disposed above the first
insulating layer 108. The interconnect structure 104 includes a metallization plane (not
shown) and second insulating layer (not shown). The integrated assembly further includes
a metallic pad 112 provided on the interconnect structure 104.

[0034] In one embédiment, the integrated assembly 150 may include an integrated
circuit provided on the semiconductor layer 110. Optical passive structures may also be
formed in the semiconductor layer 110. The optical passive structures include nano-
tapered structures. Alignment keys may also be included in the integrated assembly 150
for alignment between the substrate 102 fabricated in a front end process and the
interconnect structure 104 fabricated in a back end process.

[0035] In one embodiment, the interconnect structure 104 includes a stack layer of a
plurality of metallization planes and second insulating layers, which may be termed as a
multi-level metallization or dielectric stack.

[0036] In one embodiment, the support substrate 106 includes a material selected
from the group consiting of silicon, sapphire, polysilicon, silicon oxide and silicon
nitride. The first insulating layer 108 and second insulating laye; respectively include a

material selected from the group consisting of silicon oxide, a polymer and a dielectric
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material. The semiconductor layer 110 includes a material selected from the group
consisting of silicon, gallium arsenide and silicon-germanium. The metallization plane
includes Tungsten, Copper or Aluminum. The metallic pad 112 includes aluminium or
any other combinations of metals like UBM.

[0037] In one embodiment, the thickness of the support substrate 106 is in the range
of between about few hundred microns to full thickness of the substrate, depending on
the wafer diameter. The thickness of the first insulating layer 108 can vary from sub-
micron dimensions to several microns. The thickness of the semiconductor layer 110 is in
the range of between tens of nanometers to about .few microns. The thickness of the
interconnect structure 104 is in the range of between few microns to tens of microns.
[0038] FIG. 2B-1 and FIG. 2B is similar to FIG. 1B with the exception that four
dielectric cavities 116, 118, 158, 160 instead of two dielectric cavities 116, 118 are
formed in the interconnect structure 104, the; semiconductor layer 110 and the first
insulating layer 108 to expose four portions of the support substrate 106 by a suitable
lithography process. The formation of a third dielectric cavity 158 and a fourth dielectric
cavity 160 provide for two alignment structures (that is a first alignment structure 162, a
second alignment structure 164) for the subsequent placement of the optical component.
An example of the top view of the alignment patterns are illustrated in Figure 2B-2. The
process of forming the dielectric cavities are as per that illustrated previously in FIG. 1B.
[0039] In FIG. 2C, like in FIG. 1C, a trench 120 is formed at the bottom of a first
through hole 116 by a suitable lithography process. Another layer of photoresist (not
shown) is deposited on the interconnect structure 104 and a portion of the support

substrate 106. The photoresist layer is then patterned to form an opening thereby
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exposing a portion of the support substrate 106 at the bottom of the first through hole 116
by suitable lithography techniques. The portion of the support substrate 106 not covered
by the photoresist is being etched to form the trench 120 in the support substrate 106. The
trench 120 may be used for subsequent optical fiber or lens placement. After forming the
trench 120, the photoresist layer is removed or stripped away by a plasma resist strip and
a wet clean process. This proceés in FIG. 2C may be termed the fiber cavity or guide slot
lithography.
[0040] In this regard, any other suitable techniques or processes may also be used in
order to provide greater flexibility with respect to forming the trench 120 in the support
substrate 106. In oné embodiment, suitable lithography processes include deep ultra-
violet lithography, i-line lithography. Suitable etching process includes a deep reactive-
ion etching (D.RIE) process. The DRIE process is an anisotropic etch process used to
create deep, steep-sided holes and trenches in substrates.
[0041] In an embodiment, a thin layer of dielectric (not shown) such as silicon
nitride, silicon oxy-nitride, silicon oxide, silicon carbide in the range of about 50 to about
1000A is deposited by plasma enhance chemical vapor deposition (PECVD) to improve
the adhesion between a subsequently deposited under bump metallization (UBM) layer or
- UBM film stack with the underlying support substrate 106. The dielectric layer can be
deposited as a single layer or a combination of two or more layers. The dielectric layer
thus serves as an adhesion promoter between the support substrate and the deposited
UBM metal or UBM film stack. The UBM layer or UBM film stack is composed of an
adhesion layer like Titanium or Chromium, a solder diffusion barrier like Nickel or

Platinum and finally a solder wetting layer like Gold or Copper.
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[0042] In FIG. 2D, like in FIG. 1D, a dry resist film 122 is laminated over the
interconnect structure 104 using a dry-film laminator. A suitable pattern for UBM is
transferred onto the dry resist film 122 by a suitable lithbgraphy process. Essentially the
transfer of the pattern to the dry resist film 122 is performed by a selective exposure to a
radiation source, such as UV light. Then selective portions of the dry resist film 122 may
be removed by a suitable developer solution, giving rise to three patterns 124, 126, 128 in
the dry resiét film 122. The three patterns 124, 126, 128 formed in the dry resist film 122
include a first pattern 124 which exposes a portion on the metallic pad 112, a second
pattern 126 which exposes a portion of the interconnect structure 104 and a third pattern
128 which exposes a portion of the support substrate 106.

[0043] Next, a UBM layer or UBM film stack 129 is deposited over the dry resist
film 122 and into the respective patterns 124, 126, 128 formed in the dry resist film 122
using an e-beam evaporator or sputtering system. The UBM layer portion 130 deposited
on the metallic pad 112 may serve for a subsequent die attachment and wire-bonding, the
UBM layer portion 132 deposited on the portion of the interconnect structure 104 may
serve for a subsequent placement of a seal ring and the UBM layer portion 134 deposited
on the portion of the support substrate 106 may serve for a subsequent placement of a
laser diode. In one embodiment, the UBM film stack 129 is composed of a combination
of 0.025 to 0.3 pm Titanium (Ti) , 0.025 to 0.3 um Platinum (Pt) , 0.5 to 2 um Gold (Au)
multi-layer metal stack. The UBM film stack 129 can also be composed of other multi-
layered metal stacks like for example 0.025 to 0.3 pm Chromium (Cr)/0.5-2 um Gold

(Au) and 0.025 to 0.3 um Titanium (T1)/0.025-0.3 pm Nickel (N1)/0.5-2 um Gold (Au).
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[0044] In FIG. 2E, like in FIG. 1E, the dry resist film 122 and any unwanted UBM
layer or UBM film stack 129 are removed by a suitable process, for example, a lift-off
process. The processes in FIG. 2D and FIG. 2E may be termed as dry film lithography
process for lift-off metallization of UBM metal stack for a die attachment and wire-
bonding, a seal ring, a laser diode. The process may also be termed as a contact or
proximity alignment or projection lithography.

[0045] In FIG. 2F, like in FIG. IF, another dry resist film 136 is laminated over the
interconnect structure 104 using a dry-film laminator. A suitable flow-stop pattern is
transferred onto the dry resist film 136 by a suitable lithography process. Essentially the
transfer of the pattern to the dry resist film 136 is performed by a selective exposure to a
radiation source, such as UV light. Then selective portions of the dry resist film 136 may
be removed by a suitable developer solution, giving rise to two through holes 138 in the
dry resist film 136. The two patterns 138 formed in the dry resist film 136 respectively
expose two corresponding portions on the UBM layer portion 134 previously deposited
on the portion of the support substrate 106.

[0046] Next, a flow-stop layer 140 is deposited over the dry resist film 136 and
through the two patterns 138, onto the UBM layer portion134 on the support substrate
106 using an e-beam evaporator or sputtering system. This provides for two flow-stop
layer portions 141 positioned adjacent to each other on the UBM layer portion 134. In
one embodiment, the material for the flow-stop layer 140 and the flow-stop layer portions
is a material which does not react with a conductive material (for example solder) to be
subsequently deposited in between the flow-stop layer portions 141. Some examples

include metals such as Aluminium (Al), Nickel (Ni) and Platinum (Pt) and non-metals
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such as dielectric or polymer. In one embodiment, the thickness of the flow-stop layer
140 is in the range of between about 0.5 um to a few pm.

[0047] In FIG. 2G, like in FIG. 1G, the dry resist film 136 and any unwanted flow-
stop layer 140 are removed by a suitable process, for example, a lift-off process. The
processes in FIG. 2F and FIG. 2G may be termed as dry film litﬁography process for lift-
off metallization of flow-stop pattern. The process may also be termed as a contact or
proximity alignment or projection lithography.

[0048] In FIG. 2H, like in FIG. 1H, a further dry resist film 142 is again laminated
over the interconnect structure 104 using a dry-film laminator. A suitable pattern for a
conductive layer deposition is transferred onto the dry resist film 142 by a suitable
lithography process. Essentially the transfer of the pattern to the dry resist film 142 is
performed by a selective exposure to a radiation source, such as UV light. Then selective
portions of the dry resist film 142 may be removed by a suitable developer solution,
giving rise to two patterns 144, 146 in the dry resist film 142. The two patterns 144, 146
includes a first pattern 144 which exposes the UBM layer portion 130 previously
deposited on the metallic pad 112 and a second pattern 146 which exposes a combination
of the UBM layer portion 134 previously deposited on the support substrate 106 and the
flow-stop layer portions 141 deposited on the UBM layer portion 134.

[0049] Next, ‘a conductive layer is deposited in an e-beam evaporator or sputtering
system over the dry resist film 142 and through the two patterns 144, 146, thereby giving
rise to a first conductive layer portion 148 onto the UBM layer portion 130 on the
metallic pad 112 and a second conductive layer portion 149 on the UBM layer portion

134 on the support substrate 106, between the two flow-stop layer portions 141. The two
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flow-stop layer portions 141 may serve as a boundary for the second conductive layer
portion 149 and helps to prevent the second conductive layer portion 149 from flowing
out of a designated area. The first conductive layer portion 148 and the second
conductive layer portion 149 may be a solder layer.

[0050] In FIG. 2I, like in FIG. 1I, the dry resist film 142 and any unwanted
conductive layer are removed by a suitable pr-ocess, for example, a lift-off process. The
processes in FIG. 2H and FIG. 2I may be termed as dry film lithography process to
deposit a conductive layer for die attachment and electrical interconnection. The process
may also be termed as a contact or proximity alignment or projection lithography.

[0051] FIG. 2], like in FIG. 1J, shows an integrated assembly 150 including the
integrated circuit and optical components such as an optical fiber 152 and a laser diode
or a photodiode 154 on the same side of the substrate 102. In FIG. 2J, an electrical pad or
UBM layer portion 156 is deposited on the laser diode or photodiode 154, the electrical
pad 156 in contact with the flow-stop layer portions 141 and the second conductive layer
portion 149 in between the flow-stop layer portions 141. The electrical pads 156 are
typically made of gold or capped with a layef of gold. The optical components such as
the optical fiber 152 and the laser diode or a photodiode 154 are arranged into the
respective dielectric cavities 116, 118 previously formed through the interconnect
structure 104, the semiconductor layer 110 and the first insulating layer 108 in FIG. 2B.
The optical fiber 152 is arranged in the first area of the support substrate 106 exposed by
a first dielectric cavity 116 and the trench 120 and the laser diode or a photo diode 154 is
arranged in the second area of the support substrate 106 exposed by a second dielectric

cavity 118, the laser diode or the photo diode 154 in electrical contact with the electrical
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pad 156 in contact with the second conductive layer portion 149 and flow-stop layer
portions 141 formed in FIG. 2G and FIG. 21 respectively. The combination of the UBM
layer portion 134 deposited on the support substrate 106, the flow-stop layer portions
141, the second conductive layer portion 149 in between the flow-stop layer portions 141
and the further electrical pad 156 provides for a third alignment structure 166 for the
subsequent placement of the laser diode or photo diode 154. Therefore the first 162 and
second 164 alignment structure 'may be termed as X-/ Y-axis stoppers and the third
alignment structure 166 may be termed a Z-axis stopper as illustrated in Fig-2B-2.

[0052] FIGS. 3A to 3K shows a method of manufacturing an integrated assembly
according to one embodiment of the present invention. The method as shown in FIGS.
3A to 3K is similar to the method as shown in FIGS. 1A to FIG. 1J with the difference in
that the formation of the trench 120 in FIG. 1C has been moved to a step after the
deposition of the conductive layer.

[0053] FIG. 3A shows an integrated asssembly 150 including a substrate 102 and an
interconnect structure 104 disposed above the substrate 102. The substrate 102 includes a
silicon-on-insulator structure. In particular, the substrate 102 includes a support substrate
106, a first insulating layer 108 disposed above the support substrate 106 and a
semiconductor layer 110 disposed above the first insulating layer 108. The interconnect
structure 104 includes a metallization plane (not shown) and second insulating layer (not
shown). The integrated assembly 150 further includes a metallic pad 112 provided on the
interconnect structure 104.

[0054] In one embodiment, the integrated assembly 150 may include an integrated

circuit provided on the semiconductor layer 110. Optical passive structures may also be

21



WO 2010/044746 PCT/SG2008/000398

formed in the semiconductor layer 110. The optical passive structures include nano-
tapered structures. Alignment keys may also be included in the integrated assembly for
alignment between the substrate 102 fabricated in a front end process and the
interconnect structure 104 fabricated in a back end process.

[0055] In one embodiment, the interconnect structure 104 includes a stack layer of a
plurality of metallization planes and second insulating layers, which may be termed as a
multi-level metallization or dielectric stack.

[0056] In one embodiment, the support substrate 106 includes a material selected
from the group consisting of silicon, sapphire, polysilicon, silicon oxide and silicon
nitride. The first insulating layer 108 and second insulating layer respectively include a
material selected from the group consisting of silicon oxide, a poiymer and a dielectric
material. The semiconductor layer 110 includes a material selected from the group
consisting of silicon, gallium arsenide and silicon-germanium. The metallization plane
includes Copper, Aluminum and Tungsten. The metallic pad 112 includes aluminium or
any other combinations of metals like UBM.

[0057] In one embodiment, the thickness of the support substrate 106 is in the range
of between about few hundred microns to full thickness of the substrate, depending on
the wafer diameter. The thickness of the first insulating layer 108 can vary from sub-
micron dimensions to several microns. The thickness of the semiconductor layer 110 is in
the. range of between tens of nanometers to about few microns. The thickness of the
interconnect structure 104 is in the range of between few microns to tens of microns
[0058] In FIG. 3B, two dielectric cavities 116, 118 are formed in the interconnect

_ structure 104, the semiconductor layer 110 and the first insulating layer 108 to expose
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two portions of the support substrate 106 by a suitable lithography process. First, a layer
of photoresist 114 is deposited on the interconnect structure 104. The photoresist layer
114 is then patterned to form two openings or contact windows to expose two portions of
the suppoﬁ substrate 106 by suitable lithography techniques. Portions of the intercoﬁnect
structure 104, semiconductor layer 110 and the first insulating layer 108 not covered by
the photoresist 114 are being etched to form two dielectric cavities 116, 118 to expose
two portions of the support substrate 106. A first area of the support substrate 106
exposed by a first dielectric cavity 116 may be termed a reference contact window and a
second area exposed by a second dielectric cavity 118 may be termed a laser diode area.
After forming the two dielectric cavities 116, 118, the photoresist layer 114 is removed or
stripped away by a plasma resist strip and a wet clean process. This process in FIG. 3B
may be termed a contact window lithography.

[0059] In this regard, any other suitable techniques or processes may also be used in
order to provide greater flexibility with respect to forming the dielectric cavities 116,
118. In one embodiment, suitable lithography processes include deep ultra-violet
lithography, i-line lithography or broadband UV lithography by using conventionally
coated positive or negative photoresist, laminated dry resist film, Spray coated resist and
electroplated photoresist. Suitable etching process includes wet chemical etching and dry
etching processes for example a deep reactive-ion etching (DRIE), Plasma Etching (PE)
and Reactive Ion Etch ( RIE) process.

[0060] In an embodiment, a thin layer of dielectric (not shown) such as silicon
nitride, silicon oxy-nitride, silicon oxide, silicon carbide in the range of about S0A to

about 1000A is deposited globally by plasma enhance chemical vapor deposition
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(PECVD) after forming of the trench 120 to improve the adhesion of a subsequently
deposifed under bump metallization (UBM) layer or UBM film stack with the underlying
support substrate 106. The dielectric layer can be deposited as a single layer or a
combination of two or more layers. The dielectric layer thus serves as an adhesion
promoter between the support substrate and the deposited UBM metal or UBM film
stack. The UBM layer or UBM film stack is composed of an adhesion layer like Titanium
or Chromium, a solder diffusion barrier like Nickel or Platinum and finally a sélder
wetting layer like Gold or Copper.

[0061] In FIG. 3C, a dry resist film 122 is laminated over the interconnect structure
104 using a dry-film laminator. A suitable pattern for UBM is transferred onto the dry
resist film 122 by a suitable lithography process. Essentially the transfer of the pattern to
the dry resist film 122 is performed by a selective exposure to a radiation source, such as
UV light. Then selective portions of the dry resist film 122 may be removed by a suitable
developer solution, giving rise to three patterns 124, 126, 128 in the dry resist film 122.
The three patterns 124, 126, 128 formed in the dry resist film 122 include a first pattern
124 which exposes a portion on the metallic pad 112, a second pattern 126 which exposes
a portion of the interconnect structure 104 and a third pattern 128 which exposes a
portion of the support substrate 106.

[0062] Next, a UBM layer or UBM film stack 129 is evaporated over the dry resist
film 122 and into the respective patterns 124, 126, 128 formed in the dry resist film 122
using an e-beam evaporator or sputtering system. The UBM layer portion 130 deposited
on the metallic pad 112 may serve for a subsequent die attachment and wire-bonding, the

UBM layer portion 132 deposited on the portion of the interconnect structure 104 may
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serve for a subsequent placement of a seal ring and the UBM layer portion 134 deposited
on the portion of the support substrate 106 may serve for a subsequent placement of a
laser diode. In one embodiment, the UBM stack 129 is composed of a combination of
0.025 to 0.3 pm Titanium (Ti) , 0.025-0.3 pm Platinum (Pt) , 0.5-2 pm Gold (Au) multi-
layer metal stack. The UBM can also be composed of other multi-layered metal stacks
like for example: 0.025 to 0.3 pm Chromium (Cr)/0.5-2 um Gold (Au) and 0.025 to 0.3
pum Titanium (Ti)/0.025-0.3 pm Nickel (Ni)/0.5-2 um Gold (Au).

[0063] In FIG. 3D, the dry resist film 122 and any unwanted UBM layer or UBM
stack 129 are removed by a suitable process, for example, a lift-off process. The
processes in FIG. 3C and FIG. 3D may be termed as dry film lithography process for lift-
off metallization of UBM metal stack for a die attachment and wire-bonding, a seal ring,
a laser diode. The process may also be termed as a contact or proximity alignment or
projection lithography.

[0064] In FIG. 3E, another dry resist film 136 is laminated over the interconnect
structure 104 using a dry-film laminator. A suitable flow-stop pattern is transferred onto
the dry resist film 136 by a suitable lithography process. Essentially the transfer of the
pattern to the dry resist ﬁlfn 136 is performed by a selective exposure to a radiation
source, such as light. Then selective portions of the dry resist film 136 may be etched
away by a suitable developer solution, giving rise to two exposed patterns 138 in the dry
resist film. The two exposed patterns 138 formed in the dry resist film 136 respectively
expose two corresponding portions on the UBM layer portion 134 deposited on the

portion of the support substrate 106.
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[0065] Next, a flow-stop layer 140 is evaporated over the dry resist film 136 and
through the two exposed patterns 138, onto the UBM layer portion 134 on the support
substrate 106 using an e-beam evaporator. This provides for two flow-stop layer portions
141 positioned adjacent to each other on the UBM layer portion 134. In one embodiment,
the material for the flow-stop layer 140 and the flow-stop layer portions 141 is a material
which does not react with a conductive material (for example solder) to be subsequently
deposited in between the flow-stop layer portions 141. Some examples include metals
such as Aluminium (Al), Nickel (Ni) and Platinum (Pt) and non-metals such as dielectric
or polymer. In one embodiment, the thickness of the flow-stop layer 140 is in the range of
between about 0.5 um to a few um.

[0066] In FIG. 3F, the dry resist film 136 and any unwanted flow-stop layer 140 are
removed by a suitable process, for example, a lift-off process. The processes in FIG. 3E
and FIG. 3F may be termed as dry film lithography process for lift-off metallization of
flow-stop pattern. The process may also be termed as a contact or proximity alignment or
projection lithography.

[0067] In FIG. 3G, a further dry resist film 142 is again laminated over the
interconnect structure 104 using a dry-film laminator. A suitable pattern for a conductive
layer deposition is transferred onto the dry resist film 142 by a suitable lithography
process. Essentially the transfer of the pattern to the dry resist film 142 is performed by a
selective exposure to a radiation source, such as light. Then selective portions of the dry
resist film 142 may be etched away by a suitable developer solution, giving rise to two
patterns 144, 146 in the dry resist film 142. The two patterns 144, 146 include a first

pattern 144 which exposes the UBM layer portion 130 previously deposited on the
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metallic pad 112 and a second pattern 146 which exposes a combination of the UBM
layer portion 134 previously deposited on the support substrate 106 and the flow-stop
layer portions 141 deposited on the UBM layer portion 134.

[0068] Next, a conductive layer is evaporated over the dry resist film 142 and through
the two patterns 144, 146, thereby giving rise to a first conductive layer portion 148 onto
the UBM layer portion 130 on the metallic pad 112 and a second conductive layer portion
149 on the UBM layer portion 134 on the support substrate 106, between the two flow-
stop layer portions 141 using an e-beam evaporator. The two flow-stop layer portions 141
may serve as a boundary for the second conductive layer portion 149 and helps to prevent
the second conductive layer portion 149 from flowing out of a designated area. The first
conductive layer 148 portion and the second conductive layer 149 portion may be a
. soldér layer.

[0069] In FIG. 3H, the dry resist film 142 and any unwanted conductive layer are
removed by a suitable process, for example, a lift-off process. The processes in FIG. 3G
and FIG. 3H may be termed as dry film lithography process to deposit solder for die
attachﬁent and electrical interconnection. The process may also be termed as a contact or
proximity alignment or projection lithography.

[0070] In FIG. 3], a trench 120 is formed at the bottom of a first dielectric cavity 116
by a suitable lithography process. Another layer of photoresist 115 is deposited on the
interconnect structure 104. The photoresist layer 115 is then patterned to form an opening
117 thereby exposing a portion of the support substrate 106 at the bottom of the first
through hole 116 by suitable lithography techniques. The portion of the support substrate

106 not covered by the photoresist 115 is being etched to form the trench 120 in the
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support substrate 106. The trench 120 may be used for subsequent optical fiber or lens
placement.

[0071] In FIG. 3], the photoresist layer 115 is removed or stripped away by a plasma
resist strip and a wet clean process after forming the trench 120. This process in FIG. 31
and FIG. 3] may be termed the fiber cavity or guide slot lithography.

[0072] This embodiment allows the fiber cavity or guide slot patterns to be over-
lapped with the dielectric cavity patterns so that the fiber cavity patterns gets self-aligned
with the overlapping edge of the dielectric cavity. This is possible due to very high etch
selectivity to photoresist and dielectric material during the fiber cavity etching process.
[0073] In this regard, any other suitable techniques or processes may also be used in
order to provide greater flexibility with respect to forming the trench 120 in the support
substrate 106. In one embodiment, suitable lithography processes include deep ultra-
violet lithography, i-line lithography or broadband UV lithography by using
conventionally coated positive or negative photoresist, laminated dry resist film, Spray
coated resist or electroplated photoresist. Suitable etching process includes a deep
reactive-ion etching (DRIE) process. The DRIE process is an anisotropic etch process
used to create deep, steep-sided holes and trenches in substrates.

[0074] FIG. 3K shows an integrated assembly 150 including the integrated circuit and
optical components such as an optical ﬁber 152 and a laser diode or a photodiode 154 on
the same side of the substrate 102. In FIG. 3K, an electrical pad or UBM layer portion
156 is deposited on laser diode or photodiode 154, the electrical pad 156 in contact with
the flow-stop layer portions 141 and the second conductive layer 149 in between the

flow-stop layer portions 141. The electrical pads 156 are typically made of gold or
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capped with a layer of gold. The optical components such as the optical fiber 152 and the
laser diode or photodiode 154 are arranged into the respective dielectric cavities 116, 118
previously formed through the interconnect structure 104, the semiconductor layer 110
and the first insulating layer 108 in FIG. 3B. The optical fiber 152 is arranged in the first
area of the support substrate 106 exposed by a first dielectric cavity 116 and the trench
120 and the laser diode or a photo diode 154 is arranged in the second area of the support
substrate 106 exposed by a second dielectric cavity 118, the laser diode or the photo
diode 154 in electrical contact with the electrical pad 156 in contact with the second
conductive layer portion 149 and flow-stop layer portions 141 formed in FIG. 3F and
FIG. 3H respectively.

[0075] A portion of the interconnect structure 104, the semiconductor layer 110 and
the first insulating layer 108 serves as a first alignment structure 162 for the subsequent
placement of the laser diode or photo diode 154. A further portion of the interconnect
structure 104, the semiconductor layer 110 and the first insulating layer 108 seWes as a
second alignment structure 164 for the subsequent placement of the laser diode or photo
diode 154. The combination of the UBM layer portion 134 deposited on the support
substrate 106, the flow-stop layer portions 141, the second conductive layer portion 149
in between the flow-stop layer portions 141 and the electrical pad 156 provides for a third
alignment structure 166 for the subsequent placement of the laser diode or photo diode
154. The first 162 and second 164 alignment structures may be termed as X/ Y-axis
stoppers and the third alignment structure 166 may be termed a Z-axis stopper.

[0076] FIG. 4 shows a flowchart of a method of manufacturing an integrated

assembly corresponding to FIGS. 1A to 1J and FIGS. 2A to 2J according to one

29



WO 2010/044746 PCT/SG2008/000398

embodiment of the present invention. The method starts in step 402 with a starting
substrate 102 and an interconnect structure 104 disposed above the substrate 102. The
substrate 102 includes a support substrate 106, a first insulating layer 108 disposed above
the support substrate 106 and a semiconductor layer 110 disposed above the first
insulating layer 108. Next in step 404, dielectric cavities 116, 118 are formed in the
interconnect structure 104, the semiconductor layer 110 and the first insulating layer 108
by suitable lithography and etching processes. In step 406, a trench 120 is formed in the
support substrate 106 to accomodate a subsequent placement of an optical component
152 by suitable lithography and etching processes. In step 407, a dielectric layer is
deposited to improve the adhesion of subsequent deposited UBM layer with any surface
in contact therewith. In step 408, a dry resist film 122 is laminated over the interconnect
structure 104. A pattern for UBM metallization is transferred onto the dry resist film 122
and the dry resist film 122 is exposed and developed. Then an UBM layer or film stack
129 is deposited. In step 410, the dry resist film 122 and any unwanted UBM layer 129
are removed. In step 412, another dry resist film 136 is laminated over the interconnect
structure 104. A pattern for flow-stop or solder-stop metallization is transferred onto the
dry resist film 136 and the dry resist film 136 is exposed and developed. Then a flow-stop
layer 140 is deposited. In step 414, the dry resist film 136 and any unwanted flow-stop
layer 140 other than the flow-stop layer portions 141 as deposited on the UBM layer 134
is removed. In step 416, a further dry resist film 142 is laminated over the interconnect
structure 104. A pattern for a conductive layer deposition is transferred onto the dry resist
film 142 and the dry resist film 142 is exposed and developed. Then a conductive layer is

deposited. In step 418, the dry resist film 142 and any unwanted conductive layer are
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removed. Finally in step 420, self-aligned optical components 152, 154 are being
attached. This flow may also be described as a DRIE first approach process as the deep
silicon cavity is formed before the metallization processes.

[0077] FIG. 5 shows a flowchart of a method of manufacturing an integrated
assembly corresponding to FIGS. 3A to 3K according to one embodiment of the present
invention. The method starts in step 502 with a starting substrate 102 and an interconnect
structure 104 disposed above the substrate 102. The substrate 102 includes a support
substrate 106, a first insulating layer 108 disposed above the support substrate 106 and a
semiconductor layer 110 disposed above the first insulating layer 108. Next in step 504,
dielectric cavities 116, 118 are formed in the interconnect structure 104, the
semiconductor layer 110 and the first insulating layer 108 by suitable lithography and
etching processes. In step 505, a dielectric layer is deposited to improve the adhesion of a
subsequent deposited UBM layer with any surface in contact therewith.. In step 506, a
dry resist film 122 is larﬂinatéd over the interconnect structure 104. A pattern for UBM
metallization is transferred onto the dry resist film 122 and the dry resist film 122 is
exposed and developed. Alternatively, Spin-coat or Spray-coat or Electroplate platable
photo resist may also be coated, exposed and developed for deposition of the UBM layer
or UBM film stack 129.

[0078] In step 508, the dry resist film 122 and any unwanted UBM layer 129 are
removed. In step 510, another dry resist film 136 is laminated over the interconnect
structure 104. A pattern for flow-stop or solder-stop metallization is transferred onto the
dry resist film 136 and the dry resist film 136 is exposed and developed. Alternatively,

Spin-coat or Spray-coat or Electroplate platable photo resist may also be coated, exposed
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and developed for deposition of the solder flow-stop layer 140. In step 512, the dry resist
film 136 and any unwanted flow-stop layer 140 other than the flow-stop layer portions
141 as deposited on the UBM layer 134 is removed. In step 514, a further dry resist film
142 is laminated over the interconnect structure 104. A pattern for a conductive layer
deposition is transferred onto the dry resist film 142 and the dry resist film 142 is exposed
and developed. Alternatively, Spin-coat or Spray-coat or electroplate platable photo resist
may also be coated, exposed and developed for deposition of the conductive metal or
solder.

[0079] In step 516, the dry resist film 142 and any unwanted conductive layer are
removed. In step 518, a trench 120 is formed in the support substrate 106 to accomodate a
subsequent placement of an optical component 152 by suitable lithography and etching
processes. In step 520, the photoresist layer 114 is removed. Finally in step 522, self-
aligned optical components 152, 154 are being attached. This flow may also be described
as a DRIE last approach process.

[0080] FIG. 6 shows a top-view of an integrated assembly according to one
embodiment of the present invention. The integrated assembly 150 includes a first
dielectric cavity 116 formed through the interconnect structure 104, a trench 120 etched
inside the support substrate 106, a second dielectric cavity 118 formed through the
interconnect structure 104, an optical signal processing unit 168 and silicon waveguide
170 with tapered ends. The first dielectric cavity 116 and the trench 120 is configured to
accommodate an optical fiber 152 and the second dielectric cavity 118 is configured to

accommodate laser diode or photo diode 154. The optical signal processing unit 168 may
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include a modulator and optical passive elements. The integrated assembly 150 as shown
in FIG. 1], FIG. 2J and FIG. 3K is a cross-sectional view along line A-A

[0081] In the following description, further aspects of embodiments of the present
invention will be explained.

[0082] According to one embodiment of the present invention, an optical sub-
assembly fabrication technology which integrates front-end semiconductor devices,
complementray metal-oxide semiconductor (CMOS) compatible electro-optic modulator
devices with optical components on a common siliconAplatform. The silicon platform
which may also be called an integréted optical sub-assembly, also provides for very
precise alignment of front-end CMOS devices and optical passives structures with the
optical assembly structures and devices like lens, fiber and active devices like laser diode,
photo-detector for example. The entire process of fabricating the integrated optical sub-
assembly platform is a wafer level and production worthy process.

[0083] According to one embodiment of the present invention, a method of
fabricating an integrated optical sub-assembly platform has been provided which
provides for very precise alignment accuracies by leveraging semiconductor wafer fab
processes. The non-standard metallization involving UBM and solder is integrated as
back-end processes outside CMOS wafer fab in assembly or MEMS foundry.

[0084] According to one embodiment of the present invention, the method further
incorporates certain special mechanical alignment structures which help in precisely
positioning the laser diodes with respect to fiber, lens_ and other optical components.
[0085] According to one embodiment of the present invention, an optical sub-

assembly fabrication technology has been provided which is divided into CMOS
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compatible and wafer fab compatible front-end process and MEMS foundry compatible
back-end process.

[0086] According to one embodiment of the present invention, a method of
integrating preprocessed CMOS device structures with MEMS and optical components is
provided.

[0087] According to one embodiment of the present invention, a method for realizing
deep dielectric cavities with precise alignment with front-end device structures like
transistors, optical detectors, nanotapered waveguides and modulator structures is
provided.

[0088] According to one embodiment of the present invention, a method of forming
deep silicon cavities inside the deep dielectric cavities which can be used for assembling
MEMS and Optical componenté like fibers, optical and MEMS devices with precise
alignment with front-end CMOS device structures is provided.

[0089] According to one embodiment of the present invention, a method of forming a
wide range of metallization structures for optical, MEMS and electrical components
assembly with high degree of alignment accuracy by using dry resist film based lift-off
processing is provided.

[0090] According to one embodiment of the present invention, a method of using
disparate metallization patterns over each other to serve as mechaniéal alignment
structures, solder stop structures and electrical interconnect structures is provided.

[0091] According to one embodiment of the present invention, the substrate includes

a silicon-on-insulator.
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[0092] According to one embodilﬁent of the present invention, the substrate includes
a support substrate; a first insulating layer disposed above the support substrate; and a
semiconductor layer disposed above the first insulating layer.

[0093] According to one embodiment of the present invention, the support substrate
includes a material selected from the group consisting of silicon, sapphire, polysilicon,
silicon oxide and silicon nitride.

[0094] According to one embodiment of the present invention, the first insulating
layer includes a material selected from the group consisting of silicon oxide, a polymer
and a dielectric material.

[0095] According to one embodiment of the present invention, the semiconductor
layer includes a material selected from the group consisting of silicon, gallium arsenide
and silicon-germanium.

[0096] According to one embodiment of the present invention, the integrated circuit
is provided on the semiconductor layer.

[0097] According to one embodiment of the present invention, the integrated
assembly further includes a metallic pad provided on the interconnect structure.

[0098] According to one embodiment of the present invention, the integrated
assembly further includes a first metallic layer provided on the metallic pad.

[0099] According to one embodiment of the present invention, the integrated
assembly further includes a first conductive layer provided on the first metallic layer.
[00100] According to one embodiment of the present invention, the first metallic layer

is an under-bump metallization layer.
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[00101] According to one embodiment of the present invention, the first conductive
layer is solder.

[00102] According to one embodiment of the present invention, the integrated
assembly further includes a second metallic layer provided on the interconnect structure.
[00103] According to one embodiment of the present invention, the second metallic
layer is an under-bump metallization layer.

[00104] According to one embodiment of the present inventioﬁ, the integrated
assembly further includes a second dielectric cavity formed through the interconnect
structure to accommodate a second optical component.

[00105] According to one embodiment of the present invention, the integrated
assembly further includes a third metallic layer provided on the support substrate, within
the second dielectric cavity.

[00106] According to one embodiment of the present invention, a thin layer of
dielectric such as silicon nitride, silicon oxy-nitride, silicon oxide, silicon carbide is
deposited by plasma enhance chemical vapor deposition to improve the adhesion of UBM
metal and the deposited dielectric film with the underlying support substrate. The
dielectric can be deposited as a single layer or a combination of two or more layers. The
dielectric layer thus serves as an adhesion promoter between the support substrate and the
third metallic layer over the support substrate.

[00107] According to one embodiment of the present invention, the integrated
assembly further includes two flow-stop layer portions provided on the third metallic

layer.
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[00108] According to one embodiment of the present invention, the integrated
assembly further includes a second conductive layer provided on the third metallic layer,
within the two flow-stop layer portions.

[00109] According to one embodiment of the present invention, the integrated
assembly further includes a fourth metallic layer provided on the second optical
component for assembling on the second conductive layer between the two flow-stop
layer portions. |

[00110] According to one embodiment of the present invention, the fourth metallic
layer in the second optical component is arranged in electrical contact with the second
conductive layer.

[00111] According to one embodiment of the present invention, the third metallic layer
is an under-bump metallization layer.

[00112] According to one embodiment of the present invention, each of the two flow-
stop layer portions includes a material configured to stop the flow of the second
conductive layer.

[00113] According to one embodiment of the present invention, the second conductive
layer is solder.

[00114] According to one embodiment of the present invention, the fourth metallic
layer is an under-bump metallization layer.

[00115] According to one embodiment of the present invention, the first optical
component is an optical fiber or lens.

[00116] According to one embodiment of the present invention, the second optical

component is a light emitting source, a detector, a laser diode or a photodector.
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[00117] According to one embodiment of the present invention, the integrated
assembly further includes a trench formed in the support substrate to accommodate the
first optical component.

[00118] According to one embodiment of the present invention, the trench is formed at
the bottom of the first dielectric cavity.

[00119] According to one embodiment of the present invention, the integrated
assembly further includes a first alignment structure disposed above the support substrate.
[00120] According to one embodiment of the present invention, the first alignment
structure, also known as an X-Y alignment structure, is formed in the interconnect
structure.

[00121] According to one embodiment of the present invention, the integrated
assembly further includes a second alignment structure disposed above the support
substrate.

[00122]  According to one embodiment of the present invention, the second alignment
structure, also known as an X-Y alignment structure, is formed in the interconnect
structure.

[00123] According to one embodiment of the present invention, the third metallic
layer, the fourth metallic layer, the two flow-stop layer portions and the second
conductive layer forms a third alignment structure also known as Z-axis alignment.
[00124] According to one embodiment of the present invention, the second optical
component is provided within the first alignment structure, the second alignment

structure and the third lignment structure.

38



WO 2010/044746 PCT/SG2008/000398

[00125] According to one embodiment of the present invention, the interconnect
structure further comprises a second insulating layer.

[00126] According to one embodiment of the present invention, the second insulating
layer comprises a material selected from the group consisting of silicon oxide, a polymer
and a dielectric material.

[00127]  According to one embodiment of the present invention, forming the .inte‘grated
circuit on the substrate includes forming the integrated circuit on the semiconductor
layer.

[00128] According to éne embddiment of the present invention, the method further
includes forming a metallic pad on the interconnect structure.

[00129] According to one embodiment of the present invention, the method further
includes forming a first metallic layer on the metallic pad.

[00130] According to one embodiment of the present invention, the method further
includes forming a first conductive layer on the first metallic layer.

[00131] According to one embodiment of the present invention, the method further
includes forming a second metallic layer on the interconnect structure.

[00132] According to one embodiment of the present invention, the method further
includes forming a second dielectric cavity through the interconnect structure to
accommodate a second optical component.

[00133] According to one embodiment of the present invention, the method further
includes forming a third metallic layer on the support substrate, within the second

dielectric cavity.
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[00134] According to one embodiment of the present invention, a thin layer of
dielectric such as silicon nitride, silicon oxy;nitride, silicon oxide, silicon cafbide is
deposited by plasma enhance chemical vapor deposition to improve the adhesion of UBM
metal and the deposited dielectric film with the underlying support substrate. The
dielectric can be deposited as a single layer or a combination of two or more layers. The
dielectric layer thus serves as an adhesion promoter between the support substrate and the
third metallic layer over the support substrate.

[00135] According to one embodiment of the present invention, the method further
includes forming two flow-stop layer portions on the third metallic layer.

[00136] According to one embodiment of the present invention, the method further
includes forming a second conductive layer on the third metallic layer, within the two .
flow stop layer portions.

[00137] According to one embodiment of the present invention, the method further
includes forming a fourth metallic layer provided on the second optical component for
assembling on the second conductive layer between the two flow-stop layer portions.
[00138] According to one embodiment of the present invention, the method further
includes arranging the second optical component in electrical contact with the second
conductive layer.

[00139] According to one embodiment of the present invention, the method further
includes forming a trench in the support substrate to accommodate the first optical

component.
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[00140] According to one embodiment of the present invention, forming the trench in
the support substrate comprises forming the trench such that the trench is formed at the
bottom of the first dielectric cavity.

[00141] According to one embodiment of the present invention, the method further
includes forming a first alignment structure on or above the support substrate.

[00142] According to one embodiment of the present invention, forming the first
alignment structure comprises forming the first alignment structure is formed in the
interconnect structure.

[00143] According to one embodiment of the present invention, the method further
includes forming a second alignment structure on or above the support substrate.

[00144] According to one embodiment of the present invention, forming the second
alignment structure comprises forming the second alignment structure such that the
second alignment structure is formed in the interconnect structure.

[00145] According to one embodiment of the present invention, forming the third
metallic layer, the fourth metallic layer, the two flow-stop layer portions and the second
conductive layer portion comprises forming the third metallic layer, the fourth metallic
layer, the two flow-stop layer portions and the second conductive layer portion so as to
form a third alignment structure.

[00146] According to one embodiment of the present invention, the method further
includes providing the second optical component within the first alignment structure and

the second alignment structure.

41



WO 2010/044746 PCT/SG2008/000398

[00147] According to one embodiment of the present invention, forming the first
metallic layer, the second metallic layer and the third metallic layer is performed in a
common process.

[00148] According to one embodiment of the present iﬁvention, a thin layer of silicon
nitride is deposited on silicon substrate to improve the adhesion of third metallic layer
over the silicon substrate.

[00149] According to one embodiment of the present invention, the trench is formed at
the bottom of the ﬁ‘rst dielectric cavity after formation of the first and second conductive
layers.

[00150] According to one embodiment of the present invention the trench pattern is
over-lapped with the dielectric cavity pattern so that the edge of the trench can be self-
aligned with the edge of the dielectric cavity.

[00151] While the inventién has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is

thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.

42



WO 2010/044746 PCT/SG2008/000398

Claims

What is claimed is:

1. An integrated assembly comprising :

a substrate with an integrated circuit;

an interconnect structure disposed above the substrate, wherein the interconnect

structure comprises a metallization plane;

a first dielectric cavity is formed through the interconnect structure and at least a part

of the substrate to accommodate a first optical component;

wherein the integrated circuit and the first optical component are provided on the

same side of the substrate.

2. The integrated assembly according to claim 1, wherein the substrate comprises a
silicon-on-insulator.

3. The integrated assembly according to claim 1 or 2, wherein the substrate includes

a support substrate;
a first insulating layer disposed above the support substrate; and
a semiconductor layer disposed above the ﬁ.rst insulating ‘layer.

4. The integrated assembly according to claim 3, wherein the support substrate
comprises a material selected from the group consisting of silicon, sapphire,
polysilicon, silicon oxide and silicon nitride.

5. The integrated assembly according to claim 3 or 4, wherein the first insulating
layer comprises a material selected from the group consisting of silicon oxide,

a polymer and a dielectric material.
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10.

11.

12.

13.

14.

15.

The integrated assembly according to any one of claims 3 to 5, wherein the
semiconductor layer comprises a material selected from the group consisting
of silicon, gallium arsenide and silicon-germanium.

The integrated assembly according to any one of claims 3 to 6, wherein the
integrated circuit is provided on the semiconductor layer.

The integrated assembly according to any one of claims 1 to 7, further comprising
a metallic pad provided on the interconnect structure.

The integrated assembly according to claim 8, further comprising a first metallic
layer provided on the metallic pad.

The integrated assembly according to claim 9, further comprising a first
conductive layer portion provided on the first metallic layer.

The integrated assembly according to claim 9 or 10, wherein the first metallic
layer is an under-bump metallization layer.

The integrated assembly according to claim 10 or 11, wherein the first conductive
layer portion is solder.

The integrated assembly according to any one of claims 1 to 12, further
comprising a second metallic layer provided on the interconnect structure.

The integrated assembly according to claim 13, wherein the second metallic layer
is an under-bump metallization layer.

The integrated assembly according to any one of claims 1 to 14, further
comprising a second dielectric cavity formed through the interconnect

structure to accommodate a second optical component.
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16.

17.

18.

19.

20.

21

22.

23.

24.

25.

The integrated assembly according to claim 15, further comprising a third metallic
layer provided on the support substrate, within the second dielectric cavity.
The integrated assembly according to claim 16, further comprising two flow-stop

layer portions provided on the third metallic layer.

The integrated assembly according to claim 17, further comprising a second
conductive layer portion provided on the third metallic layer, within the two
flow-stop layer portions.

The integrated assembly according to claim 18, further comprising a fourth
metallic layer provided on the second optical component.

The integrated assembly according to claim 19, wherein the second optical
component is arranged in electrical contact with the fourth metallic layer.

The integrated assembly according to any one of claims 16 to 20, wherein the
third metallic layer is an under-bump metallization layer.

The integrated assembly according to any one of claims 17 to 21, wherein each of
the two flow-stop layer portions includes a material configured to stop the
flow of t.he second conductive layer.

The integrated assembly according to any one of claims 18 to 22, wherein the
second conductive layer portion is solder.

The integrated assembly according to any one of claims 19 to 23, wherein the
fourth metallic layer is an under-bump metallization layer.

The integrated assembly according to any one of claims 1 to 24, wherein the first

optical component is an optical fiber or lens.
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26.

27.

28.

29.

30.

31.

32.

33.

34

The integrated assembly according to any one of claims 15 to 25, wherein the
second optical component is a light emitting source, a detector, a laser diode
or a photodetector.

The integrated assembly according to any one of claims 3 to 26, further
comprising a trench formed in the support substrate to accommodate the first
optical component.

The integrated assembly according to claim 27, wherein the trench is formed at
the bottom of the first dielectric cavity.

The integrated assembly according to any one of claims 3 to 28, further
comprising a first alignment structure disposed above the support substrate.
The integrated assembly according to claim 29, wherein the first alignment

structure is formed in the interconnect structure.

The integrated assembly according to any one of claims 3 to 30, further
comprising a second alignment structure disposed above the support substrate.

The integrated assembly according to claim 31, wherein the second alignment
structure is formed in the interconnect structure.

The integrated assembly according to any one of claims 16 to 32, wherein the
third metallic layer, the fourth metallic layer, the two flow-stop layer portions
and the second conductive layer portion forms a third alignment structure.

. The integrated assembly according to claim 33, wherein the second optical

component is provided within the first alignment structure, the second

alignment structure and the third alignment structure.
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35. The integrated assembly according to any one of claims 1 to 34, wherein the
| interconnect structure further comprises a second insulating layer.
36. The integrated assembly according to claim 35, wherein the second insulating
layer comprises a material selected from the group consisting of silicon oxide,
a polymer and‘a dielectric material.
37. A method of manufacturing an integrated assembly, the method comprising :
forming an integrated circuit on a substrate;
forming an interconnect structure on or above the substrate;
forming a first dielectric cavity through the interconnect structure and at least a part
of the substrate to accommodate a first optical component; and
providing the integrated circuit and the first optical component on the same side of
the substrate;
wherein the interconnect structure comprises a metallization plane.
38. The method according to claim 37, wherein the substrate comprises a silicon-on-
insulator.
39. The method according to claim 37 or 38, wherein the substrate includes
a support substrate;
a first insulating layer disposed above the support substrate; and
a semiconductor layer disposed above the first insulating layer.
40. The method according to claim 39, wherein the support substrate comprises a

material selected from the group consisting of silicon, sapphire, polysilicon,

silicon oxide and silicon nitride.
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41.

42.

43.

45.

46.

47.

48.

49.

50.

The method according to claim 39 or 40, wherein the first insulating layer
comprises a material selected from the group consisting of silicon oxide, a
polymer and a dielectric material.

The method according to any one of claims 39 to 41, wherein the semiconductor
layer comprises a material selected from the group consisting of silicon,
gallium arsenide and silicon-germanium.

The method according to any one of claims 39 to 42, wherein forming the
integrated circuit on the substrate comprises forming the integrated circuit on

the semiconductor layer.

. The method according to any one of claims 37 to 43, further comprising forming

a metallic pad on the interconnect structure.

The method according to claim 44, further comprising forming a first metallic
layer on the metallic pad.

The method according to claim 45, further comprising forming a first conductive
layer portion on the first metallic layer.

The method according to claim 45 or 46, wherein the first metallic layer is an
under-bump metallization layer.

The method according to claim 46 or 47, wherein the first conductive layer
portion is solder.

The method according to any one of claims 37 to 48, further comprising forming
a second metallic layer on the interconnect structure. |

The method according to claim 49, wherein the second metallic layer is an under-

bump metallization layer.
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51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

The method according to any one of claims 37 to 50, further comprising forming
a second dielectric cavity through the interconnect structure to accommodate a
second optical component.

The method according to claim 51, further comprising forming a third metallic
layer on the support substrate, within the second dielectric cavity.

The method according to claim 52, further comprising forming two flow-stop
layer portions on the third metallic layer.

The method according to claim 53, further comprising forming a second
conductive layer portion on the third metallic layer, within the flow stop layer.

The method according to claim 54, further comprising forming a fourth metallic
layer on the second optical component.

The method according to claim 55, further comprising arranging the second
optical component in electrical contact with the fourth conductive layer.

The method according to any one of claims 52 to 56, wherein the third metallic
layer is an under-bump metallization layer.

The method according to any one of claims 53 to 57, wherein each of the two
flow-stop layer portions include a material configured to stop the flow of the
second conductive layer. |

The method according to any one of claims 54 to 58, wherein the second
conductive layer portion is solder.

The method according to any one of claims 55 to 59, wherein the fourth metallic

layer is an under-bump metallization layer.
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61.

62.

63.

64.

65.

66.

67.

68.

69.

The method according to any one of claims 37 to 60, wherein the first optical
component is an optical ﬁber or lens.

The method according to any one of claims 51 to 61, wherein the second optical
component is a light emitting source, detector, laser diode or a photodetector.

The method according to any one of claims 39 to 62, further comprising forming
a trench in the support substrate to accommodate the first optical component.

The method according to claim 63, wherein forming the trench in the support
substrate comprises forming the trench such that the trench is formed at the
bottom of the first dielectric cavity.

The method according to any one of claims 39 to 64, further comprising forming
a first alignment structure on or above the support substrate. |

The method according to claim 65, wherein forming the first alignment structure
comprises forming the first alignment structure such that the first alignment
structure is formed in the interconnect structure.

The method according to any one of claims 39 to 66, further comprising forming
a second alignment structure on or above the support substrate.

The method according to claim 67, wherein forming the second alignment
structure comprises forming the second alignment structure such that the
second alignment structure is formed in the intercorinect structure.

The method according to any one of claims 53 to 68, wherein forming the third
metallic layer, the fourth metallic layer, the two flow-stop layer portions and

the second conductive layer portion comprises forming the third metallic
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layer, the fourth metallic layer, the two flow-stop layer portions and the
second conductive layer portion so as to form a third alignment structure.

70. The method according to claim 69, further comprising providing the second
optical component within the first alignment structure, the second alignment
structure and the third alignmént structure.

71. The method according to any one of claims 37 to 70, wherein the interconnect
structure further comprises a second insulating layer.

72. The method according to claim 71, wherein the second insulating layer comprises
a material selected from thé group consisting of silicon oxide, a polymer and a
dielectric material.

73. The method according to any one of claims 45 to 72, wherein forming the first
metallic layer, the second metallic layer and rthe third metallic layer is

performed in a common process.
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