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(57) Abstract: In an embodiment, an interconnect structure is provided. The interconnect structure may include a substrate includ-
ing a bottom surface and a top surtace arranged opposite to the bottom surface; a via formed in the substrate, the via including a
sidewall; a conductive portion arranged in the via, wherein the conductive portion may have a thickness from the bottom surface
to the top surtace of the substrate which may be greater than its thickness from the sidewall of the via in a direction normal to the
sidewall; and a dielectric portion arranged in the via and at least partially surrounded by the conductive portion. A method of
forming an interconnect structure may also be provided.
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AN INTERCONNECT STRUCTURE AND A METHOD OF FORMING THE

SAME

Technical Field
[0001] Embodiments relate to an interconnect structure and a method of forming the

same.

Background

[0002] Three-dimensional (3D) packaging may play a very important role in
supporting the demand for continuous miniaturization of products with improved
performance, increased functionality and lower cost. Such requirements may require a
compact package where multiple chips may be stacked within the same foot print.
Through-silicon via (TSV) may be a key technology that may enable vertical inter-chip
interconnectivity. It may allow heterogeneous integration of different chips to achieve a
new application without the need for a more challenging system-on-chip approach.

[0003] An example may include a TSV with a parylene lining and a polymer
dielectric lining for wafer level application. The parylene lining may help to achieve the
isolation from a copper via to a silicbn substrate. The TSV may also utilize conformal
copper plating followed by spin-coated polymer filling for CMOS imaging sensor
application. Another example may include a TSV with a polmer via using printing
process for the polymer material followed by laser drilling on the polymer via and bottom

up copper plating.
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[0004] Most of the known TSV may involve a solid copper via structure and there
may also be many reported works based on thermal-mechanical modeling for stress
analysis of the TSV structure due to a coefficient of thermal .expansion (CTE) mismatch
between the copper via and silicon substrate. Most of these reported works have shown
presence of a high stress concentration at the vicinity of a via corner region and expressed
concern on long term reliability of the TSV. To address the reliability concerns, a TSV
with tungsten and polysilicon for the electrical connectivity may have been developed.
However, such a TSV may not be as well received as compared to copper as the
conducting medium in the via due to the ease of process and existing tooling
infrastructure.

[0005] Therefore, there is a need for an alternative TSV structure which may result in
a compliant structure that may be more forgiven on a CTE induced stress between the

silicon substrate and the copper via.

Summary

[0006] In various embodiments, an interconnect structure may be provided. The
interconnect structure may include a substrate including a bottom surface and a top
surface arranged opposite to the bottom surface; a via formed in the substrate, the via
iﬁcluding a sidewall; a conductive portion arranged in the via, wherein the conductive
portion may have a thickness from the bottom surface to the top surface of the substrate
which may be greater than its thickness from the sidewall of the via in a direction normal
to the sidewall; and a dielectric portion arranged in the via and at least partially

surrounded by the conductive portion.
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Brief Description of the Drawings

[0007] 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 various embodiments.
In the following description, various embodiments of the invention are described with

reference to the following drawings, in which: -

FIG. 1 shows an interconnect structure according to an embodiment;

FIG. 2 shows a flowchart illustrating a method of forming an interconnect
structure according to an embodiment;

FIGs. 3A to 3H show respective cross-sectional views of a method of forming
an interconnect structure according to an embodiment; and

FIG. 4 shows a method of forming a dielectric portion in two vias and over at
least a portion of a conductive portion which has been formed over a top surface of a

substrate according to an embodiment.

Description
[0008] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments ‘in which the invention
may be practiced. These embodiments are described in sufﬁcientv detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized and

structural, logical, and electrical changes may be made without departing from the scope
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of the invention. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to form new
embodiments.

[0009] The word "exemplary" is used herein to mean "serving as an example,
instance, or illustration". Any embodiment or design described herein as "exemplary" is
not necessarily to be construed as preferred or advantageous over other embodiments or
designs.

[0010] An embodiment may provide an interconnect structure. The interconnect
structure may include a substrate including a bottom surface and a top surface arranged
opposite to the bottofn surface; a via formed in the substrate, the via including a sidewall;
a conductive portion arranged in the via, wherein the conductive portion may have a
thickness from the bottom surface to the top surface of the substréte which may be
greater than its thickness from the sidewall of the via in a direction normal to the
sidewall; and a dielectric portion arranged in the via and at least partially surrounded by
the conductive portion.

[0011] In an embodiment, the via may be formed in the substrate such that the via
may extend from the bottom surface to the top surface of the substrate.

[0012] In an embodiment, the via may be formed in the substrate such that the via
may include a substantially uniform cross-sectional dimension or a changing cross-
sectional dimension as the via extends from the bottom surface tb the top surface of the
substrate. An example of the via with the changing cross-sectional- dimension may be a

tapered via.
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[0013] In an embodiment, the interconnect structure may include a plurality of vias
formed in the substrate depending on user and design requirements. Each of the plurality
of vias may be spaced at a same or different distance away from each other. Each of the
plurality of vias may include a same or different cross-sectional dimension.

[0014] In an embodiment, the dielectric portion may include a polymer portion.
[0015] In an embodiment, the dielectric portion arranged in the via may form a core
portion of the via.

[0016] In an embodiment, the conductive portion may be further disposed over the
top surface of the substrate, the conductive portion being configured to connect to a first
next layer connection at a first distance away from the via. The first distance may
include any distance typically required on an integrated circuit (IC) chip.

[0017} In an embodiment, the first next layer connection may include an under-bump
metallization (UBM). The first next layer connection may also include one or more metal
lines in combination with the UBM. The number of metal lines depend on the
application, fox_' example for high density wiring.

[0018] In an embodiment, the dielectric portion may be further disposed over at least
a portion of the conductive portion which may have been disposed over the top surface of
the substrate. The dielectric portion may also be disposed over the substrate depending
on design and user requirements.

[0019] In an embodiment, the interconnect structure may ﬁlnher include a barrier
layer disposed between the substrate and the conductive portion. One purpose of the
barrier layer may be to prevent inter-diffusion of the conductive portion onto the

substrate. The barrier layer may include a thickness in the range of about 10 nm to about
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on the material used. Further, the thickness of the entire barrier layer may not be uniform
because the barrier layer may be coated inside a vertical via. One upper side of the barrier
layer (or from the bottom surface of the substrate) may be thicker when compared to the
lower side of the barrier layer (from the sidewall of the via). It may be critical to ensure a
continuous barrier layer between the substrate and the conductive portion to ensure
substantially no diffusion of the conductive portion (e.g. copper) into the substrate.

[0020] In an embodiment, the barrier layer may include a material selected from a
group consisting of titanium (Ti), titanium nitride (TiN), silicon carbide, silicon
oxycarbide, silicon oxide, for example.

[0021] In an embodiment, the interconnect structure may further include a seed layer
disposed between the barrier layer and the conductive portion. The seed layer may also
serve as a barrier layer and may form a conductive layer to supﬁort subsequent copper
electro-plating process (i.e. ease any subsequent deposition of the conductive portion).
[0022] In an embodiment, the seed layer may include copper for example. The seed
layer may also be of the same material as the subsequent conductive portion to be
deposited or eléctroplated.

[0023] In an embodiment, the interconnect structure may further include a further
conductive portion disposed over the bottom surface of the substrate and in electrical
connection with the conductive portion in the via, the further conductive portion being
configured to connect to a second next layer connection at a second distance away from

the via.



WO 2011/129763 PCT/SG2010/000145

[0024] In an embodiment, the second next layer connection may include an under-
bump metallization.

[0025] In an embodiment, the first distance may be the same or different from the
second distance.

[0026] In an embodiment, the interconnect structure may further include a further
dielectric portion disposed over at least a portion of the further conductive portion. The
further dielectric portion may also be disposed over the substrate depending on design
and user requirements.

[0027] In an embodiment, the dielectric portion may include polymer in dry film
format or in liquid form. In the case of dry film, the dry film may be overlaid on the via
and this may be follow by compression of the dry film into the via hence filling up the
via. In the case of the liquid polymer, the liquid polymer may be spun coated with
suitable mechanical properties for spin coating and via filling purpose.

[0028] In an embodiment, the further dielectric portion may be of the same or
different material as the dielectric portion.

[0029] In an embodiment, the conductive portion may include a material selected
from a group consisting of copper, nickel for example.

[0030] In an embodiment, the further conductive portion may be of the same or
different material as the conductive portion.

[0031] In an embodiment, the substrate comprises a materiai selected from a group
consisting of silicon, glass or the equivalent for example. The substrate may be of a

semiconductor material.
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[0032] An embodiment may provide a method of forming an interconnect structure.
The method may include providing a substrate, the substrate including a bottom surface
and a top surface arranged opposite to the bottom surface; forming a via in the substrate,
the via including a sidewall; forming a conductive portion in the via; wherein the
conductive portion may have a thickness from the bottom surface to the top surface of the
substrate which may be greater than its thickness from the sidewall of the via in a
direction normal to the sidewall; and forming a dielectric portion in the via and at least
partially surrounded by the conductive portion.

[0033] In an embodiment, forming the via in the substrate may include forming the
via by one or more of a group consisting of lithography and deep reactive-ion etching
(DRIE). Any other suitablé lithography and etching method may also be used.

[0034] In an embodiment, the method may further include forming a barrier layer
over the substrate.

[0035] In an embodiment, the barrier layer may include a material selected from a
group consisting of Ti, TiN, silicon carbide, silicon oxycarbide, silicon oxide, for
example.

[0036] In an embodiment, the method may further include forming a seed layer over
the barrier layer.

[0037] In an embodiment, the seed layer may include a material selected from a
group consisting of copper.

[0038] In an embodiment, the method may further include forming the conductive
portion over the top surface of the substrate, the conductive portion being configured to

connect to a first next layer connection at a first distance away from the via.
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[0039] In an embodiment, the first next layer connection may further include an
under-bump metallization.

[0040] In an embodiment, forming the conductive portion in the via and forming the
conductive portion over the top surface of the substrate may be performed at the same
time.

[0041] In an embodiment, forming the conductive portion in the via and forming the
conductive portion over the top surface of the substrate may include forming a dry film
resist over the substrate; forming an opening in the dry film resist, the opening positioned
and sized so as to at least correspond to the via; depositing a conductive layer in the
opening; and removing the dry film resist.

[0042] In an embodiment, the conductive layer may be deposited by electroplating,
for example copper electroplating.

[0043] In an embodiment, the dielectric portion formed in the via may form a core
portion of the via.

[0044] In an embodiment, the method may further include forming the dielectric
portion over at least a portion of the conductive portion which may have been formed
over the top surface of the substrate.

[0045] In an embodiment, forming the dielectric portion in the via and forming the
dielectric portion over at least the portion of the conductive portion which has been
formed over the top surface of the substrate may be performed at fhe same time.

[0046] In an embodiment, forming the dielectric portion in the via and forming the
dielectric portion over at least a portion of the conductive portion which has been formed

over the top surface of the substrate may include positioning a dry film layered structure
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over the substrate; the dry film layered structure may include a dry film dielectric layer;
and a dry film lining disposed over the dry film dielectric layer; and applying pressure
and heat onto the dry film layered structure to allow the dry film dielectric layer to be
formed in the via and over at least the portion of the conductive portion which has been
formed over the top surface of the substrate. The dry film dielectric layer is the material
to be filled in the via eventually. The dry film lining may be a protection layer arranged
on the dry film dielectric layer so as to prevent the dry film dielectric layer from sticking
to a pressure chuck table during a thermal compression process. After the via filling may
be completed, the dry film lining may be removed easily by peeling the dry film lining
away and disposing the dry film lining.

[0047] In an embodiment, forming the via in the substrate may further include
forming the via such that the via may extend from the bottom surface to the top surface of
the substrate.

[0048] In an embodiment, forming the via such that the via may extend from the
bottom surface to the top surface of the substrate may include providing a support
substrate; bonding the support substrate to the dielectric portion; and reducing thickness
of the substrate from the bottom surface towards the top surface of the substrate such that
the via extends from the bottom surface to the top surface of the substrate to expose the
conductive portion in the via.

[0049] In an embodiment, reducing thickness of the substrate from the bottom surface
towards the top surface of the substrate may include reducing the thickness by one or
more of a group consisting of backgrind, planarization, wet etching and dry etching for

example.

10
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[0050] In an embodiment, forming the via may further include forming the via such
that the via may include a substantially uniform cross-sectional dimension or a changing
cross-sectional dimension as the via may extend from the bottom surface to the top
surface of the substrate.

[0051] In an embodiment, the method may further include forming a further
conductive portion over the bottom surface of the substrate and in electrical connection
with the conductive portion in the via, the further conductive portion being configured to
connect to a second next layer connection at a second distance away from the via.

[0052] In an embpdiment, the second next layer connection may include an under-
bump metallization.

[0053] In an embodiment, the method may further include forming a further dielectric
portion over at least a portion of the further conductive portion.

[0054] In an embodiment, the method may further include removing the support
substrate after forming the further conductive portion and the further dielectric portion.
[0055] In an embodiment, the dielectric portion may include polymer in dry film
format or in liquid form.

[0056] In an embodiment, the further dielectric portion may be of the same material
as the dielectric portion.

[0057] In an embodiment, the conductive portion may include a material selected
from a group consisting of copper, nickel, for example.

[0058] In an embodiment, the further conductive portion may be of the same material

as the conductive portion.

11
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consisting of silicon, glass and the equivalent for example.

[0060] In an embodiment, the dielectric portion may include a polymer portion.
[0061] In an embodiment, a novel Through-Silicon Via (TSV) technology may have
been developed for a silicon (Si) interposer application. The TSV may replace the solid
filled copper (Cu) via with a partial plated copper via for interconnection. Further,
polymeric filling inside the via may result in a compliant structure that may be more
forgiven on CTE induced stress between Si and Cu via. Thermal-mechanical modeling
has shown that more than about 50% shear stress reduction in Si may be possible when a
typical 50um diameter TSV with solid filled Cu may be replaced with polymer filled via
with no significant impact on electrical performance of the TSV due to skin effect for
high frequency interconnection. Thermal modeling may have also shown little or no
difference on thermal dissipation for stack chip package utilizing polymer ﬁlled via
compared to solid Cu via.

[0062] In addition to the novel TSV structure, a new fabrication processes which may
result in a simplified TSV fabrication process may be disclosed. A redistribution layer
(RDL) may be forrned along with partial Cu plating process using a pre-defined dry film
resist layer prior to Cu plating. This may allow elimination of a need for Cu overburden
removal after Cu plating.

[0063] Further, a novel polymer filling process using a dry film laminated method
with simultaneous formation of a dielectric layer may also be established.

[0064] In an embodiment, a novel TSV structure including a partial Cu superfilling

which may form a RDL line simultaneously, and polymer dielectric filled inside the

12
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partial Cu plated via may be disclosed. The presence of thinner side wall and polymeric
material in the core may provide compliancy to the TSV structure to try to reduce
thermal-mechanical stress induced by CTE mismatch between Cu and Si.

[0065] In an embodiment, a method of fabrication of the polymer filled via may also
be provided.

[0066] In an embodiment, a novel polymer filled via structure in a silicon substrate or
interposer may be disclosed. The TSV may include partial Cu superﬁlling_ with thinner
sidewall and thicker Cu layer at the bottom of via. At the top side, the partially plated Cu
may be connected directly with horizontal Cu line or redistribution layer metallization.
The partial plated via may be filled entirely with polymer material which may also form
the horizontal dielectric layer on the redistribution metallization. At the end of the
redistribution metal layer, there may be an vertical connection to a under-bump
metallization (UBM) to form a receiving pad for solder interconnection to other bumped
chips. At the bottom side, the partial plated Cu may have a thicker Cu layer to ensure
that Cu may be present on the entire via diameter area after via exposure process for good
contact with bottom metallization. Again at the end of the metallization layer, there may
be a vertical connection to UBM for solder joint interconnection.

[0067] In an embodiment, a fabrication process sequence for the formation of partial
Cu superfilling and simultaneously forming horizontal redistribution metallization layer
may be disclosed. The process may start with DRIE via etch éuch as Bosch process,
followed by isolation oxide process (or barrier layer), seed layer and dry film resist
process to define the electroplating area, including the redistribution metal line. This

may be followed by electro-copper-plating (ECP) to form superfilling (for example high

13
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plating rate at bottom of via then the sidewall) resulting in controlled Cu layer thickness
at the via bottom. Ideally, a relatively thick Cu (for example 30 um) layer may be
electroplated at the via bottom, while a relatively thin Cu (for example 8um) may be
desired along the via sidewall. The thick Cu at via bottom may be needed to
accommodate the process tolerance of subsequent backside grinding process, which may
expose the TSV interconnection from the backside. The thin Cu along the sidewall may
be needed to reduce the stress level, which otherwise may be high in the case of fully
filled Cu TSV interconnection. To achieve this electroplating thickness control which
may be against the natural electrical field and Cu ion concentration distribution in the
TSV, specially prepared TSV electroplating chemistry and plating current waveform may
be two of the most important factors. The thickness required may depend on subsequent
via exposure process capability and via depth variations. For example, for via depth of
200um with +/- 5 % depth variation, and via exposure process variation of +/- 2 um, a Cu
layer thickness of at least about 30um may be required to ensure there may be sufficient
Cu presence at the via bottom after via exposure.

[0068] After the ECP process, the dry film resist layer and excess seed layer may be
removed and the wafer or substrate may be ready for polymer filling process. A dry film
dielectric layer of some uniform thickness for polymer filling using a lamination method
may be used. To prevent any void being trapped inside the via, the entire wafer and the
dry film may be placed inside a vacuum chamber which may inciude a thermally heated
chuck table and be subjected to compression under heat and pressure at the same time.
This may allow the dielectric film to become soften and fluidic such that the dielectric

film may flow into the via under pressure. Dielectric film thickness may be achieved by
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controlling the thermo-compression process, the film thickness, via size and via depth.
After via filling may be completed, the whole process of via and RDL formation, and
polymer filling may be considered complete. Subsequent processes such as top-side
bump formation and bottom-side via exposure and bump formation may follow typical
fabrication processes.

[0069] In an embodiment, a unique TSV structure with polymer filling in the core of
a partially plated Cu via with thicker bottom layer may be disclosed.

[0070] In an embodiment, a novel dry film dielectric lamination process for polymer
filling which may simultaneously form a dielectric layer for the RDL layer may be
disclosed.

[0071] In an embodiment, there may be several advantages of the interconnect
structure and the method of forming the same. Most of current technology may use a
solid filled Cu via which may have a large thermal-mechanical stress at a vicinity of a via
comner due to CTE mismatch between Cu and Si. Polymer filled via may have shown a
stress reduction by about 57% as cémpared to a solid filled Cu via.

[0072] In an embodiment, existing TSV technology involving a solid filled Cu via
may require a longer process time. The current interconnect stucture and method of
forming the same may use partially plated Cu, hence a shorted processing time may be
achieved.

[0073] In an embodiment, existing TSV technology involviﬁg a solid filled Cu via
may required a chemical mechanical polishing (CMP) process for overburden removal.
The current interconnect stucture and method of forming the same may not require the

CMP process for overburden removal.
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[0074] In an embodiment, a polymer filled TSV via structure with thicker bottom
metal layer and via core filled with polymer material may be disclosed.

[0075] In an embodiment, a method of fabricating the polymer filled via may be
disclosed. The method may achieve a thicker bottom layer inside the via. The method
may allow via plating and simultaneously forming RDL layer using patterned dry film
resist prior to ECP. The method may also allow dielectric filling in the via. The method
of polymer via filling and simultaneously forming dielectric layer on the wafer may be
performed using a dielectric film lamination method.

[0076] FIG. 1 shows an interconnect structure 102 according to an embodiment. The
interconnect structure 102 may include a substrate 104 including a bottom surface 106
and a top surface 108 arranged opposite to the bottom surface 106; a via 110 formed in
the substrate 104, the via 110 including a sidewall 112; a conductive portion 114
arranged in the via 110, wherein the conductive portion 114 may have a thickness from
the bottom surface 106 to the top surface 108 of the substrate 104 which is greater than
its thickness from the sidewall 112 of the via 110 in a direction normal to the sidewall
112; and a dielectric portion 116 arranged in the via 110 and at least partially surrounded
by the conductive portion 114.

[0077] In an embodiment, the conductive portion 114 may include a thickness from
the bottom surface 106 to the top surface 108 of the substrate 104 of about twice that of
the thickness from the sidewall 112 of the via 110 in a directioﬁ normal to the sidewall
112. For example, the ratio of the thickness from the bottom surface 106 to the top
surface 108 of the substrate 104 to the thickness from the sidewall 112 may be larger than

1 (i.e. as long as the thickness from the bottom surface 106 to the top surface 108 of the
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substrate 104 is larger than the thickness from the sidewall 112). As a further example,
the thickness from the bottom surface 106 to the top surface 108 of the substrate 104 may
be in a range of about 1 um to about 30 um and the thickness from the respective
sidewalls 112 rﬁay be in a range of about 1 um to about 10 um. The thickness from the
bottom surface 106 to the top surface 108 of the substrate 104 and the thickness from the
sidewall 112 may vary according to user and design variations.

[0078] The via 110 may be formed in the substrate 104 such that the via 110 may
extend all the way through from the bottom surface 106 to the top surface 108 of the
substrate 104. The via 110 may also be formed in the substrate 104 such that the via 110
includes a substantially uniform cross-sectional dimension or a changing cross-sectional
dimension as the via 11>0 extends from the bottom surface 106 to the top surface 108 of
the substrate 104. In FIG. 1, the via 110 may be of a substantially uniform cross-
sectional dimension as the via 110 extends from the bottom surface 106 to the top surface
108 of the substrate 104. The via 110 may be a cylindrical via. However from the 2D
cross-sectional view as shown in FIG. 1, the via 110 may be seen to have two sidewalls
112 (when in fact the two sidewalls 112 are one single integrated sidewall) .

[0079] In an embodiment, the dielectric portion 116 may include a polymer portion.
The dielectric portion 116 arranged in the via 110 may form a core portion of the via 110.
[0080] The conductive portion 114 may be further disposed over the top surface 108
of the substrate 104, the conductive portion 114 being conﬁgured to connect to the first
next layer connection (or first external connection ) (not shown) af a first distance away
from the via 110. The first distance may be represented by “d1”. For example, for a one

layer configuration, the first next layer connection may include an under-bump
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metallization (UBM). However, it may also be possible to have a multiple layer
configuration. Then the first next layer connection may include conductive layers or
conductive portions configured for next layer connection.

[0081] The dielectric portion 116 may be further disposed over at least a portion of
the conductive portion 114 which has been disposed over the top surface 108 of the
substrate 104.

[0082] The interconnect structure 102 may further include a barrier layer (not shown)
disposed between the substrate 104 and the conductive portion 114. The barrier layer
may include a material selected from a group consisting of Ti, TiN, silicon carbide,
silicon oxycarbide, silicon oxide, for example.

[0083] The interconnect structure 102 may further include a seed layer (not shown)
disposed between the barrier layer and the conductive portion 114. The seed layer may
include copper.

[0084] The interconnect structure 102 may further include a further conductive
portion 122 disposed over the bottom surface 106 of the substrate 104 and in electrical
connection with the conductive portion 114 in the via 110, the further conductive portion
122 being configured to connect to the second next layer connection or second external
connection 124 at a second distance away from the via 110. The second distance may be
any suitable distance depending on design and user requirements. The second distance
may be represented by “d2”. For examplé, for a one layer conﬁgﬁration, the second next
layer connection may include an under-bump metallization (UBM). However, it may also

be possible to have a multiple layer configuration. Then the second next layer connection
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may include conductive layers or conductive portions configured for next laygr
connection.

[0085] | The interconnect structure 102 may further include a further dielectric portion
126 disposed over at least a portion of the further conductive portion 122. The dielectric
portion 116 may include a polymer in dry film format or in liquid form. The further
dielectric portion 126 may be of the same material or different material as the dielectric
portion 116.

[0086] The conductive portion 114 may include a material selected from a group
consisting of copper, nickel, for example. The further conductive portion 122 may be of
the same material as the conductive portion 114. The conductive portion 114 and the
further conductive portion 122 may be formed such that the conductive portion 114 and
the further conductive portion 122 may be one integrated portion.

[0087] The substrate 104 may include a material selected from a group consisting of
silicon, glass substrate or the equivalent, for example.

[0088] FIG. 2 shows a flowchart 2000 illustrating a method of forming an
interconnect structure 102 according to an embodiment.

[0089] At ,2002’ the method may include providing a substrate 104, the substrate 104
including a bottom surface 106 and a top surface 108 arranged opposite to the bottom
surface 106.

[0090] At 2004, the method may include forming a via 110 in the substrate 104, the
via 110 including a sidewall 112.

[0091] At 2006, the method may include forming a conductive portion 114 in the via

110; wherein the conductive portion 114 may have a thickness from the bottom surface
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106 to the top surface 108 of the substrate 104 which may be greater than its thickness
from the sidewall 112 of the via 110 in a direction normal to the sidewall 112.

[0092] At 2008, the method may include forming a dielectric portion 116 in the via
110 and at least partially surrounded by the conductive portion 114.

[0093] FIGs. 3A to 3H show respective cross-sectional views of a method of forming
an interconnect structure 102 according to an embodiment.

[0094] FIG. 3A shows lithography and deep reactive-ion etching (DRIE). In FIG. 3A,
the method may include providing a substrate 104, the substrate 104 including a bottom
surface 106 and a top surface 108 arranged opposite to the bottom surface 106. The
substrate 104 may include a material selected from a group consisting of silicon, for
example.

[0095] Two respective vias 110 may be formed in the substrate 104, each of the two
vias 110 including respective sidewall 112. Each of the two vias 110 may be formed in
the substrate 104 by lithography and deep reactive-ion etching (DRIE) for example a
Bosch process. Any other suitable lithography and etching method may also be used.
The two vias 110 may be formed in the substrate 104 as blind vias initially.

[0096] FIG. 3B shows barrier layer (not shown) and Cu seed layer 120 deposition.
Next in FIG. 3B, the method may include forming a barrier layer over the substrate 104.
The barrier layer may be formed over the top surface 108 of the substrate 104 and in the
two vias 110 formed in the substate 104. The barrier layer fnay include a material
selected from a group consisting of Ti, TiN, silicon carbide, silicon oxycarbide, silicon

oxide, for example.
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[0097] The method may further include forming a seed layer 120 over the barrier
layer. The seed layer 120 may include copper for example.

[0098] FIGs. 3C to 3E shows the steps involved in the formation of the conductive
portion 114 in each of the two vias 110 and over the top surface 108 of the substrate 104.
The conductive portion 114 in each of the two vias 110 may include a thickness from the
bottom surface 106 to the top surface 108 of the substrate 104 which may be greater than
its thickness from the sidewall 112 of each of the two vias 110 in a direction normal to
the sidewall 112 within each of the two vias 110. The formation of the conductive
portion 114 in each of the two vias 110 and over the top surface 108 of the substrate 104
may be performed at the same time.

[0099] FIG. 3C shows dry film pattern. In FIG. 3C, the formation of the conductive
portion 114 may include forming a dry film resist 128 over the substrate 104. An
opening 130 or any suitable pattern corresponding to the subsequently formed
redistribution (RDL) lines may be formed in the opening 130 of the dry film resiét 128,
the opening 130 or pattern may be positioned and sized so as to at least correspond to the
location and size of the two vias 110 and to form the RDL lines between the two vias
110, and at other location or connection to the next layer as and when desired.

[00100] FIG. 3D shows partial Cu plating. In FIG. 3D, a conductive layer 132 may be
deposited in the opening 130. The conductive layer 132 may be deposited by
ialectroplating, for example copper electro-plating. The electroplziting or plating process
may be modified so to allow superfilling to achieve thicker Cu thickness at the bottom

region of the via 110. This may require faster Cu deposition rate at the bottom region of
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the via 110 while suppressing the Cu plating rate at the top as well as the sidewall region
of the via 110.

[00101] FIG. 3E shows removal of dry film resist 128. In FIG. 3E, the dry film resist
128 may be removed. The dry film resist 128 may be removed by wet etch or dry etch,
depending on the type of dry film resist used, and in combination with the type of the
seed layer 120.

[00102] After removal of the dry film resist 128, the conductive layer 132 which may
have been deposited in each of the two vias 110 and over the top surface 108 of the
substrate 104 may form the conductive portion 114.

[00103] FIG. 3F shows polymer portion filling or dielectric portion filling. A
dielectric portion 116 may be formed in each of the two vias 110 and over at least a
portion of the conductive portion 114 which may have been formed over the top surface
108 of the substrate 104. The dielectric portion 116 formed in each of the two vias 110
may form a respective core portion of each of the two vias 110. The dielectric portion
116 may include a polymer portion.

[00104] The formation of the dielectric portion 116 in each of the two vias 110 and
over at least the portion of the conductive portion 114 which may have been formed over
the top surface 108 of the substrate 104 may be performed at the same time. An example
of the method of formation of the dielectric portion 116 may be described in FIG. 4.
[00105] FIG. 3G shows support substrate bonding and via eprsure. Each of the two
vias 110 may be formed such that each of the two vias 110 may extend from the bottom
surface 106 to the top surface 108 of the substrate 104. The formation of two such vias

110 may include providing a support substrate 134; bonding the support substrate 134 to
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the dielectric portion 116; and reducing thickness of the substrate 104 from the bottom
surface 106 towards the top surface 108 of the substrate 104 such that each of the two
vias 110 extends from the bottom surface 106 to the top surface 108 of the substrate 104
to expose the conductive portion 114 in each of the vias 110.

[00106] In an embodiment, reducing thickness of the substrate 104 from the bottom
surface 106 towards the top surface 108 of the substrate 104 may include reducing the
thickness by one or more of a group consisting of backgrind, planarization, wet etching
and dry etching.

[00107] In an embodiment, forming each of the two vias 110 may further include
forming each of the two vias 110 such that each of the two vias 110 may include a
substantially uniform cross-sectional dimension or a changing cross-sectional dimension
as each of the two vias 110 may extend from the bottom surface 106 to the top surface
108 of the substrate 104.

[00108] FIG. 3H shows bottom metallization and debonding. The method may further
include forming a dielectric layer (not shown) on the bottom surface 106 of the substrate
104, and making an opening corresponding to the exposed portion of the conductive
portion 114. Then the method may include forming a further conductive portion 122 over
the bottom surface 106 of the substrate 104 and in electrical connection with the
conductive portion 114 in each of the two vias 110, the further conductive portion 122
being configured to connect to a second next layer connection (ﬁot shown) at a second
distance away from the two vias 110. In an embodiment, the second next layer

connection may include an under-bump metallization.
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[00109] In an embodiment, the method may further include forming a further dielectric
portion 126 over at leasf a portion of the further conductive portion 122.

[00110] In an embodiment, the method may further include removing the support
substrate 134 after forming the further conductive portion 122 and the further dielectric
portion 126. FIG. 3H shows a resultant interconnect structure 102.

[00111] FIG. 4 shows a method of forming a dielectric portion 116 in two vias 110 and
over at least é portion of a conductive portion 114 which has been formed over a top
surface 108 of a substrate 104 according to an embodiment.

[00112] The method of forming the dielectric portion 116 in the two vias 110 and over
at least the portion of the conductive portion 114 which has been formed over the top
surface 108 of the substrate 104 may include positioning a dry film layered structure 136
over the substrate 104; the dry film layered structure 136 may include a dry film
dielectric layer 138 and a dry film lining 140 disposed over the dry film dielectric layer
138. The method may further include applying pressure and heat onto the dry film
layered structure 136 to allow the dry film dielectric layer 138 to be formed in each of the
two vias 110 formed in the substrate 104 and over at least the portion of the conductive
portion 114 which has been formed over the top surface 108 of the substrate 104.

[00113] In FIG. 4, a dry film dielectric layer 138 of a relatively uniform thickness may
be used for dielectric portion 116 or polymer filling using a lamination method. To
prevent any voids being trapped inside each of the two vias 110, vthe entire substrate 104
and the dry film layered structure 136 may be placed inside a vacuum chamber 154
including a thermally heated chuck table 142 and be subjected to compression under heat

and pressure by a chuck 158 at the same time. The direction of the compression by the
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chuck 158 may be as indicated by the arrows as seen in FIG. 4. The heat and préssure
may allow the dry film dielectric layer 138 to soften and to become fluidic such that the
molten dry film dielectric layer 138 may be able to flow into each of the two vias 110
under pressure to form the dielectric portion 116. The thickness of the dielectric portion
116 formed in the via 110 may be achieved by controlling the thermo-compression
process, the thickness of the dry film dielectric layer 138, the via size and the via depth.
[00114] In an embodiment, besides forming the dielectric portion 116 by dry film
dielectric layer 138, it may be possible to form the dielectric portion 116 using liquid
dielectric by spin coating. This may be achieved using a suitable liquid dielectric with
suitable properties to allow spin coating for via filling.

[00115] While the invention 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.
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Claims

What is claimed is:

1. An interconnect structure comprising:

a substrate comprising a bottom surface and a top surface arranged opposite to the
bottom surface;

a via formed in the substrate, the via comprising a sidewall;

a conductive portion arranged in the via, wherein the conductive portion has a
thickness from the bottom surface to the top surface of the substrate which is greater
than its thickness from the sidewall of the via in a direction normal to the sidewall;

and

a dielectric portion arranged in the via and at least partially surrounded by the
conductive portion.

2. The interconnect structure of claim 1,

wherein the via is formed in the substrate such that the via extends from the bottom
surface to the top surface of the substrate.

3. The interconnect structure of claim 2,
wherein the via is formed in the substrate such that the via comprises a substantially
uniform cross-sectional dimension or a changing cross-sectional dimension as the via
extends from the bottom surface to the top surface of the substrate.

4. The interconnect structure of any one of claims 1 to 3,
wherein the dielectric portion comprises a polymer portion.

5. The interconnect structure of any one of claims 1 to 4,
wherein the dielectric portion arranged in the via forms a core portion of the via.

6. The interconnect structure of any one of claims 1 to 5,
wherein the conductive portion is further disposed over the top surface of the substrate,
the conductive portion being configured to connect to a first next layer connection at a

first distance away from the via.

7. The interconnect structure of claim 6,
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wherein the first next layer connection comprises an under-bump metallization.
8. The interconnect structure of claim 6 or 7,

wherein the dielectric portion is further disposed over at least a portion of the conductive
portion which has been disposed over the top surface of the substrate.

9. The interconnect structure of any one of claims 1 to 8, further comprising
a barrier layer disposed between the substrate and the conductive portion.
10. The interconnect structure of claim 9,

wherein the barrier layer comprises a material selected from a group consisting of Ti,
TiN, silicon carbide, silicon oxycarbide, silicon oxide.

11. The interconnect structure of claim 9 or 10, further comprising
a seed layer disposed between the barrier layer and the conductive portion.

12. The interconnect structure of claim 11,
wherein the seed layer comprises copper.

13. The interconnect structure of any one of claims 1 to 12, further comprising
a further conductive portion disposed over the bottom surface of the substrate and in
electrical connection with the conductive portion in the via, the further conductive
portion being configured to connect to a second next layer connection at a second
distance away from the via.

14. The interconnect structure of claim 13,
wherein the second next layer connection comprises an under-bump metallization.

15. The interconnect structure of claim 13 or 14, further comprising

a further dielectric portion disposed over at least a portion of the further conductive
portion.

16. The interconnect structure of any one of claims 1 to 15 ,
wherein the dielectric portion comprises a polymer, a dry film dielectric layer.

17. The interconnect structure of claim 15 or 16,
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wherein the further dielectric portion is of the same material as the dielectric portion.
18. The interconnect structure of any one of claims 1 to 17,

wherein the conductive portion comprises a material selected from a group consisting of
copper, nickel.

19. The interconnect structure of any one of claims 13 to 18,
wherein the further conductive portion is of the same material as the conductive portion.
20. The interconnect structure of any one of claims 1 to 19,

wherein the substrate comprises a material selected from a group consisting of silicon,
glass.

21. A method of forming an interconnect structure, the method comprising :

providing a substrate, the substrate comprising a bottom surface and a top surface
arranged opposite to the bottom surface;

forming a via in the substrate, the via comprising a sidewall;
forming a conductive portion in the via; wherein the conductive portion has a thickness
from the bottom surface to the top surface of the substrate which is greater than its

thickness from the sidewall of the via in a direction normal to the sidewall; and

forming a dielectric portion in the via and at least partially surrounded by the conductive
portion.

22. The method of claim 21,

wherein forming the via in the substrate comprises forming the via by one or more of a
group consisting of lithography and deep reactive-ion etching.

23. The method of claim 21 or 22, further comprising
forming a barrier layer over the substrate.
24. The method of claim 23,

wherein the barrier layer comprises a material selected from a group consisting of Ti,
TiN, silicon carbide, silicon oxycarbide, silicon oxide.

25. The method of claim 23 or 24, further comprising
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forming a seed layer over the barrier layer.

26. The method of claim 25,
wherein the seed layer comprises copper.

27. The method of any one of claims 21 to 26, further comprising
forming the conductive portion over the top surface of the substrate, the conductive
portion being configured to connect to a first next layer connection at a first distance
away from the via.

28. The method of claim 27,
wherein the first next layer connection comprises an under-bump metallization.

29. The method of claim 27 or 28,

wherein forming the conductive portion in the via and forming the conductive portion
over the top surface of the substrate is performed at the same time.

30. The method of claim 29,

wherein forming the conductive portion in the via and forming the conductive portion
over the top surface of the substrate comprises :

forming a dry film resist over the substrate;

forming an opening in the dry film resist, the opening positioned and sized so as
to at least correspond to the via;

depositing a conductive layer in the opening; and
removing the dry film resist.
31. The method of claim 30,
wherein the conductive layer is deposited by electroplating.
32. The method of any one of claims 21 to 31,
wherein the dielectric portion formed in the via forms a core portion ‘of the via.

33. The method of any one of claims 27 to 32, further comprising

29



WO 2011/129763 PCT/SG2010/000145

forming the dielectric portion over at least a portion of the conductive portion which has
been formed over the top surface of the substrate.

34. The method of claim 33,
wherein forming the dielectric portion in the via and forming the dielectric portion over
the at least a portion of the conductive portion which has been formed over the top
surface of the substrate is performed at the same time.

35. The method of claim 34,
wherein forming the dielectric portion in the via and forming the dielectric portion over
the at least a portion of the conductive portion which has been formed the top surface of

the substrate comprises :

positioning a dry film layered structure over the substrate; the dry film layered
structure comprises

a dry film dielectric layer; and

a dry film lining disposed over the dry film dielectric layer;
and
applying pressure and heat onto the dry film layered structure to allow the dry
film dielectric layer to be formed in the via and over at least the portion of the
conductive portion which has been formed over the top surface of the substrate.

36. The method of any one of claims 21 to 35,

wherein forming the via in the substrate further comprises forming the via such that the
via extends from the bottom surface to the top surface of the substrate.

37. The method of claim 36,

wherein forming the via such that the via extends from the bottom surface to the top
surface of the substrate comprises :

providing a support substrate;
bonding the support substrate to the dielectric portion; and
reducing thickness of the substrate from the bottom surface towards the top

surface of the substrate such that the via extends from the bottom surface to the
top surface of the substrate to expose the conductive portion in the via.
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38. The method of claim 37,
wherein reducing thickness of the substrate from the bottom surface towards the top
surface of the substrate comprises reducing the thickness by one or more of a group
consisting of backgrind and planarization.

39. The method of any one of claims 36 to 38,
wherein forming the via further comprises forming the via such that the via comprises a
substantially uniform cross-sectional dimension or a changing cross-sectional dimension
as the via extends from the bottom surface to the top surface of the substrate.

40. The method of any one of claims 37 to 39, further comprising
forming a further conductive portion over the bottom surface of the substrate and in
electrical connection with the conductive portion in the via, the further conductive
portion being configured to connect to a second next layer connection at a second
distance away from the via.

41. The method of claim 40,
wherein the second next layer connection comprises an under-bump metallization.

42. The method of claim 40 or 41, further comprising

forming a further dielectric portion over at least a portion of the further conductive
portion.

43. The method of claim 42, further comprising

removing the support substrate after forming the further conductive portion and the
further dielectric portion.

44. The method of any one of claims 21 to 43,

wherein the dielectric portion comprises a polymer, a dry film dielectric layer.
45. The method of any one of claims 42 to 44,

wherein the further dielectric portion is of the same material as the dielectric portion.
46. The method of any one of claims 21 to 45,

wherein the conductive portion comprises a material selected from a group consisting of
copper, nickel.
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47. The method of any one of claims 40 to 46,
wherein the further conductive portion is of the same material as the conductive portion.
48. The method of any one of claims 21 to 47,
wherein the substrate comprises a material selected from a group consisting of silicon,
glass.
49. The method of any one of claims 21 to 48,

wherein the dielectric portion comprises a polymer portion.
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