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A CONDUCTIVE INTERCONNECT INCLUDING AN INORGANIC COLLAR

CROSS REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit, under 35 U.S.C. § 119(e), of U.S.
provisional patent application no. 61/721,889, filed on November 2, 2012, in the names
of Sun et al., the disclosure of which is expressly incorporated by reference herein in its

entirety.

BACKGROUND

Field

[0002] The present disclosure generally relates to semiconductor device assembly.
More specifically, the present disclosure relates to a conductive interconnect including
an inorganic collar for protecting the conductive interconnect during a seed layer etch

and preventing a solder bridge during chip attach.
Background

[0003] In flip-chip packaging, an active device region of an integrated circuit (IC) (e.g.,
a die) is on a surface facing a package substrate (e.g., downward). In this arrangement,
interconnects (such as pillars) from the IC may electrically couple with contact pads on
the package substrate. The pillar can be copper, tin solder or silver solder. A copper
pillar may be fabricated according to a plating method, for example, as shown in

FIGURE 1.

[0004] As shown in FIGURE 1, an electroplating method 100 for fabricating copper
pillars 120 includes a first process of depositing a conductive seed layer 104 (e.g.,
metal) on a semiconductor wafer or die (e.g., a semiconductor substrate) 102. As
described herein, the term “semiconductor substrate” may refer to a substrate of a diced
wafer or may refer to the substrate of a wafer that is not diced. In a second process, a
photoresist material 110 is deposited and patterned on the conductive seed layer 104.
Next, an electroplating process forms copper pillars 120. The copper pillars 120 may by
formed using an electroplating process to grow a copper layer 122 and a solder layer
124 (e.g. silver (Ag), tin (Sn), Indium (In), or nickel (Ni)). The photo resist 110 is then
stripped.
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[0005] The electroplating method 100 includes a seed layer etch to remove portions of
the conductive seed layer 104 between the pillars 120 to form an under bump
conductive layer 130. This etch may be a non-isotropic etch that removes the
conductive seed layer 104 in all directions. Removal of the conductive seed layer 104
between the pillars 120 prevents shorting of the copper pillars 120 causing faulty
interconnect operation. Unfortunately, the etch process also over-etches the copper
layer 122 to form an undercut 126. The undercut 126 reduces the contact area of the
copper pillars 120 on the semiconductor substrate 102. The reduced contact area may

degrade the connectivity as well as the integrity of the copper pillars 120.

[0006] In this example, the undercut 126 may be in the range of three (3) microns on
each side of the copper pillars 120. The current control limit for the manufacturing site
(e.g., the foundry) is less than six microns of undercut on each side of a bump
interconnect of the copper pillars 120. The undercut amount is significant when the
bump diameter is, for example, less than sixty microns. At this size, six microns of over
etch may result in a 10% to 20% loss in the copper pillars 120. As a result, fabricating
copper pillars 120 for fine pitch/size designs is challenging due to copper over etching.
After the etching, a thermal process reflows the solder layer 124 of the copper pillars

120. Consequently, surface tension causes a round shape of the solder layer 124.

[0007] Conventional solutions for preventing the undercut 126 to the copper layer 122
of the copper pillars 120 include changing the etch process to reduce an amount of, the
undercut 126. Changing the etch process, however, involves a fundamental process
change to develop a new etch mechanism. Another conventional solution is increasing

a bump diameter of the copper pillars 120, for example, as shown in FIGURE 2.

[0008] FIGURE 2 illustrates a chip attach process 200 for attaching a semiconductor
substrate (e.g., an IC die/chip, flip chip) 202 (e.g., an IC device) to a package substrate
260 or another semiconductor substrate. Note that FIGURE 2 shows the semiconductor
substrate 202 facing downwardly, whereas the semiconductor substrate 102 of FIGURE
1 is oriented to face upwardly. In this example, a bump diameter of the solder bumps
224 as well as the copper layer 222 of the copper pillars 220 is increased. This increase
in the bump diameter, however, is limited by a bump pitch 204. When a clearance (e.g.,
bump pitch 204) between the solder bumps 224 (or between the solder bumps 224 and

traces (not shown)) is reduced by the increased bump diameter, a solder bridge 226
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develops after the thermal process to couple the solder bumps 224 of the copper pillars
220 to contact pads 262 of the package substrate 260 during flip chip assembly. That is,
flip chip reflow to couple the contact pads 262 and the solder bumps 224 of the copper
pillars 220 results in the solder bridge 226 between the solder bumps 224.

SUMMARY

[0009] According to one aspect of the present disclosure, a conductive interconnect
including an inorganic collar is described. The conductive interconnect includes a
conductive support layer. The conductive interconnect also includes a conductive
material on the conductive support layer. The conductive interconnect further includes
an inorganic collar partially surrounding the conductive material. The inorganic collar

is also disposed on sidewalls of the conductive support layer.

[0010] According another aspect of the present disclosure, a method for fabricating a
conductive interconnect including an inorganic collar is described. The method
includes fabricating a conductive material on a conductive seed layer. The method also
includes forming an organic collar to partially surround the conductive material. The
method further includes heating the conductive interconnect to transition the organic
collar into an inorganic collar that partially surrounds the conductive material. The
inorganic collar is also disposed on sidewalls of a conductive support layer from the

heating of the conductive interconnect.

[0011] According to a further aspect of the disclosure, a conductive interconnect
including an inorganic collar is described. The conductive interconnect includes a
conductive material on a conductive support layer. The conductive interconnect also
includes means for protecting the conductive material and the conductive support layer

of the conductive interconnect.

[0012] This has outlined, rather broadly, the features and technical advantages of the
present disclosure in order that the detailed description that follows may be better
understood. Additional features and advantages of the disclosure will be described
below. It should be appreciated by those skilled in the art that this disclosure may be
readily utilized as a basis for modifying or designing other structures for carrying out
the same purposes of the present disclosure. It should also be realized by those skilled

in the art that such equivalent constructions do not depart from the teachings of the
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disclosure as set forth in the appended claims. The novel features, which are believed to
be characteristic of the disclosure, both as to its organization and method of operation,
together with further objects and advantages, will be better understood from the
following description when considered in connection with the accompanying figures. It
is to be expressly understood, however, that each of the figures is provided for the
purpose of illustration and description only and is not intended as a definition of the

limits of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The features, nature, and advantages of the present disclosure will become more
apparent from the detailed description set forth below when taken in conjunction with

the drawings in which like reference characters identify correspondingly throughout.

[0014] FIGURE 1 is a block diagram illustrating a conventional plating method for

fabricating a copper pillar.

[0015] FIGURE 2 is a block diagram illustrating a conventional assembly process for

attaching a flip chip to a package substrate in which a solder bridge is formed.

[0016] FIGURE 3 is a block diagram illustrating a plating method for fabricating a
conductive interconnect including an inorganic collar according to one aspect of the
present disclosure, and further illustrates an exemplary embodiment of a conductive

interconnect including an inorganic collar.

[0017] FIGURE 4 is a block diagram illustrating an assembly process for attaching a
flip chip to a package substrate using conductive interconnects according to one aspect
of the present disclosure, and further illustrates an exemplary embodiment of a flip chip

package including conductive interconnects having inorganic collars.

[0018] FIGURE 5 is a block diagram illustrating a plating method for fabricating a
conductive interconnect including an inorganic collar according to another aspect of the
present disclosure, and further illustrates an exemplary embodiment of a conductive

interconnect including a single conductive material surrounded by an inorganic collar.

[0019] FIGURE 6 is a block diagram illustrating an assembly process for attaching a

flip chip to a package substrate using conductive interconnects according to another
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aspect of the present disclosure, and further illustrates an exemplary embodiment of a

flip chip package including conductive interconnects having inorganic collars.

[0020] FIGURE 7 is a block diagram illustrating a method for fabricating a conductive
interconnect including an inorganic collar according to one aspect of the present

disclosure.

[0021] FIGURE 8 is a block diagram showing an exemplary wireless communication
system in which a conductive interconnect including an inorganic collar of the

disclosure may be advantageously employed.

DETAILED DESCRIPTION

[0022] The detailed description set forth below, in connection with the appended
drawings, is intended as a description of various configurations and is not intended to
represent the only configurations in which the concepts described herein may be
practiced. The detailed description includes specific details for the purpose of providing
a thorough understanding of the various concepts. However, it will be apparent to those
skilled in the art that these concepts may be practiced without these specific details. In
some instances, well-known structures and components are shown in block diagram
form in order to avoid obscuring such concepts. As described herein, the use of the
term “and/or” is intended to represent an “inclusive OR”, and the use of the term “or” is

intended to represent an “exclusive OR”.

[0023] Aspects of the present application provide solutions for improved assembly of
integrated circuit (IC) devices (e.g., flip chip devices or micro-electromechanical
systems (MEMS) devices). For example, as shown in FIGURES 1 and 2, a non-
isotropic etch for removing a conductive seed layer 104 is performed to prevent shorting
between the copper pillars 120. Unfortunately, the etch process also over etches a
copper layer 122 of a pillar 120 and a conductive seed layer 104 to form an undercut
126. Furthermore, the undercut 126 reduces the contact area of the copper pillars 120
on the semiconductor substrate 102. The reduced contact area may degrade the

connectivity as well as the integrity of the copper pillars 120.

[0024] Conventional solutions for preventing the undercut 126 to the copper layer 122

include changing the etch process to reduce an amount of the undercut 126. Changing
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the etch process, however, involves a fundamental process change to develop a new etch
mechanism. Another conventional solution is increasing a bump diameter of the copper
pillars, for example, as shown in FIGURE 2. Increasing the bump diameter, however, is
limited by a bump pitch 204. When the clearance (e.g., the bump pitch 204) between
solder bumps 224 is reduced by the increased bump diameter, a solder bridge 226
develops after the thermal process to couple the solder bumps 224 of the copper pillars

220 to contact pads 262 of the package substrate 260 during flip chip assembly.

[0025] One aspect of the disclosure provides an inorganic collar for protecting a
conductive interconnect during a seed layer etch. The inorganic collar also prevents a
solder bridge from forming during chip attach. FIGURE 3 is a block diagram
illustrating a plating method 300 for fabricating conductive interconnects 340 including

an inorganic collar 350, according to one aspect of the present disclosure.

[0026] As shown in FIGURE 3, the conventional process of FIGURE 1 may be used to
form conductive material stacks 320 on a conductive seed layer 304 deposited on a
semiconductor substrate (wafer or die) 302. In one configuration, the conductive
material stacks 320 are used to form conductive interconnects following stripping of the
photo resist. The conductive material stacks 320 may by formed using an electroplating
process to grow a first conductive layer 322 and a second conductive layer 324, for
example, arranged as a conductive pillar. The first conductive layer 322 may include,
but is not limited to, copper (Cu), selenium (Ag), nickel (Ni), gold (Au), or other like
plated metal that will not melt during thermal treatment (e.g., reflow). The second
conductive layer 324 my include, but is not limited to, thorium (Sn), indium (In),

" bismuth (Bi), lead (Pb), tin (W) and/or silver (Sr), or other like plated metal or alloy that

will melt during thermal treatment (e.g., reflow).

[0027] In another aspect of the disclosure, a barrier layer (not shown) may be deposited
between the first conductive layer 322 and the second conductive layer 324. A
thickness of the first conductive layer 322 may be in the range of a few to hundreds of
microns. A thickness of the second conductive layer 324 may be in the range of a few
to hundreds of microns. Next, an organic spin on dielectric material 306 may be applied
on the conductive seed layer 304 and the conductive material stacks 320. In one
configuration, the organic spin on dielectric material 306 is a photosensitive spin on

- dielectric material that transitions from an organic material to an inorganic material
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following a thermal process. An example material is a photosensitive spin on dielectric

(PSOD) from AZ Electronic Materials.

[0028] As further shown in FIGURE 3, the organic spin on dielectric material 306 is
patterned using, for example, a photolithographic process to form an organic collar 310.
A thickness of the organic collar 310 may be in the range of a few hundred nanometers
to a few microns. Next, the conductive seed layer 304 is etched to form a conductive
support layer 330. This process may be performed using a non-isotropic etch that
removes the conductive seed layer 304 in all directions because excessive remaining
portions of the conductive seed layer 304 may cause faulty interconnect operation. In
this embodiment, the organic collar 310, however, protects the first conductive layer
322 of the conductive material stacks 320 and the conductive support layer 330 from the
over etching shown in FIGURE 1. Finally, a thermal process is performed to reflow the
second conductive layer 324 of the conductive material stacks 320 to form conductive
interconnects 340. Surface tension causes the round shape of the second conductive
layer 324. An alternative embodiment is shown in FIGURES 5 and 6, in which a single

conductive material 520/620 replaces the conductive material stacks 320.

[0029] In one configuration, the thermal process causes a transition of the spin on
dielectric material 306 of the organic collar 310 from an organic material to an
inorganic material that may be similar in composition to, for example, silicon dioxide
(Si0,). In this configuration, the inorganic material forms an inorganic collar 350 that
partially surrounds the conductive interconnects 340. In one aspect of the disclosure,
the inorganic collar 350 is composed of a curable inorganic material, including silicon,
that exhibits a thermal cross link reaction during the thermal process. As a result, the
thermal process for forming the inorganic collar 350 causes the spin on dielectric
material 306 to flow onto the sidewalls of the conductive support layer 330 prior to

curing into the inorganic collar 350.

[0030] In one aspect of the disclosure, a thermal crosslink reaction during the thermal
treatment causes the spin on dielectric material 306 of the organic collar 310 to flow
onto the conductive seed layer 304, In this aspect of the disclosure, a thermal cross link
reaction is a chemical reaction that joins the smaller molecules of the spin on dielectric
material 306 into a large network that forms a cured, solid matter of the inorganic collar

350. That is, the thermal treatment may cause the spin on dielectric material 306 to
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flow onto the sidewalls of the conductive support layer 330

[0031] Moreover, the inorganic collar 350 has good thermal conductivity. The
semiconductor substrate 302, including the conductive interconnects 340, may be
assembled into an integrated circuit (IC) device package. In this configuration, the
inorganic collar 350 provides an improved heat dissipation path when compared to the
other organic materials around the conductive interconnects 340, such as underfill
and/or molding compound of the assembled package. Thus, heat is easily dissipated
through the inorganic collar 350 of the conductive interconnects 340. In addition, the

inorganic collar 350 can withstand high temperatures.

[0032] FIGURE 4 is a block diagram illustrating an assembly process 400 for attaching
a semiconductor substrate (e.g., an IC device, such as a flip chip device or a MEMS
device) 402 to a package substrate 460 using conductive interconnects 440 according to
one aspect of the present disclosure. In this configuration, the semiconductor substrate
402 includes conductive interconnects 440 formed by the process shown in FIGURE 3
and separated by a distance (e.g., an interconnect pitch 406). Representatively, the
conductive interconnects 440 include a conductive material stack of a first conductive
layer 422 and a second conductive layer 424 formed on a conductive support layer 430
and surrounded by an inorganic collar 450. Following reflow, the second conductive
layer 424 of the conductive interconnects 440 couples to contact pads 462 of the

package substrate 460.

[0033] In this aspect of the disclosure, the use of the inorganic collar 450 protects the
composition of the first conductive layer 422 of the conductive interconnects 440 during
the seed layer etch to eliminate or reduce any undercutting to the first conductive layer
422. Protecting the composition of the first conductive layer 422 may increase an
extremely low-K (ELK) robustness and improve a interconnect fatigue life of the
conductive interconnects 440. In addition, the inorganic collar 450 prevents the solder
bridge problem shown in FIGURE 2. Eliminating the solder bridge problem enables a
further reduction of the interconnect pitch 406 to support fine pitch/size designs for
devices such as micro-electromechanical systems (MEMS) devices as well as flip chip
devices. Furthermore, eliminating undercutting maintains a diameter of the first
conductive layer 422 of the conductive interconnects 440 to provide an increased

contact area of the conductive interconnects 440 to the semiconductor substrate 402.
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The increased contact area may improve the connectivity as well as the integrity of the

conductive interconnects 440.

[0034] FIGURE 5 is a block diagram illustrating a plating method 500 for fabricating a
conductive interconnect 540 including an inorganic collar 550 according to another
aspect of the present disclosure. An exemplary embodiment of a conductive
interconnect 540 is supported by a semiconductor substrate 502. The conductive
interconnect 540 includes an inorganic collar 550 that surrounds a single conductive

material 520 and sidewalls of a conductive support layer 530.

[0035] As shown in FIGURE 3, the conventional process of FIGURE 1 may be used to
form a photoresist pattern 508. In step 3, a single conductive material 520 is
electroplated within the photoresist pattern 508 and on a conductive seed layer 504
deposited on a semiconductor substrate (wafer or die) 502. In step 4, the photoresist
pattern 508 is stripped to expose the single conductive material 520 and the conductive
seed layer 504. Steps 5 to 7 are similar to steps 5 to 7 in FIGURE 3, however, the
single conductive material 520 is provided in place of the conductive material stacks
320. As shown in step 8, the conductive interconnects 540 include the single
conductive material 520, which does not reflow during the thermal process to form the
inorganic collar 550. A thermal process causes the spin on dielectric material 506 to
flow onto sidewalls of the conductive support layer 530 prior to curing into the
inorganic collar 550 to complete formation of the conductive interconnects 540, as

shown in step 8.

[0036] FIGURE 6 is a block diagram illustrating an assembly process 600 for attaching
a semiconductor substrate (e.g., an IC device, such as a flip chip device or a MEMS
device) 602 to a package substrate 660 using conductive interconnects 640 according to
one aspect of the present disclosure. In this configuration, the semiconductor substrate
602 includes conductive interconnects 640 formed by the process shown in FIGURE 5
and separated by a distance (e.g., an interconnect pitch 606). Representatively, the
conductive interconnects 640 include a single conductive material 620 formed on a
conductive support layer 630 and surrounded by an inorganic collar 650. In this
configuration, the single conductive material 620 of the conductive interconnects 640
can be directly bonded to the conductive pads 662 using thermal compression bonding

or other like processes for applying a sufficient amount of heat and pressure to couple
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with the conductive pads 662. Following the thermal compression bonding, the single
conductive material 620 of the conductive interconnects 640 couples to the conductive

pads 662 to join the semiconductor substrate 602 to the package substrate 660.

[0037] FIGURE 7 is a block diagram illustrating a method 700 for fabricating a
conductive interconnect including an inorganic collar according to one aspect of the
present disclosure. In block 710, a conductive material is fabricated on a conductive
seed layer. For example, as shown in FIGURE 3, conductive material stacks 320 are
formed on a conductive seed layer 304 deposited on a semiconductor substrate 302. In
one configuration, the conductive material stacks 320 are used to form conductive
interconnects following stripping of a photoresist. The conductive material stacks 320
may by formed using an electroplating process to grow a first conductive layer 322
(e.g., copper (Cu), selenium (Ag), nickel (Ni), gold (Au)) and a second conductive layer
324 (e.g., thorium (Sn), indium (In), bismuth (Bi), lead (Pb), tin (W), and/or silver (Sr)).
Alternatively, a single conductive material 520 is fabricated on a conductive seed layer

504 deposited on a semiconductor substrate 502, as shown in FIGURE 5.

{0038] In block 712, an organic collar is formed to partially surround the conductive
material. For example, as shown in FIGURE 3, an organic spin on dielectric material
306 may be applied on the conductive seed layer 304 and the conductive material stacks
320. The organic spin on dielectric material 306 is patterned using, for example, a
photolithographic process to form the organic collar 310. Alternatively, an organic spin
on dielectric material 506 is applied on a conductive seed layer 504 and the single
conductive material 520. A photolithographic process forms the organic collar 510
around the single conductive material 520, as shown in FIGURE 5. At block 714, the
conductive seed layer is etched to form a conductive support layer. For example, as
shown in FIGURE 3, the conductive seed layer 304 is etched to form a conductive
support layer 330. As shown in FIGURE 5, the conductive seed layer 504 is etched to

form a conductive support layer 530.

[0039] Referring again to FIGURE 7, in block 716, the conductive interconnect is
subjected to a thermal process (i.e., heated) to transition the organic collar into an
inorganic collar that partially surrounds the conductive material. The inorganic collar is
disposed on sidewalls of a conductive support layer. In the configuration shown in

FIGURE 3, the inorganic collar 350 is composed of a curable inorganic material that

10
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exhibits a thermal cross link reaction during the thermal process. As a result, the
thermal process for forming the inorganic collar 350 causes the spin on dielectric
material 306 to flow onto sidewalls of the conductive support layer 330 prior to curing

into the inorganic collar 350.

[0040] Accordingly, the method 700 of FIGURE 7 may be carried out by the structures
and components described above in relation to FIGURES 3 and 4. Alternatively, as
shown in FIGURE 6, a spin on dielectric material 506 is applied to the conductive seed
layer 504 and a single conductive material 520. The organic spin on dielectric material
506 is patterned using, for example, a photolithographic process to form the organic
collar 510. The conductive seed layer 504 is then etched to form a conductive support
layer 530. A thermal process causes the spin on dielectric material 506 to flow onto
sidewalls of the conductive support layer 530 prior to curing into the inorganic collar
550, as shown in FIGURE 5. This alternative method may be carried out by the

structures and components described in relation to FIGURES 5 and 6.

[0041] As noted, etch loss to a conductive material during a seed layer etch process is a
concern for the conductive material(s) during the conductive interconnect formation
process, for example, as shown in FIGURES 3 to 7. The method 700 may protect the
first conductive material 522 of the conductive material stacks 320 or a single
conductive material 520 during the seed layer etch process. After the plating photoresist
is stripped, an organic spin on dielectric material 306/506 (e.g., a photosensitive spin on
dielectric material) is coated on the conductive material stacks 320 or the single
conductive material 520. This dielectric material 306/506 is patterned using a
photolithographic process to form an organic material having a collar structure (e.g., the
organic collar 310/510) around the conductive material stacks 320 or the single
conductive material 520. During seed etch, the organic collar 310/510 can protect the
conductive material stacks 320 or the single conductive material 520 from over etching.
As shown in FIGURE 3, a thermal process reflows the second conductive layer 324 of
the conductive material stacks 320 to form the conductive interconnects 340 including
the inorganic collar 350. As shown in FIGURE 5, the conductive interconnects 540
include the single conductive material 520, which does not reflow during the thermal

process to form the inorganic collar 550.

[0042] In this aspect of the disclosure, a thermal process causes a transition of the spin

11
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on dielectric material 306/506 from an organic material to an inorganic material, such as
silicon dioxide (SiO,). In addition, the thermal process causes the spin on dielectric
material 306/506 to flow onto the sidewalls of the conductive support layer 330/530 to
form the inorganic collar 350/550. The inorganic collar 350 around the conductive
material stacks 320 also prevents the solder bridge problem during semiconductor chip
assembly. Eliminating the solder bridge problem enables a further reduction of the
interconnect pitch to support fine pitch/size designs for semiconductor devices.
Furthermore, eliminating undercutting maintains a diameter of the first conductive layer
422 or the single conductive material 520 of the conductive interconnects 440/540. This
configuration provides an increased contact area of the conductive interconnects
440/540 to the semiconductor substrate 402/502. The increased contact areas also
improve the connectivity as well as the integrity of the conductive interconnects

440/540.

[0043] In one configuration, a conductive interconnect includes a conductive material
on a conductive support layer. The conductive interconnect also includes means for
protecting the conductive material and the conductive support layer of the conductive
interconnect. The protecting means may partially surround the conductive material and
is disposed on sidewalls of the conductive support layer. In one aspect, the protecting
means may be the inorganic collar 350/450/550/650 configured to perform the functions
recited by the protecting means. In another aspect, the aforementioned means may be
any component or any structure configured to perform the functions recited by the

aforementioned means.

[0044] FIGURE 8 shows an exemplary wireless communication system 800 in which a
configuration of the disclosed conductive interconnect including the inorganic collar
may be advantageously employed. For purposes of illustration, FIGURE 8 shows three
remote units 820, 830, and 850 and two base stations 840. It will be recognized that
wireless communication systems may have many more remote units and base stations.
Remote units 820, 830, and 850 include conductive interconnects 825A, 825B, and
825C, respectively. FIGURE 8 shows forward link signals 880 from the base stations
840 and the remote units 820, 830, and 850 and reverse link signals 890 from the remote
units 820, 830, and 850 to base stations 840.

[0045] In FIGURE 8, the remote unit.820 is shown as a mobile telephone, remote unit

12



WO 2014/070926 PCT/US2013/067568

830 is shown as a portable computer, and remote unit 850 is shown as a fixed location
remote unit in a wireless local loop system. For example, the remote units may be cell
phones, hand-held personal communication systems (PCS) units, a set top box, a music
player, a video player, an entertainment unit, a navigation device, portable data units,
such as personal data assistants, or fixed location data units such as meter reading
equipment. Although FIGURE 8 illustrates remote units, which may employ
conductive interconnects according to the teachings of the disclosure, the disclosure is
not limited to these exemplary illustrated units. For instance, the conductive
interconnects according to configurations of the present disclosure may be suitably

employed in any device.

[0046] Although specific circuitry has been set forth, it will be appreciated by those
skilled in the art that not all of the disclosed circuitry is required to practice the
disclosed configurations. Moreover, certain well known circuits have not been
described, to maintain focus on the disclosure. Similarly, although the relative terms
“upper” and “lower” are used, these terms are non-limiting. For example if a device is
rotated by 90 degrees the terms “upper” and “lower” would refer to “left most” and

“right most” portions.

[0047] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the

scope of the present disclosure.

[0048] The steps of a method or algorithm described in connection with the disclosure
herein may be embodied directly in hardware, in a software module executed by a

processor, or in a combination of the two.
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[0049] The methodologies described herein may be implemented by various
components depending upon the application. For example, these methodologies may be
implemented in hardware, firmware, software, or any combination thereof For a
hardware implementation, the processing units may be implemented within one or more
application specific integrated circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic devices (PLDs), field
programmable gate arrays (FPGASs), processors, controllers, micro-controllers,
microprocessors, electronic devices, other electronic units designed to perform the

functions described herein, or a combination thereof.

[0050] For a firmware and/or software implementation, the methodologies may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. Any machine-readable medium tangibly embodying
instructions may be used in implementing the methodologies described herein. For
example, software codes may be stored in a memory and executed by a processor unit.
Memory may be implemented within the processor unit or external to the processor unit.
As used herein the term "memory" refers to any type of long term, short term, volatile,
nonvolatile, or other memory and is not to be limited to any particular type of memory

or number of memories, or type of media upon which memory is stored.

[0051] If implemented in firmware and/or software, the functions may be stored as one
or more instructions or code on a computer-readable medium. Examples include
computer-readable media encoded with a data structure and computer-readable media
encoded with a computer program. Computer-readable media includes physical
computer storage media. A storage medium may be any available medium that can be
accessed by a computer. By way of example, and not limitation, such computer-
readable media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other medium
that can be used to store desired program code in the form of instructions or data
structures and that can be accessed by a computer; disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy
disk and blu-ray disc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the above should also be included

within the scope of computer-readable media.
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[0052] In addition to storage on computer readable medium, instructions and/or data
may be provided as signals on transmission media included in a communication
apparatus. For example, a communication apparatus may include a transceiver having
signals indicative of instructions and data. The instructions and data are configured to

cause one or more processors to implement the functions outlined in the claims.

[0053] Although the present disclosure and its advantages have been described in detail,
it should be understood that various changes, substitutions and alterations can be made
herein without departing from the technology of the disclosure as defined by the
appended claims. For example, relational terms, such as “above” and “below” are used
with respect to a substrate or electronic device. Of course, if the substrate or electronic
device is inverted, above becomes below, and vice versa. Additionally, if oriented
sideways, above and below may refer to sides of a substrate or electronic device.
Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As one of ordinary skill in the
art will readily appreciate from the disclosure, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presently existing or later to be
developed that perform substantially the same function or achieve substantially the same
result as the corresponding embodiments described herein may be utilized according to
the present disclosure. Accordingly, the appended claims are intended to include within
their scope such processes, machines, manufacture, compositions of matter, means,

methods, or steps.
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CLAIMS

WHAT IS CLAIMED IS:

1. A conductive interconnect, comprising:

a conductive support layer;

a conductive material on the conductive support layer; and

an inorganic collar partially surrounding the conductive material and disposed

on sidewalls of the conductive support layer.

2. The conductive interconnect of claim 1, in which the inorganic collar

comprises a photosensitive spin on dielectric.

3. The conductive interconnect of claim 2, in which the inorganic collar

comprises silicon dioxide.

4. The conductive interconnect of claim 1, in which an organic material of an

organic collar transitions to an inorganic material following a thermal process.

5. The conductive interconnect of claim 1, coupled to a contact of a packaging

substrate.

6. The conductive interconnect of claim 1, in which the conductive material

comprises a conductive material stack arranged as a conductive pillar.

7. The conductive interconnect of claim 1, coupled to a semiconductor substrate

of a micro-electromechanical systems (MEMS) device.

8. The conductive interconnect of claim 1, coupled to a semiconductor substrate

of a flip chip device.

9. The conductive interconnect of claim 1, integrated into a mobile phone, a
set top box, a music player, a video playér, an entertainment unit, a navigation device, a
computer, a hand-held personal communication systems (PCS) unit, a portable data unit,

and/or a fixed location data unit.

10. A method of fabricating a conductive interconnect, comprising:

fabricating a conductive material on a conductive seed layer;

16
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forming an organic collar to partially surround the conductive material; and
heating the conductive interconnect to transition the organic collar into an
inorganic collar that partially surrounds the conductive material and is disposed on

sidewalls of a conductive support layer.

11.  The method of claim 10, further comprising forming the organic collar
by:

depositing a photosensitive spin on dielectric material on the conductive
material; and

patterning the photosensitive spin on dielectric material.

12. The method of claim 10, further comprising depositing the conductive seed

layer on a semiconductor substrate.

13. The method of claim 10, further comprising etching the conductive seed

layer to form the conductive support layer.

14. The method of claim 10, further comprising fabricating the conductive
material by:

depositing a first conductive layer on the conductive support layer;

depositing a second conductive layer on the first conductive layer; and

depositing a barrier layer between the first conductive layer and the second

conductive layer to form a conductive material stack.

15.  The method of claim 14, in which the heating further comprises
reflowing the second conductive layer of the conductive material stack to transition the
organic collar from an organic material that partially surrounds the conductive material

stack and is disposed on the sidewalls of the conductive support layer.

16. The method of claim 10, further comprising integrating the conductive
interconnect into a mobile phone, a set top box, a music player, a video player, an
entertainment unit, a navigation device, a computer, a hand-held personal
communication systems (PCS) unit, a portable data unit, and/or a fixed location data

unit.

17. A conductive interconnect, comprising:

17
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a conductive material on a conductive support layer; and
means for protecting the conductive material and the conductive support layer of

the conductive interconnect.

18. The conductive interconnect of claim 17, in which the conductive

material comprises a conductive material stack that is arranged as a conductive pillar.

19. The conductive interconnect of claim 18, in which the conductive
material stack comprises a first conductive layer comprised of copper (Cu), selenium
(Ag), nickel (Ni), and/or gold (Au), and a second conductive layer comprised of thorium
(Sn), indium (In), bismuth (Bi), lead (Pb), tin (W), and/or silver (Sr), and a barrier layer

between the first conductive layer and the second conductive layer.

20. The conductive interconnect of claim 17, integrated into a mobile phone,
a set top box, a music player, a video player, an entertainment unit, a navigation device,
a computer, a hand-held personal communication systems (PCS) unit, a portable data

unit, and/or a fixed location data unit.
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