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DIRECT DEVICE ATTACHMENT ON
DUAL-MODE WIREBOND DIE

BACKGROUND

Bare electronic chips typically need to be housed in a
package that provides an electrical connection between each
external electrical contact on the chip to an external electrical
contact or terminal of the package, such as, a package con-
nector, pin or ball that allows electrical connection of the
package to further external circuitry, such as a printed circuit
board. Electrical contacts or pads situated on the top face of
the chip typically facilitate electrical continuity between the
circuit side of the interior of the chip to the external packaging

2

well-known methods, procedures, and components have not
been described in detail so as not to obscure claimed subject
matter.

The terms chip, die, integrated circuit, and microelectronic
device, are used interchangeably in this description. In this
description, the term solder, solder bumps and solderable
applies both to substantially pure single metallic elements
and to alloys or combinations of two or more elements, at
least one of which is a metallic element. The term substrate,
interposer or core generally refers to the physical that is the
basic workpiece that is transformed by various process opera-
tions into the desired microelectronic configuration. Sub-
strates may include conducting material (such as copper or
aluminum), insulating material (such as sapphire, ceramic, or

connections of the chip. Electrical continuity between the 15 plas?ic), semiconducting rpate.rials (such as silicop), non-
pads on the top f.ace of the chip to the package terminals is semlcon(.iuctlng, or comb{natlons of semlconfiuctlng and
enabled through interconnect technology, such as wirebond non-semiconducting materials. In some embodiments, sub-
or flip-chip. strates include layered structures, such as a core sheet or piece
A package may have a non-conductive substrate (such as a " ofrliat?rsﬁl (suclh as 1rop—nlzlé§}§;13¥)tchosen lf or 11ts a C(t)e}i;ﬁ -
- - - - : cient of thermal expansion at more closely matches
plastic film or layer) with confiuctlve traces (leres) onorina the CTE of an adja%ent structure such as a silicon};)rocessor
surface of the substrate. Typically, either flip-chip connec- chip. In some embodiments, such a substrate core is lami
tions or wirebond may connect a chip to the package. Some ) S . )
: . . . nated to a sheet of material chosen for electrical and/or ther-
packages include multiple chips, such as one or more logic or mal conductivity (suchas a copperor aluminum alloy), which
rocessor chips, one or more communications chips (such as . . R L P
Ifjor a cell plﬁ)ne or wireless LAN), and/or ong o(r more 25 inturn is covered with a layer of plastic chosen for electrical
memory chips, such as a FLASH-typej reprogrammable non- insulation, stability, and embossing characteristics. In some
. ’ . . embodiments, the plastic layer has wiring traces that ca
volatile memory. Optionally, a cover or encapsulant is used to signals and electricgl power}lllon'zontally in d vias that cagyy
enclose the chip or chips. . ; . ’
Wirebond P K P d flip-chi " b d signals and electrical power vertically between layers of
wrebond packages and flip-chip packages may be used 10 3, ya065 The term solder resist generally refers to substantially
package one or more integrated cireuit ) .dl.e' Inawirebond homogeneous or heterogeneous non-metallic, non-electri-
package, ?n uppfe r S“?f"‘ge oé"a wEebondlii 1e1s COTuIIl) leitp an cally conductive elements or materials on the surface of the
SPPET sur acer(} a er? ond package suhst?te. F chip ,0}1; substrate. The term solder flux generally refers to substan-
1€ ottorp surlace or lace, opposite to the die top face wit tially homogeneous or heterogeneous materials used to facili-
the electrical contacts, is first attached to the top face of a 35 tate the joining or connection between two metal surfaces
wgebond subst.rate and then connected to the package by fine The term prefluxing generally refers to applying solder flux
wires o elec.trlcally connect the contacts or pads at the top between either one or both metal surfaces before they are
face of the wirebond die to corresponding electrical contacts joined. The term reflow generally refers to applying thermal
,Of the. top face of the win ebor}d package sub.str ate. In cogtra st, stress and melting either one or both metal surfaces to achieve
ina flip-chip package, the Chlp ordieis first 1nven§d orflipped ;e joint between them. The term defluxing generally refers to
such that the top face of the die faces correspo.ndmg Copta(.:ts removing substantially homogeneous or heterogeneous
on the top fape of the substratg and .electr ical continuity materials used to facilitate the connection between two metal
between the die and the substrate is achieved through electri- surfaces. The term passivation generally refers to substan-
cal interconnects, SUCh as sqlder or copper bumps, to connect tially homogeneous or heterogeneous non-metallic, non-
the top face of a flip-chip die to the top face of the substrate. electrically conductive elements or materials on the surface of
the die. The term micropassivation generally refers to sub-
BRIEF DESCRIPTION OF THE DRAWINGS stantially homogeneous or heterogeneous non-metallic, non-
electrically conductive elements or materials on the surface of
FIG. 1is a cross-sectional side view of a particular embodi- the die that are substantially thinner than normal passivation.
mentof'a dual-mode die package and flip-chip package stack. 50 The term silicon through vias is defined to mean conductive
FIG. 2 is a plan view of a particular embodiment of a openings through the thickness of the silicon connecting the
dual-mode die. front surface of a flip-chip or dual-mode die to the opposite or
FIG. 3 is a cross-sectional side view of a particular embodi- ~ Pottom side of the dual-mode or flip-chip die. The term ver-
ment of a dual-mode die and multiple flip-chip die stacked. tical is defined to mean substantially perpendicular to the
FIG. 4 s a cross-sectional side view of a particular embodi- ~° 9O surface of a substrate. Height or depth refers to a
ment 0'f a dual-mode die and multinle fli ?chi die stack distance in a direction perpendicular to the major surface of a
. . P ; p-ciip ] ’ substrate. The term stacking is defined to mean physically
FIG.S is a block diagram of a particular embodiment of a locating directly above or substantially perpendicular to the
process for assembling a flip-chip die over a dual-mode die. major surface of a die or substrate. The terms metal, metal
60 line, trace, wire, conductor, signal path and signaling medium

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth in order to provide a thorough understand-
ing of claimed subject matter. However, it will be understood
by those skilled in the art that claimed subject matter may be
practiced without these specific details. In other instances,

6
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are all related. The related terms listed above, are generally
interchangeable, and appear in order from specific to general.

In this field, metal lines are sometimes referred to as traces,
wires, lines, interconnect or simply metal. Metal lines, gen-
erally copper (Cu) or an alloy of Cu and another metal such as
nickel (Ni), aluminum (Al), titanium (Ti), molybdenum
(Mo), or stacked layers of different metals, alloys or other
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combinations, are conductors that provide signal paths for
coupling or interconnecting, electrical circuitry. Conductors
other than metal are available in microelectronic devices.
Materials, such as doped polysilicon, doped single-crystal
silicon (often referred to simply as diffusion, regardless of
whether such doping is achieved by thermal diffusion or ion
implantation), titanium (T1), molybdenum (Mo), and refrac-
tory metal silicides, are examples of other conductors. The
term wafer level is defined to mean substantially processing
several die in fabrication on a single wafer. The term sort is
defined to mean a sequence in wafer level fabrication to test
the quality of individual die on a wafer. The term singulation
or die preparation is defined to mean an excising an individual
die from a wafer after wafer level fabrication.

Various stacking arrangements may be used to vertically
stack and interconnect multiple wirebond die and separately
to vertically stack and interconnect flip-chip die or to verti-
cally stack and interconnect both wirebond and flip-chip die
to achieve three dimensional (3D) packaging to improve chip
to package interconnection density where space is limited
(for example, in cell phones or flash cards or USB memory
sticks and/or other consumer electronic devices). Typical
arrangements include: several wirebond die stacked verti-
cally with or without spacers, a wirebond die stacked above a
flip-chip die, a flip-chip die stacked vertically above another
flip-chip die using through silicon vias and package-on-pack-
age (PoP), such as an assembled flip-chip package placed
above an assembled wirebond package in which the top flip-
chip package is connected to a bottom wirebond die through
another substrate or interposer.

FIG. 1 is a side view of a particular embodiment of a
flip-chip die 12 vertically stacked above a wirebondable dual-
mode die 10 without an intervening substrate, interposer or
silicon through vias. In a particular embodiment, dual-mode
die 10 may comprise both wirebondable and flip-chip solder-
able electrical connectors and may be capable of bonding by
wires as well as flip-chip solder balls/bumps. Such wirebond-
able and flip-chip solderable electrical connectors may be
conductive pillars 30 and/or conductive elements 40. Accord-
ing to a particular embodiment, a variety of flip-chip die12 to
dual-mode die 10 stacked die arrangements may be made.
Such arrangements may combine different silicon-process
generations and circuits, such as analog, digital logic and
memory silicon technology. Dual-mode die 10 may enable
reduced assembly steps for system-in-a-package (SIP)
assembly, by mating flip-chip silicon directly to wirebond-
able silicon and potentially avoiding a separate underfill step
for the flip-chip silicon. Such a direct connection may sub-
stantially overcome problems related to the differences in
relative thermal expansion coefficients between silicon and
the substrate to which flip-chip die 10 may normally be
attached. In a particular embodiment, the entire dual-mode
die 10 to flip-chip die 12 assembly may be subsequently
overmolded in one step for packaging. Attaching flip-chip die
12 directly to dual-mode die 10 may reduce the thermal-
dissipation path between the two die and enable better heat
conduction through the silicon either to the bottom or the top
of the package (not shown). However, this is merely an
example of a method of vertically stacking a flip-chip die
directly above a dual-mode die and claimed subject matter is
not so limited.

According to a particular embodiment, dual-mode die 10
may comprise one or more conductive pillars 30 capable of
being bonded with one or more wires 50 and/or bonding to
one or more solderable bumps 16 of flip-chip die 12. In a
particular embodiment, conductive pillars 30 may comprise
metal-defined or “solder-resist” defined geometries. In a par-
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ticular embodiment, conductive pillars 30 may be formed by
passivating a copper-metallization layer with micropassiva-
tion. Defining solder-resist openings in a inicropassivation
layer may be accomplished using conventional wafer-level
photoimaging and etching methods. However, this is merely
an example of a method of fabricating conductive pillars and
claimed subject matter is not so limited.

Ina particular embodiment, flip-chip die 12 may be stacked
directly above dual-mode die 10. Such stacking of flip-chip
die 12 directly above dual-mode die 10 may be arranged
without inserting an interposer between dual-mode die 10 and
flip-chip die 12. According to a particular embodiment, this
arrangement may achieve interconnectivity between the top
surface of flip-chip die 12 to the top surface of a dual-mode
die 10 without the use of silicon through vias.

FIG. 4 illustrates two alternative die-stacking arrange-
ments on a single dual-mode die 10. In a first die-stacking
arrangement 400, in a particular embodiment, flip-chip die 12
may be stacked vertically above dual-mode die 10, such that
the top face 14 of flip-chip die 12 faces away from top face 17
of'dual-mode die 10. Hence, bottom face 18 of flip-chip die 12
may face top face 17 of dual-mode die 10. According to a
particular embodiment, interconnectivity may be achieved by
through-silicon vias 15. Such through-silicon vias 15 may
extend from top face 14 of flip-chip die 12 to bottom face 18
of flip-chip die 12 and may be connected to corresponding
solderable pads 19 of dual-mode die 10.

In a second die-stacking arrangement 402, in a particular
embodiment, vertically stacked flip-chip die 12 may be inter-
connected by through silicon vias 15 and may be positioned
directly above dual-mode die 10. Through-silicon vias 15 in
bottom face 18 of the bottom most flip-chip die 12 in the
flip-chip die stack § 1 may be connected to solderable pads 19
on top face 17 of dual-mode die 10 to interconnect flip-chip
die stack 61 and dual-mode die 10. In a particular embodi-
ment, stacking flip-chip die directly over dual-mode die 10
may reduce the overall height of such a multi-chip assembly.
However, these are merely examples of methods of stacking
one or more flip-chip die directly above a dual-mode die and
claimed subject matter is not so limited.

Returning to FIG. 1, in a particular embodiment, flip-chip
die 12 may be connected to dual-mode die 10 via one or more
copper pillars 30 by prefluxing solder bumps 16 either on
flip-chip die 12 or dual-mode die 10 or both. In a particular
embodiment, conventional fluxing, reflow and defluxing
methods for bonding surface mount and flip-chip die attach
may be re-used in an assembly process. Alternatively, the
dual-mode die 10 may be prefluxed by printing or spraying
prior to attachment of the flip-chip die 12. However, this is
merely an example of a method of assembling a flip-chip die
directly above a dual-mode die and claimed subject matter is
not so limited.

In a particular embodiment, flip-chip die 12 may be
attached to dual-mode die 10 prior to sort, singulation/die
preparation. In a particular embodiment, attaching one or
more flip-chip die 12 to dual-mode die 10 may enable a
“known good” pre-assembly test strategy or module because
the dual-mode die 10 may have exposed test sites accessible
during assembly. Such test sites may include any exposed
copper pillars used for wirebonding on the periphery of dual-
mode die 10. Such an assembly may be pre-tested prior to
subsequent packaging to improve yields or reworkability.
However, this is merely an example of a “known good” pre-
assembly test strategy or module and claimed subject matter
is not so limited.

Referring still to FIG. 1, according to a particular embodi-
ment, dual-mode die 10 and flip-chip die 12 may comprise
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integrated electrical devices (not shown) capable of providing
microprocessor functionality and may be fabricated using
any suitable materials and fabrication techniques. In a par-
ticular embodiment, dual-mode die 10 may define a plurality
of apertures 31. According to a particular embodiment, at
least one of conductive elements 40 may be disposed on
and/or in one or more of the plurality of apertures 31 and may
be electrically connected to a first electrical conductor via the
one or more apertures 31. In a particular embodiment, con-
ductive elements 40 are positioned on a top surface of dual-
mode die 10 and may have a portion of the conductive ele-
ment 40 substantially within one or more of apertures 31. In
a particular embodiment, one or more conductive pillars 30
may be disposed on and/or in one or more of the plurality of
apertures 31 and may be electrically connected to a second
electrical conductor through apertures 31. In a particular
embodiment, one conductive pillar 30 may be positioned on a
top surface of dual-mode die 10 and may have a portion of the
one conductive pillar 30 substantially within an aperture 31.

In a particular embodiment, electrical devices of dual-
mode die 10 and flip-chip die 12 may be-electrically con-
nected to one or more conductive pillars 30 and/or conductive
elements 40. According to a particular embodiment, the elec-
trical devices of dual-mode die 10 and flip-chip die 12 may
therefore also be connected to wires 50 and/or solder bumps
16 via pillars 30 and elements 40. In a particular embodiment,
wires 50 and/or solder bumps 16 connected to conductive
pillars 30 may carry input/output (110) signals and wires 50
and/or solder bumps 16 connected to conductive elements 40
carry power or ground signals. In a particular embodiment,
power delivery grids 70 may be capable of delivering power
and ground signals to electrical devices of dual-mode die 10
and flip-chip die 12.

In a particular embodiment, connections from dual-mode
die 10 to flip-chip die 12 may be made via one or more wires
50 and/or conductive pillars 30 either through the underlying
dual-mode die 10 circuitry and power grid 70 or through
conductive elements 40 on the surface of dual-mode die 10.
Conductive pillars 30 in dual-mode die 10 may be connected
directly to underlying die circuitry and power grid 70 through
predefined passivation openings (not shown) and/or a circuit
(not shown) comprising the same surface copper metalliza-
tion used to create conductive pillars 30. In a particular
embodiment, copper pillars 30 may be connected to periph-
eral wirebond pads and/or solder bumps 16 either via one or
more conductive elements 40 or via metal layers of power
grid 70 or a combination of the two. Such connection may
enable flip-chip die 12 to share the same power and ground
rails 70 with dual-mode die 10. In a particular embodiment,
power-delivery grids 70 may be composed of any suitable
material, such as, for instance, 1 pum thick copper and/or
aluminum within the internal circuitry of dual-mode die 10.
Alternatively, this circuit created by the surface conductive
elements 40 could also be used to interconnect portions of the
flip-chip die that are not normally connected internally to
create new product variation by interconnecting, disabling or
enabling product feature sets by external connections
between pads of the flip chip die. An example would be if
there is a need to connect a dedicated set of I/O on the east side
of'the flip-chip silicon to another set of I/O on the west side as
a fusing or binning option to enable a unique feature set at the
original equipment manufacturer or customer site, then the
electrical connection is made through the surface circuitry 40
on the dual-mode die instead of through the flip-chip silicon
internal circuitry. However, this is merely an example of a

35
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method of providing electrical interconnections between
dual-mode die and flip-chip die and claimed subject matter is
not so limited.

FIG. 1 illustrates dual-mode die 10 coupled to substrate 60.
In a particular embodiment, substrate 60 may comprise
dielectric layers 68 with conductive materials 66 fabricated
thereon. The dielectric layers 68 may be composed of any
suitable material, including but not limited to bismaleimide
triazine (BT) and FR4 in some embodiments. The conductive
layers may comprise reference planes for supplying reference
voltages to electrical components that may be connected to
substrate 60, or routing layers including conductive traces for
carrying electrical signals between such electrical compo-
nents. In a particular embodiment, substrate 60 includes con-
tacts 62 to electrically connect wires 50 to the conductive
layers. However, this is merely an example of an IC package
substrate layout and claimed subject matter is not so limited.

FIG. 2 is a plan view of dual-mode die 10 according to a
particular embodiment. Dual-mode die 10 may comprise
conductive pillars 30, conductive elements 40 disposed
thereon, and wires 50 bonded to one or more conductive
pillars 30 and/or conductive elements 40. In a particular
embodiment, two wires 50 may be connected to a single
conductive pillar 30 (illustrated with element 51). These two
wires 51 are asymmetric according to some embodiments.
Connecting two or more asymmetric wires to a pillar 30 may
reduce a wire-resistance-based voltage drop between pack-
age substrate 60 and the pillar 30 in comparison to single-wire
arrangements, and may also reduce crosstalk between two
wires 51. Alternatively, referring again to FIG. 1, solder bump
16 may be coupled to conductive element 40 and a wire 50
may also be connected to the same conductive element. This
may reduce a resistance-based voltage drop between package
substrate 60 and the inner most sections of either flip-chip die
12 or the dual-mode die 10. This is achieved by channeling
any direct or return-path currents through the conductive
elements 40 instead of solely relying on the inner power or
ground circuitry and rails 70 embedded in the dual-mode die
or the flip-chip die to distribute current profiles from the
periphery to the center of either flip-chip or the dual-mode
die. A greater current may be channeled though conductive
elements 40 rather than the embedded circuitry in the silicon
70 because conductive element 40 may typically be 50 to 100
times thicker than the internal circuitry malting up power grid
70. In one embodiment the internal circuitry metallization
may be 1.0 um thick whereas the metal thickness of the
surface conductive element 40 may be 60.0 um, for instance.
However, this is merely an example of a method of reducing
aresistance-based voltage drop between the periphery and the
interior portions of either flip-chip or dual-mode die and
claimed subject matter is not so limited.

In a particular embodiment, conductive pillars 30 and con-
ductive elements 40 may comprise copper or any other con-
ductive wire-bondable material. According to a particular
embodiment, conductive pillars 30 and conductive elements
40 may be fabricated using any suitable techniques that are or
become known. According to a particular embodiment, con-
ductive pillars 30 and conductive elements 40 may be fabri-
cated simultaneously using a copper-electrode-position pro-
cess along with established standard photolithographic-
masking techniques. However, these are merely examples of
materials and methods for fabricating conductive pillars and
conductive elements and claimed subject matter is not so
limited.

Returning to FIG. 2, many different layouts of conductive
elements 40 and/or copper pillars 30 may be used in conjunc-
tion with some embodiments. Additionally or alternatively,
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various embodiments may utilize many different wire-bond-
ing patterns. In a particular embodiment, wires 50 and/or
solder bumps 16 (as shown in FIG. 1) may be bonded to
conductive pillars 30 and may carry 110 signals, while wires
50 and/or solder bumps 16 bonded to conductive elements 40
may carry power and ground signals. As shown, some wires
50 are used to directly connect two conductive elements 40.
Such wires may reduce a voltage drop in dual-mode die 10.
However, this is merely an example of a particular layout of

8

apertures, the conductive pillars electrically con-
nected to the plurality of second electrical conductors
through the respective apertures,
wherein the plurality of second electrical conductors are is
substantially centrally disposed on a top surface of the
dual-mode integrated circuit and wherein the plurality of
first electrical conductors are substantially disposed ona
periphery of the top surface of the dual-mode integrated
circuit and wherein one or more electronic devices being

conductive elements and copper pillars and claimed subject 10 electrically connected to the dual-mode integrated cir-
matter is not so limited. cuit via electrical contacts bonded to the plurality of

In a particular embodiment, mixed device and interconnect second electrical conductors and a plurality of wires are
stackability may be enabled by locating and attaching mul- coupled to the plurality of first electrical conductors and
tiple flip-chip die or surface mount components, such as dual- respective electrical contacts on a package substrate.
terminal (27T) discrete resistors, inductors or capacitors, volt- 15 2. The apparatus of claim 1 further comprising one or more
age regulators, low pin-count chip-scale or wafer-level electronic devices electrically connected to the dual-mode
devices above a dual-mode die. FIG. 3 illustrates an assembly integrated circuit via one or more soldered contacts bonded to
300 comprising dual-mode die 90 interconnected with flip- one or more of the electrical connectors.
chip die 25 and passive device 26. However, this is merely an 3. The apparatus of claim 2 wherein one or more of the
example of a method of connecting multiple devices above a 20 electronic devices comprises: a flip-chip integrated circuit, a
dual-mode die and claimed subject matter is not so limited. passive device or an analog device, or combinations thereof.

FIG. 5 is a flow diagram illustrating a particular embodi- 4. The apparatus of claim 2 wherein the dual-mode inte-
ment of an assembly process 500 for assembling a flip-chip grated circuit further comprises;
die above a dual-mode die without a separate underfill step. In a power grid comprising power and ground metal layers,
a particular embodiment, at processing step 502 a dual-mode 25 the power grid electrically coupled to one or more elec-
die comprising copper pillars and conductive elements may tronic devices via at least one of the electrical connec-
be fabricated with or without a micropassivation layer. If a tors.
micropassivation layer is used, the process flows to process- 5. The apparatus of claim 2 further comprising a surface
ing step 504, where dual-mode die is blanketed withalayerof  [ayer circuit capable of interconnecting one or more elec-
micropassivation. At processing step 506 openings are made 30 {.01i0 devices to the dual-mode integrated circuit.
only in those sections of the copper pillars or conductive 6. The apparatus of claim 1 further comprising two or more
elements where corresponding connections will need to be electronic devices stacked vertically above the dual-mode
made to the flip-chip die. This approach allows the electrical die, the electronic devices being electrically connected to
interconnection between the two die while providing electri- each other via silicon through hole vias and wherein a bot-
cgl 1nsulat%on between ad]acer}t surface 01.rcu1t element§ 400r 35 0 oiost electronic device is further electrically coupled to
pillars 30 in the dual-mode die. In a particular embodiment, e qyal-mode integrated circuit via one or more soldered
the process flows to processing step 508, where aflip-chipdie o pacts bonded to one or more of the electrical connectors.
may be prefluxed with an appropriate Wa,ter'scflub,le and/or 7. The apparatus of claim 6 wherein one or more of the
no—glg an ﬂux.. Atprocessing step 510, the ﬂlp'Chlp die maybe electronic devices comprises: a flip-chip integrated circuit, a
positioned directly above the dual-mode die. At processing 40 passive device or an analog device, or combinations thereof.
step 512 the dual-mode die and flip-chip die may be thermo- 8. Th : " .

. : . . The apparatus according to claim 1, wherein the one or
compression reflowed. At processing step 514, after reflow, if more conductive pillars are formed from copper.
a water-soluble flux was used, the remnant flux may be 9. Th tus of claim 8. furth A
removed by aqueous treatment. If no-clean flux is used rem- 1 ) e.apé) aratus 01 cam H’ e con(lipnsu}llg o(rilea?rmosle
nant flux may remain. However, this is merely an example of 45 electronic devices electrically connected 1o the dual-mode

. . L . integrated circuit via one or more soldered contacts bonded to

aprocess forassembling a flip-chip die above a dual-mode die one of more of the electrical connectors
and claimed subject matter is not so limited. For instance, in . L .
a particular embodiment assembly may involve one or more 10. Tl}e apparatus of clam} 9, wherein the dual-mode inte-
flip-chip die and/or other devices as discussed above. grated circuit .funher C.OI.an'lSGS;

While certain features of claimed subject matter have been 50 @ POWer gr id comprising power and ground metal layers,
illustrated as described herein, many modifications, substitu- the power gnd e}ectr ically coupled to one Or more elec-
tions, changes and equivalents will now occur to those skilled tronic devices via at least one of the electrical connec-
in the art. It is, therefore, to be understood that the appended tors.
claims are intended to cover all such embodiments and 11. The apparatus of claim 9, wherein one or more of the
changes as fall within the spirit of claimed subject matter. 55 electronic devices comprises: a flip-chip integrated circuit, a

What is claimed is: passive device or an analog device, or combinations thereof.

1. An apparatus, comprising: 12. The apparatus of claim 8, further comprising two or

a dual-mode integrated circuit having a plurality of aper- more electronic devices stacked vertically above the dual-

tures and comprising a plurality of electrical connectors, mode die, the electronic devices being electrically connected
the electrical connectors being: wirebondable or solder- 60 to each other via silicon through hole vias, and wherein a

able, or combinations thereof; and
wherein the plurality of electrical connectors comprise: a
plurality of first and second electrical conductors:
one or more conductive pillars in the dual-mode inte-
grated circuit disposed directly above the plurality of

bottommost electronic device is further electrically coupled
to the dual-mode integrated circuit via one or more soldered
contacts bonded to one or more of the electrical connectors.
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In column &, line 4, in Claim 1, after “are” delete “is™.

Signed and Sealed this
Tenth Day of May, 2011

David J. Kappos
Director of the United States Patent and Trademark Office
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