
METHOD AND SYSTEM FOR FABRICATING SEMICONDUCTOR
COMPONENTS WITH THROUGH WIRE INTERCONNECTS Field of
the Invention [0001] Thi s invention relate s
generally t o semiconductor packaging, and
particularly t o a method and system for fabricating
semiconductor components with through wire
interconnects . This invention also relates t o
semiconductor components having through wire
interconnects fabricated using the method and system.
Background of the Invention [0002] A semiconductor
component includes a semiconductor substrate
containing various semiconductor devices and
integrated circuits. Typically, the semiconductor
substrate comprises a semiconductor die, that has been
singulated from a semiconductor wafer. For example, a
chip scale semiconductor component includes a
semiconductor die provided with support and protective
elements, and an external signal transmission system.
Semiconductor components can also include multiple
semiconductor substrates in a stacked or planar array.
For example, a system in a package (SIP) includes
multiple semiconductor dice packaged in a plastic
body. A semiconductor component can also include a
support substrate, such as a module substrate, a test
substrate, or a printed circuit board, configured to
electrically engage a semiconductor substrate. [0003]
A s semiconductor components become smaller and have
higher input/output configurations, different types o
f interconnects have been developed for implementing
different signal transmission systems. Interconnects
can b e formed "on" the semiconductor substrate for
transmitting signals in x and y directions.
Interconnects can also be formed "in" the
semiconductorsubstrate for transmitting signals in a z
direction, or 



"external" to the semiconductor substrate for
transmitting signals in x , y and z directions. [0004]
For example, surface interconnects, such as conductors
"on" a circuit side of the semiconductor component,
can be used to electrically connect the integrated
circuits with terminal contacts on the circuit side.
Via interconnects, such as metal filled vias formed
"in" the semiconductor substrate, can be used to
electrically connect the integrated circuits to
terminal contacts on a back side of the semiconductor
substrate. Wire interconnects, such as wires bonded to
the semiconductor substrate, can be used to
electrically connect the integrated circuits to
"external" terminal contacts on a support substrate
for the component. [0005] In fabricating semiconductor
components, particularly chip scale components,
interconnects having a high electrical conductivity
and a low parasitic capacitance provide the best
performance in the signal transmission system. In
addition, it is advantageous for interconnects to be
capable of fabrication in dense arrays using
conventional equipment and techniques. Further, it is
advantageous for interconnects to require as little
space and additional elements as possible. In this
regard, each of the different types of interconnects
has advantages and disadvantages. [0006] One
significant advantage of via interconnects is that
they occupy space in the semiconductor substrate that
is otherwise unused. This facilitates the fabrication
of small, highly integrated semiconductor components.
The disadvantages of via interconnects include a
relatively low electrical conductivity, a relatively
high capacitance, and a relatively low reliability,
particularly with temperature cycling. inaddition, via
interconnects can require expensive 



fabrication techniques, such as the filling of vias
using seed and plating metallization equipment. [0007]
On the other hand, wire interconnects require
additional space and insulation, but have a higher
electrical conductivity, and a lower capacitance, than
via interconnects. In addition, wire interconnects can
be made using mature, economical and robust wire
bonding processes and equipment. [0008] The present
invention i s directed to a method and system for
fabricating semiconductor components with through wire
interconnects. The through wire interconnects are
hybrids, which combine aspects of both via
interconnects and wire interconnects. In addition, the
present invention i s directed to semiconductor
components, including chip scale components, wafer
scale components, stacked components, and interconnect
components having through wire interconnects
fabricated using the method and the system. Summary o
f the Invention [0009] In accordance with the present
invention, a method and a system are provided for
fabricating semiconductor components with through wire
interconnects. Also provided are improved
semiconductor components having through wire
interconnects . [0010] The method is performed on a
substrate having a circuit side (first side in the
claims), a back side (second side in the claims), and
a through via. The steps of the method can be
performed using a conventional wire bonder having a
bonding capillary and an alignment system configured
to align the bonding capillary to the via. The method
includes the steps of threading a wire through the
via, forming a back side contact on the wireproximate
to the back side, forming a bonded contact on the wire
on the circuit side, severing the wire from the 



bonded contact, and optionally forming a stud bump on
the bonded contact. [0011] The method forms a through
wire interconnect which includes the wire in the via
having the contact on the back side, and the bonded
contact on the circuit side. The through wire
interconnect can be used to provide electrical and
thermal paths through the substrate. The through wire
interconnect can also be used for stacking multiple
semiconductor components, as it provides a bonding
structure and a conductive path between stacked
components. In addition, the wire has a higher
conductivity and a lower capacitance than conventional
metal filled vias. Further, the wire can be configured
to move in the via for accommodating variations in
thermal expansion between the wire and the substrate.
Alternately, the via can be filled with a material,
which secures the wire in the via, and performs a
desired function in the component. For example, the
material can comprise a dielectric material configured
to change the capacitive coupling of the wire to the
substrate, or to adjacent wires. The material can also
be used to structurally strengthen and support the
wire, and to electrically insulate the wire from the
substrate. Further, the material can comprise a
thermally conductive material, configured to conduct
heat through the substrate, such as away from active
electrical elements. [0012] A n alternate embodiment
stacked method is performed on a stack of spaced
substrates having spacers and aligned vias. The
stacked method includes the steps of threading a wire
through the aligned vias, forming a contact on the
wire, pulling the contact against a first outer
substrate of the stack, forming a bonded contact ona
second outer substrate of the stack, and forming
bonded connections between the substrates and the wire
in the 



aligned vias. The stacked method forms a stacked
through wire interconnect that interconnects all o f
the substrates in the stack. The stacked method can
also include the step of threading and bonding a side
wire to the stacked through wire interconnect using a
space between adjacent substrates. [0013] The system
includes the substrate having the circuit side, the
back side, and the via. The system also includes a
wire bonder having a bonding capillary for threading,
bonding and severing the wire, clamps or a wire
threading mechanism for manipulating the wire, and a
wand for forming the contact on the wire. [0014] An
alternate embodiment system includes a wire bonder in
combination with a stud bumper configured to form the
stud bump on the bonded contact on the circuit side,
or alternately a stud bump on the contact on the back
side. Another alternate embodiment system includes a
wire bonder having a first bonding capillary
configured to perform steps from the circuit side of
the substrate, and a second bonding capillary
configured to perform steps from a back side o f the
substrate. Another alternate embodiment system
includes a wire bonder having a side feed bonding
capillary and a laser configured to bond a side wire
between stacked substrates. In addition, the side feed
bonding capillary can b e rotatable about a 90 angle
for bonding on orthogonally oriented surfaces. [0015]
The semiconductor component includes the substrate and
the though wire interconnect. The through wire
interconnect includes the wire in the via having the
bonded contact on the circuit side, and the contact on
the back side. Multiple semiconductor components
canstacked to form a stacked component having bonded
connections between the bonded contacts on the circuit



side, and the contacts on the back side, on adjacent
components. [0016] An alternate embodiment
interconnect component includes a through wire
interconnect having the contact on the back side, or a
separate contactor, configured to make non bonded
electrical connections with test pads on a device
under test. A n alternate embodiment stacked array
semiconductor component includes stacked semiconductor
substrates interconnected by a single through wire
interconnect. [0017] An alternate embodiment side wire
semiconductor component includes stacked substrates, a
side wire interconnect, and a side mounted component.
In addition, the stacked substrates can include a heat
sink, and the side mounted component can include a
cooling assembly. A n alternate embodiment compressed
bump semiconductor component includes a through wire
interconnect having a bonded contact in the form of
compressed wire bump. An alternate embodiment organic
semiconductor component includes an organic substrate,
and a through wire interconnect bonded to contacts on
the substrate. Alternately, the organic substrate can
comprise a ceramic substrate or a metal substrate. An
alternate embodiment flex circuit semiconductor
component includes a substrate having a flex circuit
attached thereto, and a through wire interconnect
bonded to the flex circuit. Brief Description of the
Drawings [0018] Figures 1A-1H are schematic cross
sectional views of elements of the system illustrating
set up steps in the method of the invention;[0019]
Figures 2A-2L are schematic cross sectional views of
elements of the system illustrating steps in the
method of the invention; [0020] Figure 3A is a
schematic plan view taken along 



line 3A-3A o f Figure 2A illustrating a semiconductor
wafer of the system; [0021] Figure 3B is an enlarged
schematic plan view taken along line 3B-3B o f Figure
3A illustrating a semiconductor substrate of the
system; [0022] Figure 3C is an enlarged schematic
cross sectional view taken along line 3C-3C o f Figure
3B illustrating elements of the semiconductor
substrate; [0023] Figure 3D is an enlarged schematic
plan view taken along line 3D-3D of Figure 2C
illustrating elements o f the semiconductor substrate
following a threading step of the method; [0024]
Figure 3E is an enlarged schematic plan view taken
along line 3E-3E of Figure 2G illustrating elements of
the semiconductor substrate following a bonded contact
forming step of the method; [0025] Figure 3F is an
enlarged schematic plan view taken along line 3F-3F of
Figure 2K illustrating elements o f the semiconductor
substrate following a stud bump forming step of the
method; [0026] Figure 3G is an enlarged schematic plan
view taken along line 3G-3G of Figure 21 illustrating
elements o f the semiconductor substrate prior to a
new cycle o f the method; [0027] Figure 3H is an
enlarged schematic cross sectional view taken along
line 3H-3H o f Figure 3F illustrating elements o f the
semiconductor substrate following the stud bump
forming step of the method; [0028] Figure 31 is an
enlarged schematic cross sectional view equivalent to
Figure 3H illustratingelements o f the semiconductor
substrate following an optional wire encapsulating
step of the method; [0029] Figure 3J is an enlarged
schematic cross sectional view equivalent to Figure 3H
illustrating 



elements o f the semiconductor substrate following an
optional terminal contact forming step of the method;
[0030] Figure 4A is a block diagram of a system for
performing the method of the invention; [0031] Figure
4B is a block diagram of an alternate embodiment
system for performing the method of the invention;
[0032] Figures 5A and 5B are schematic cross sectional
views o f another alternate embodiment system for
performing the method of the invention; [0033] Figure
6 is a schematic cross sectional view of another
alternate embodiment system for performing the method
of the invention; [0034] Figure 7A is a schematic
cross sectional view of another alternate embodiment
system for performing the method of the invention;
[0035] Figure 7B is an enlarged portion of Figure 7A
taken along line 7B in Figure 7A; [0036] Figure 8 is a
schematic cross sectional view of a stacked component
constructed in accordance with the invention; [0037]
Figure 9 is a schematic cross sectional view of a
stacked, staggered component constructed in accordance
with the invention; [0038] Figure 10 is a schematic
cross sectional view of a stacked die component
constructed in accordance with the invention; [0039]
Figures H A and H B are schematic cross sectional
views of an interconnect component constructed in
accordance with the invention;[0040] Figure 12 is a
schematic cross sectional view of an interconnect
component with a contactor constructed in accordance
with the invention; [0041] Figures 13A-13F are
schematic cross sectional 



views illustrating steps in an alternate embodiment
stacked method of the invention; [0042] Figure 13G is
a view taken along line 13G-13G of Figure 13F with a
cut away insulating layer; [0043] Figure 14 is a
schematic cross sectional view of a stacked array
semiconductor component and a module semiconductor
component constructed using the stacked method; [0044]
Figure 15A-15D are schematic cross sectional views of
stacked array side element semiconductor components
and module semiconductor components constructed using
the stacked method; [0045] Figure 16 is a schematic
cross sectional view of an alternate embodiment looped
wire semiconductor component; [0046] Figure 17 is a
schematic cross sectional view of an alternate
embodiment organic substrate semiconductor component;
and [0047] Figure 18 is a schematic cross sectional
view of an alternate embodiment flex circuit
semiconductor component . Detailed Description of the
Preferred Embodiments [0048] A s used herein,
"semiconductor component" means an electronic element
that includes a semiconductor die, or makes electrical
connections with a semiconductor die. [0049] As used
herein "wafer-level" means a process conducted on an
element, such as a semiconductor wafer, containing
multiple components.[0050] As used herein "die level"
means a process conducted on a singulated element such
as a singulated semiconductor die or package. [0051] A
s used herein "chip scale" means a semiconductor
component having an outline about the same size as the
outline of a semiconductor die. 



[0052] Referring to Figures IA- IH , set up steps in
the method of the invention are illustrated. For
performing the method of the invention a wire bonder
10 (Figure IA) can be provided. Preferably the wire
bonder 10 (Figure IA) is configured to perform an
ultra fine pitch (e.g., < 65mm ) wire bonding process.
Suitable wire bonders are manufactured by Kulicke &
Soffa Industries Inc. of Willow Grove, PA, and SPT
(Small Precision Tools) of Petaluma, CA. One suitable
wire bonder is a model "8098" large area ball bonder
manufactured by Kulicke & Soffa Industries Inc .,
having a total bond placement accuracy of about +/- 5
mm at pitches down to about 65 mm . [0053] The wire
bonder 10 includes a bonding capillary 12 configured
to bond a continuous length of wire 14 to a first
contact 2OA (Figure 1C) on a substrate 22 (Figure 1C).
For performing the set up steps, the first contact 2OA
(Figure 1C) and the substrate 22 (Figure 1C) can
comprise dummies or set up elements. A representative
diameter of the bonding wire 14 can be from about 12
mm to about 150 mm . In addition, the bonding wire 14
can comprise a conventional wire material used in
semiconductor packaging, such as solder alloys, gold,
gold alloys, copper, copper alloys, silver, silver
alloys, aluminum, aluminum-silicon alloys, and
aluminummagnesium alloys. In addition, the wire 14 can
comprise a metal, or a metal alloy, that does not
contain reductions of hazardous substances (ROHS),
such as lead. Exemplary ROHS free metals include lead
free solders, such as 97.5%Sn2.5%Ag. Other ROHS free
metals include gold, copper and alloys of these metals
such as copper coated with a layer of flash gold.
Also, the meltingpoint of the wire 14 should
preferably be greater than that of the substrate
contact 2OA. [0054] A s shown Figure IA, the bonding
capillary 12 is 



movable in x , y and z directions responsive to
signals from a controller 24 (Figure IA) . A s will be
further explained, the bonding capillary 12 can also
be configured for 90 rotation to allow side wire
bonding. The bonding capillary 12 includes an
elongated opening 36 having an inside diameter about
twice the diameter of the wire 14, and an enlarged,
chamfered terminal portion 36A. The wire bonder 10
also includes wire clamps 16 operably associated with
the bonding capillary 12, which are configured to open
and close about the wire 14 responsive to signals from
the controller 24. [0055] A s also shown in Figure IA,
the wire clamps 16 are operably associated with a wire
feed mechanism 17 configured to feed the wire 14 into
the wire clamps 16 and the bonding capillary 12. The
wire feed mechanism 17 can comprise a standard wire
feed mechanism, such as one incorporated into the
above described model "8098" large area ball bonder
from Kulicke & Soffa. Alternately, as will be further
explained, the wire feed mechanism 17 can comprise a
mechanical wire feeder mechanism, such as a roller
feed mechanism, or a linear motion clamp and feed
mechanism. [0056] A s also shown in Figure IA, the
wire bonder 10 also includes an alignment system 26
configured to ascertain the locations of the bonding
capillary 12 and the first contact 2OA (Figure 1C),
and to supply information on these locations to the
controller 24 for aligning the bonding capillary 12 to
the first contact 2OA (Figure 1C). A s an alternative
to the above arrangement, the bonding capillary 12 can
comprise a stationary element, while the substrate 22
and the first contact 2OA are moved into alignment
using a suitable mechanism (not shown).[0057] The wire
bonder 10 also includes an electronic 



flame off (EFO) wand 18 (Figure IB) configured to
generate an electronic spark 28 (Figure IB) for
forming a contact ball 30 (Figure IB) on a terminal
portion 32 (Figure IA) of the wire 14. The contact
ball 30 (Figure IB) is also known in the art as a
"free air ball" (FAB). [0058] Initially, as shown in
Figure IA, the wire 14 is threaded through the bonding
capillary 12 with the terminal portion 32 of the wire
14 extending from the bonding capillary 12. [0059]
Next, as shown in Figure IB, the electronic flame off
(EFO) wand 18 is operated to form the contact ball 30
on the terminal portion 32 (Figure IA) of the bonding
wire 14. A diameter of the contact ball 30 will be
dependent on the diameter of the wire 14, with from 2
to 4 times the diameter of the wire 14 being
representative. In addition, the diameter of the
contact ball 30 will be approximately equal to the
chamfered portion 36A of the opening 36 in the bonding
capillary 12. [0060] Next, as shown in Figure 1C, the
bonding capillary 12 is moved in the z direction
towards the first contact 2OA on the substrate 22, as
indicated by arrow 34, which captures the contact ball
30 in the chamfered opening 36 (Figure IA). [0061]
Next, as shown in Figure ID, the contact ball 30 is
pressed against the first contact 2OA with a selected
force, and ultrasonic energy is applied to bond the
contact ball 30 to the first contact 2OA and form a
bonded contact 38 (Figure IE). [0062] Next, as shown
in Figure IE, the wire clamps 16 open, and the bonding
capillary 12 is moved in x and z directions (and if
required y direction), as indicated by arrows 40, 42
to perform a looping step. 



[0063] Next, as shown in Figure IF, the bonding
capillary 12 presses an intermediate portion 44 of the
wire 14 against a second contact 2OB on the substrate
22with a selected force. In addition, ultrasonic
energy is applied to form a second bonded contact in
the form of a stitch bond 46 (Figure IG) between the
wire 14 and the second contact 2OB. [0064] Next, a s
shown in Figure IG the bonding capillary 12 is moved
in the z direction away from the second contact 2OB
for a selected distance, as indicated by arrow 48,
while the wire clamps 16 remain open. [0065] Next, as
shown in Figure IH, the wire clamps 16 are closed,
which in combination with the movement of the bonding
capillary 12, severs a terminal portion 50 of the wire
14 from the second contact 2OB. In addition, this
severing step forms a wire bonded wire 52 having the
bonded contact 38 (Figure IE) bonded to the first
contact 2OA (Figure IE), and the stitch bond 46
(Figure IH) bonded to the second contact 2OB (Figure
IG) . [0066] A s also shown in Figure IH, the terminal
portion 50 of the wire 14 has a tail length TL, which
is the distance from the end of the bonding capillary
12 to the end of the wire 14. The value of the tail
length TL is determined by the movement of the bonding
capillary 12, and by the timing of the closure of the
wire clamps 16. The severing step is performed such
that the tail length TL, is approximately equal to a
thickness T (Figure 2A) of a semiconductor substrate
54, plus the diameter o f the contact ball 30 (Figure
IB), plus a selected clearance distance. A s an
optional additional step, the terminal portion 50 of
the wire 14 can be smoothed and rounded using a
process, such as a partial flame off, to facilitate
subsequent threading of the wire 14. 



[0067] Referring to Figures 2A-2I, and Figures 3A-3G,
steps in a method for fabricating a semiconductor
component 86 (Figure 3J) in accordance with the
invention are illustrated. [0068] A s shown in Figure
3A, in the illustrative embodiment the method is
performed at the wafer level ona semiconductor wafer
56 (Figure 3A) containing a plurality of the
semiconductor substrates 54. However, it is to be
understood that the method of the invention can be
performed at the die level on singulated substrates,
such as singulated bare dice and known good dice
(KGD). Also in the illustrative embodiment, the
semiconductor wafer 5 6 comprises a semiconductor
material, such as silicon or gallium arsenide. In
addition, the semiconductor substrates 54 are in the
form o f semiconductor dice having a desired
electrical configuration, such as memory, application
specific, or imaging and image sensing. However, it is
to be understood that the method o f the invention can
be performed on other substrates including ceramic,
plastic, tape, printed circuit board (PCB), metal lead
frame, or flex circuit substrates. [0069] A s shown in
Figures 3B and 3C, the semiconductor substrate 54
includes a circuit side 62 ("first side" in some of
the claims), and a back side 64 ("second side in some
of the claims). In addition, the semiconductor
substrate 54 includes a plurality o f substrate
contacts 58 on the circuit side 62, which in the
illustrative embodiment comprise the device bond pads.
The substrate contacts 58 can comprise a
highlyconductive, wire-bondable metal, such as
aluminum, or a wire bondable and solderable metal,
such as copper, or a combination of metals, such as
solder coated metals. For simplicity, the
semiconductor substrate 54 is illustrated 



with only five substrate contacts 58 arranged in a
single row. However, in actual practice the
semiconductor substrate 54 can include tens of
substrate contacts 58 arranged in a desired
configuration, such as a center array, an edge array
or an area array. [0070] A s shown in Figure 3C, the
substrate contacts 5 8 are in electrical communication
with internal conductors 60 on the circuit side 62 of
the semiconductor substrate 54. In addition, the
internal conductors 60are in electrical communication
with integrated circuits 66 in the semiconductor
substrate 54. Further, a die passivation layer 68 on
the circuit side 62 protects the internal conductors
60 and the integrated circuits 66. The die passivation
layer 68 can comprise an electrically insulating
material, such as BPSG (borophosphosilicate glass), a
polymer or an oxide. All of the element of the
semiconductor substrate 5 4 including the internal
conductors 60, the integrated circuits 66, and the
passivation layer 68, can be formed using well known
semiconductor fabrication processes. [0071] A s shown
in Figures 3B and 3C, the semiconductor substrate 54
also includes a plurality o f elongated RDL
(redistribution layer) contacts 70 in electrical
communication with the substrate contacts 58. The RDL
contacts 70 are formed b y a patterned redistribution
layer on the circuit side 62. The RDL contacts 70 can
comprise a highly-conductive, wirebondable metal, such
as aluminum, or a wire bondable and solderable metal,
such as copper, or a combination of metals, such as
solder coated metals. [0072] Redistribution layers are
widely used in semiconductor manufacture to
redistribute standard patterns of substrate contacts
58 into area arrays for terminal contacts. An
exemplary redistribution layer 



might include "fan out" or "fan in" RDL conductors and
terminal contact pads. In addition to redistributing
the pattern of the substrate contacts 58, the RDL
contacts 70 provide additional connection points for
testing, such as probe testing o f the semiconductor
substrate 54. U S Patent No. 6,380,555 Bl, entitled
"Bumped Semiconductor Component Having Test Pads, And
Method And System For Testing Bumped Semiconductor
Components", which is incorporated herein by
reference, describes an exemplary RDL circuit with
additional test pads. [0073] The RDL contacts 70
(Figure 3C) can comprise a same metal as the substrate
contacts 58, or alternatelydifferent metals than the
substrate contacts 58. In addition, the RDL contacts
70 can include an additional solder layer, such as a
lead free low melting point solder alloy, configured
to facilitate a subsequent wire bonding step. Also the
additional solder layer can be configured to melt at a
temperature which is lower than that of the wire 14,
such that the wire is better able to maintain it's
strength during wire bonding. [0074] The semiconductor
substrate 54 also includes an inner RDL insulating
layer 72 between the RDL contacts 70 and the die
passivation layer 68, and an outer RDL insulating
layer 74 on the inner RDL insulating layer 72 and on
the RDL contacts 70. The inner RDL insulating layer
72, and the outer RDL insulating layer 74, can
comprise an electrically insulating polymer, such as
polyimide. Further, the outer RDL insulating layer 74
includes openings 116 which align with portions of the
RDL contacts 70, and openings 117 which align with the
substrate contacts 58. A s another option, the
openings 116 and 117 can be combined into single
elongated openings . [0075] A s also shown in Figures
3B and 3C, through 



vias 76 extend through the RDL contacts 70, through
the substrate contacts 58, and through the
semiconductor substrate 54 to the back side 64
thereof. The vias 76 include via insulating layers 78
(Figure 3C) formed on inside diameters thereof, which
electrically insulate the vias 76 from the integrated
circuits 66 and other electrical elements contained in
the semiconductor substrate 54. The insulating layers
78 can comprise an electrically insulating material
such as a polymer (e.g., polyimide or parylene) or an
oxide (e.g., SiO 2) . [0076] The vias 76 (Figure 3C)
can be formed using an etching process, a laser
machining process, an ion milling process, a
mechanical process (e.g., drilling, grinding,
abrasion), or combinations o f any o f these
processes. For example, the vias 76 can be formed
using adry etch process, such as a reactive ion
etching (RIE) process . [0077] Another method for
forming the vias 76 combines etching and laser
machining processes. For example, an etch mask (not
shown) and an etching process can be used to form the
vias 76 through the RDL contacts 70 and the substrate
contacts 58. Depending on the material of the RDL
contacts 70 and the substrate contacts 58, a wet
etchant can be used. For RDL contacts 70 and substrate
contacts 58 made of aluminum, one suitable wet etchant
is H3PO4 . Following etching through the RDL contacts
70 and the substrate contacts 58, a laser machining
process can be used to form the vias 76 through the
semiconductor substrate 54. One suitable laser system
for performing the laser machining step is
manufactured by XSIL LTD of Dublin, Ireland, and is
designated a Model No. XISE 200. Another suitable
laser system for performing the laser machining step
is manufactured by Electro Scientific, Inc., of
Portland, OR and is designated a Model No. 2700. 



Following the laser machining step, a cleaning step
can be performed in which the vias 76 are cleaned
using a suitable wet or dry etchant. One suitable wet
etchant with the semiconductor substrate 54 comprising
silicon is tetramethylammoniumhydroxide (TMAH). [0078]
The insulating layers 78 (Figure 3C) can also be
formed using techniques that are known in the art,
such as polymer deposition or oxide growth. Each
insulating layer 78 has a thickness that is less than
the diameter of a via 76, such that only the sidewalls
100 (Figure 3D) of the via 76 are coated. A thickness
range for the insulating layers 78 can be from .10 mm
to 100 mm or greater. [0079] For forming the
insulating layers 78 (Figure 3C), parylene polymers
can be deposited from the vapor phase by a process
similar to vacuum metallization at pressures of about
0.1 torr. Suitable polymers include parylene C ,
parylene N , and parylene D . Parylene isavailable
from Advanced Coating of Tempe, AZ. One suitable
deposition apparatus is a portable parylene deposition
system, designated a model PDS 2010 LABCOATER 2 ,
manufactured by Specialty Coating Systems, of
Indianapolis, IN. A s another example, silicon dioxide
can be grown by exposure of the semiconductor
substrate 54 within the vias 76 to oxygen at an
elevated temperature (e.g., 95O 0C). [0080] Other
suitable processes for forming the vias 76 and the
insulating layers 78 are described in US Patent No.
6,828,175 B2 , entitled "Semiconductor Component With
Backside Contacts And Method Of Fabrication", which is
incorporated herein by reference. [0081] Each via 76
(Figure 3C) has a selected inside diameter which is
about 1.5 to 3 times larger than the outside diameter
of the wire 14 (Figure 2A). In the 



illustrative embodiment, the wire 14 (Figure 2A) has
an outside diameter of about 25 mm , and the vias 76
(Figure 3C) have an inside diameter of about 50 mm .
In addition, a length of each via 76 (Figure 3C) is
dependent on an overall thickness T of the
semiconductor substrate 54 (Figure 3C). A
representative range for the thickness T of the
semiconductor substrate 54 (Figure 3C) can be from
about 50 mm to 725 mm depending on whether the wafer
56 (Figure 3A) has a standard thickness or has been
thinned. In addition, the thickness T will include the
thickness of the semiconductor material which forms
the semiconductor substrate 54 (Figure 3C), and the
thickness of any additional elements such as the RDL
insulating layers 72, 74 (Figure 3C) on the
semiconductor substrate 54 (Figure 3C) . [0082] As
shown in Figure 2A, the bonding capillary 12 is
initially set up as previously described with the
terminal portion 50 of the wire 14 having the tail
length TL. In addition, an alignment step is performed
in which the bonding capillary 12 is moved to a
position in which the terminal portion 50 of the wire
14 aligns with thecenter o f a selected via 76. The
alignment step can be performed using the alignment
system 26 (Figure IA), and the controller 24 (Figure
IA) loaded with a program containing information on
the locations of the substrate contacts 58. In
addition, the diameter of the via 76 must be large
enough relative to the diameter of the wire 14 to
accommodate alignment tolerances of the alignment
system 26 (Figure IA). [0083] Next, as shown in Figure
2B, a threading step is performed in which the bonding
capillary 12 is moved downward in the direction o f
arrow 88 (Figure 2A) to thread the terminal portion 50
of the wire 14 through the via 76. With the tail
length TL (Figure 2A) properly 



selected, the terminal portion 50 of the wire 14
projects from the back side 64 of the semiconductor
component 54 by a predetermined distance. [0084] A s
an alternative to performing the threading step by
threading the terminal portion 50 of the wire 14 with
the tail length TL (Figure 2A) into the via 76, the
bonding capillary 12 can be set up with the end of the
wire 14 flush with the chamfered portion 36A (Figure
IA) of the opening 36 (Figure IA) in the bonding
capillary 12. The opening 36 (Figure IA) can then be
aligned with the via 76, and the wire feed mechanism
17 (Figure IA) operated to feed the end of the wire 14
through the via 76 until it extends from the back side
64 (Figure 3C) of the semiconductor substrate 54
(Figure 2A) . In this case, the wire feed mechanism 17
can comprise a mechanical wire feeding mechanism, such
as a roller feed mechanism, or a linear motion clamp.
This arrangement can be used in close tolerance
applications, where it may be difficult to align the
terminal portion 50 with the selected tail length TL,
and thread the full tail length TL through the via 76.
[0085] A s also shown in Figure 2B, a ball forming
step is performed in which the EFO wand 18 of the wire
bonder 10 (Figure IA) is used to form a contact ball
90 on theend of the terminal portion 50 of the wire
14. In addition, the contact ball 90 has an outside
diameter that is larger than the inside diameter of
the via 76. The ball forming step can b e controlled
using programmable EFO process parameters, such that a
diameter of the contact ball 90 is from about 2 to 4
times the diameter of the via 76. In addition,
provisions can be made to insure that the electronic
spark goes only to the wire. For example, the EFO wand
18 can include a grounded metallic shield which
prevents the electronic 



spark from contacting the semiconductor wafer 56.
Further, the wire 14 can be grounded to the wire
bonder 10 (Figure IA) to insure the electronic spark
does not jump to the semiconductor wafer 56 or the
semiconductor substrate 54. A s another alternative,
the ball forming step can be performed using a forming
gas torch, such as a hydrogen gas torch, as is known
in the art. [0086] Next, as shown in Figure 2C, a
pulling and wedging step is performed in which the
bonding capillary 12 is moved upward as indicated by
arrow 94. Movement of the bonding capillary 12 also
moves the contact ball 90 as indicated by arrow 96,
and wedges the contact ball 90 into the via 76. The
pulling and wedging step is performed with the wire
clamps 16 closed, and is substantially similar to the
ball capture step previously described and shown in
Figure 1C. However, in this case, rather than being
captured by the bonding capillary 12 , the contact
ball 90 is pulled against the back side 64 (Figure 3C)
and wedged into the via 76 with a force exerted by the
bonding capillary 12 . Gas pressures above and below
the semiconductor substrate 54 can also be used to
move and wedge the contact ball 90 into the via 76.
[0087] Figure 3D illustrates the wire 14 in the via
following the pulling and wedging step. Although the
contact ball 90 (Figure 2C) is wedged into the via 76
(Figure 2C), the wire 14 (Figure 3D) remains
unattached to the sidewall 100 (Figure 3D) o f the via
76 (Figure2C). With this arrangement, the wire 14 is
free to move within the via 76 , such that in the
completed component 86 (Figure 3J) stresses are not
generated during temperature cycling, due to the
different thermal coefficients of expansion (TCE) of
the wire 14 and the semiconductor substrate 54. [0088]
Next, as shown in Figure 2D, a looping step is 



performed in which the wire clamps 16 are opened, and
the bonding capillary 12 is moved in x and z
directions (and also in the y direction if required)
into alignment with the RDL contact 70 (Figure 3C).
The looping step can be performed using the alignment
system 26 (Figure IA) and the controller 2 4 (Figure
IA), substantially a s previously described and shown
for the looping step of Figure IF. In this case, the
controller 24 (Figure IA) is loaded with a program
containing information on the locations of the RDL
contacts 70. Also as previously described, the wire
clamps 16 remain open during the looping step. [0089]
Next, as shown in Figure 2E, a bonded contact forming
step is performed in which a bonded contact 92 (Figure
2F) is formed between an intermediate portion of the
wire 14 and the RDL contact 70. In the illustrative
embodiment, the bonded contact 92 comprises a stitch
bond formed using pressure and ultrasonic energy
exerted by the capillary tool 12, substantially as
previously described and shown in Figure IG. Also as
previously described, the wire clamps 16 remain open
during the bonded contact forming step. [0090]Next, as
shown in Figures 2F and 2G, a severing step is
performed in which the wire clamps are closed, and the
bonding capillary 12 is moved as indicated by arrow 98
(Figure 2F) to sever the wire 14 from the bonded
contact 92. The severing step can b e performed
substantially as previously described and shown for
the severing step of Figure IH. This severing step
forms a terminal portion 110 (Figure 2G) of the wire
14 whichextends from the bonding capillary 12. A s
previously described, an optional additional smoothing
step can be performed using heat or a partial
electronic flame off to smooth the terminal portion
110. 



[0091] Figure 3E illustrates the resultant through
wire interconnect 102. The through wire interconnect
102 includes the bonded contact 92 bonded to the RDL
contact 70 on the circuit side 62 of the semiconductor
substrate 54. In addition, the through wire
interconnect 102 includes the contact ball 90 (Figure
2F) wedged into the via 76 on the back side 64 (Figure
2F) of the semiconductor substrate 54. [0092] Next, as
shown in Figures 2H-2K, optional additional stud
bumping steps can be performed for forming a stud bump
106 (Figure 2K) on the bonded contact 92. The stud
bump 106 (Figure 2K), in addition to providing an
external contact point to the through wire
interconnect 102, also provides a security bond for
the bonded contact 92. [0093] In Figures 2H-2K, the
stud bumping steps are performed using the same wire
bonder 10 (Figure IA) . However, as will be further
explained, the wire bonder 10 can be modified with two
bonding capillaries, with a first bonding capillary
12A (Figures 5A-5B) operating on the circuit side 62
of the semiconductor substrate 54, and a second
bonding capillary 12B (Figure 5A-5B) operating on the
back side 64 of the semiconductor substrate 54. [0094]
As an alternative to using a single wire bonder 10
(Figure IA), a separate stud bumper 124 (Figure 4B)
can be used to form the stud bump 106 (Figure 2K). One
suitable stud bumper is a "WAFER PRO PLUS" high speed
large area stud bumper manufactured by Kulicke & Soffa
Industries Inc. of Willow Grove, PA. With a separate
stud bumper, the wire 14 can comprise a standard
material, such as a solder alloy, copper, aluminum
orpalladium, and the stud bump 106 (Figure 2K) can
comprise a non oxidizing material, such as gold. 



[0095] Referring to Figure 2H, in the illustrative
embodiment, the EFO wand 18 of the wire bonder 10
(Figure IA) is used to form a contact ball 108 (Figure
2H) on the terminal portion 110 (Figure 2G) of the
wire 14, substantially as previously described and
shown in Figure IB. [0096] Next, as shown in Figure
21, the bonding capillary 12 is moved to capture the
contact ball 108 substantially as previously described
and shown in Figure 1C. Following capturing of the
contact ball 108, the bonding capillary is aligned
with the bonded contact 92, and the bonding capillary
12 is moved towards the bonded contact 92, as
indicated by arrow 104. [0097] Next, as shown in
Figure 2J , force and ultrasonic energy are applied by
the bonding capillary 12, as indicated by arrow 112,
to bond the contact ball 108 to the bonded contact 92.
[0098] Next, as shown in Figure 2K, the bonding
capillary 12 is moved away from the bonded contact 92,
as indicated by arrow 114, leaving a stud bump 106
(Figure 2K) on the bonded contact 92. In addition, the
bonding capillary 12 moves a selected distance with
the wire clamps 16 open, such that a terminal portion
50 (Figure 2L) having a selected tail length TL
(Figure 2A) is formed. Figure 3F illustrates the
through wire interconnect 102 with the stud bump 106
in a plan view. Figure 3H illustrates the through wire
interconnect 102 with the stud bump 106 on the
semiconductor substrate 54 in a cross sectional view.
[0099] Next, as shown in Figure 2L, the bonding
capillary 12 is moved and aligned with another via 76
and the steps of Figures 2B-2K are repeated as
required. Figure 3G illustrates the next via 76, the
substrate 



contact 58 and the RDL contact 70 prior to the next
threading step.[0100] Referring to Figure 31, the
through wire interconnect 102 and the semiconductor
substrate 54 are illustrated in cross section after an
optional wire encapsulating step has been performed.
In Figure 31 a wire encapsulant 80 has been deposited
in the via 76 to encapsulate the portion of the
through wire interconnect 102 in the via 76. The wire
encapsulant 80 can comprise a polymer, such as a UV or
thermal curable epoxy, deposited into the via 76 using
a suitable process such as capillary injection, or
screen printing. Following deposition, the wire
encapsulant 80 can be cured to harden. The wire
encapsulant 80 attaches the through wire interconnect
102 to the via 76, performing a locking function, and
providing another layer of electrically insulating
dielectric material between the through wire
interconnect 102 and the semiconductor substrate 54.
In addition, the wire encapsulant 80 electrically
insulates the contact ball 90, and prevents shorting
between the contact ball 90 and the semiconductor
substrate 54. The wire encapsulant 80 can also be
configured to adjust a capacitance of the through wire
interconnect 102. [0101] As another alternative, a
no-sweep encapsulant 246 (Figure 13G) can be deposited
on the through wire interconnects 102 to prevent wire
sweep. For example, Kulicke & Soffa manufactures a
product under the trademark "NOSWEEP" encapsulant,
which can be dispensed and cured during operation of
the wire bonder 10 (Figure IA) . [0102] Referring to
Figure 3J, the through wire interconnect 102, and the
semiconductor substrate 54, are illustrated in an
enlarged cross sectional view after an optional step
has been performed. During the optional 



step, terminal contacts 84, such as flip chip solder
balls (OLB balls) or FCOM balls, are formed on the
semiconductor substrate 54 in electrical communication
with the through wire interconnect 102. In Figure 3J,
conductors 82 and terminal contact bonding pads 118
havebeen formed on the outer RDL insulating layer 74
in electrical communication with the bonded contacts
92 and with the RDL pads 70. In addition, terminal
contacts 84 have been formed on the terminal contact
bonding pads 118. In Figure 3J, the conductors 82 and
the terminal contact bonding pads 118 are shown as
separate layers for illustrative purposes. However,
the conductors 82 and the terminal contact bonding
pads 118 are preferably part of the redistribution
layer that forms the RDL pads 70, and are preferably
formed prior to the threading step shown in Figure 2A.
In addition, the terminal contacts 84 can be mounted
in openings through the outer RDL insulating layer 74
directly to RDL conductors having a same thickness as
the RDL contacts 70. [0103] The conductors 82 (Figure
3J) and the terminal contact bonding pads 118 (Figure
3J) can be formed of a highly conductive metal using a
metallization process, such as etching or deposition
through a mask. In addition, the conductors 82 (Figure
3J) can have a fan out configuration substantially as
shown, or a fan in configuration. Further, the
terminal contact bonding pads 118 (Figure 3J) and the
terminal contacts 84 (Figure 3J) can be formed in an
area array, such as a grid array, an edge array or a
center array. [0104] The terminal contacts 84 (Figure
3J) can be formed using a suitable process such as
solder ball bonding or stud bumping. A s will be
further explained, the terminal contacts 84 can be
used to provide external connection points and a flip
chip bonding structures to a 



circuit board or other supporting substrate. Following
the optional additional steps, the semiconductor
substrate 54 (Figure 3A) can be singulated from the
wafer 56 (Figure 3A) using a suitable process such as
cutting, shearing, etching or water jetting. [0105] A
s shown in Figure 3J, the completed semiconductor
component 86 includes the semiconductor substrate 54
containing the integrated circuits 66. Inaddition, the
semiconductor component 86 includes the through wire
interconnect 102 in electrical communication with the
substrate contacts 58, the RDL contacts 70 and the
integrated circuits 66. The through wire interconnect
102 includes the contact ball 90 (Figure 2F) wedged
into the via 76 on the back side 64 (Figure 2F) of the
semiconductor substrate 54. The through wire
interconnect 102 also includes the bonded contact 92
with the stud bump 106 on the RDL contact 70 on the
circuit side 62. As will be further explained, the
contact ball 90 and the bonded contact 92 permit the
semiconductor component 86 to be stacked on other
components. The semiconductor component 86 also
includes terminal contacts 84 on the circuit side 62
in electrical communication with the through wire
interconnect 102 and with the integrated circuits 66.
In addition, the semiconductor component 86 has a chip
scale outline which matches that of the semiconductor
substrate 54. [0106] Referring to Figure 4A, a system
120 for performing the method of the invention is
illustrated in a block diagram. The system 120
includes the wire bonder 10 which includes the bonding
capillary 12 (Figure IA) , the wire clamps 16 (Figure
IA), the alignment system 26 (Figure IA), the
controller 24 (Figure IA) and the EFO wand 18 (Figure
IB) . Each of these elements functions substantially
as previously described. The system also 



includes the semiconductor wafer 56 containing the
semiconductor substrate 54 having the via 76, the RDL
contacts 70, and all of the other previously described
elements . [0107] Referring to Figure 4B, an alternate
embodiment system 122 includes essentially the same
elements as the system 120 (Figure 4A), but also
includes a stud bumper 124 for performing the stud
bumping step in which the stud bumps 106 (Figure 2K)
are formed on the bonded contacts 92 (Figure 2K)
.[0108] Referring to Figure 5A, an alternate
embodiment system 126 includes a wire bonder 1OA,
which is substantially equivalent to the previously
described wire bonder 10 (Figure IA). However, the
wire bonder 1OA includes a first bonding capillary 12A
configured to perform steps of the invention from the
circuit side 62 of the semiconductor substrate 54, and
a second bonding capillary 12B configured to perform
steps of the invention from the back side 64 of the
semiconductor substrate 54. For example, the second
bonding capillary 12B can be used to form, and then to
exert a pressure on the contact ball 90, as indicated
by arrow 128, to wedge the contact ball 90 in the via
76. Similarly, if the via 76 includes a metal layer
the second bonding capillary 12B can be used to bond
the contact ball 90 to the metal layer using
ultrasonic or thermal energy. [0109] Referring to
Figure 5B, as another alternative, the system 126 and
the second bonding capillary 128 can be used to form a
stud bump 106A "on", or "in place of" the contact ball
90. The stud bump 106A can be substantially equivalent
to the stud bump 106 (Figure 3H) previously described.
In addition, the stud bump 106A can be used to
interconnect stacked components. [0110] Referring to
Figure 6 , an alternate embodiment 



system 130 includes the two bonding capillaries 12A,
12B, and also includes a pusher mechanism 132 which is
movable as indicated by arrow 138. The pusher
mechanism 132 can be used to push the contact ball 90
onto a back side contact 136 on the semiconductor
substrate 54. The second bonding capillary 12B can
then be moved as indicated by arrow 138 to bond the
contact ball 90 to the back side contact 136. [0111]
Referring to Figures 7A and 7B, an alternate
embodiment system 144 includes the two bonding
capillaries 12A, 12B configured substantially as
previously described. The system 144 also includes a
thinned semiconductor wafer 56T having a
thinnedsemiconductor substrate 54T having a thickness
of about 25 jum to 200 mm . The thinned semiconductor
substrate 54T includes a via 76T and an RDL contact
7OT, which are constructed substantially as previously
described for the via 76 (Figure 2A) and the RDL
contact 70 (Figure 2A). However, the via 76T does not
extend through the RDL contact 7OT, and the length of
the via 76T is about the same as the diameter of a
contact ball 90T. The second capillary 12B is
configured to form the contact ball 9OT from the wire
14, and to bond the contact ball 9OT (and also another
end of the wire 14, if desired), substantially as
previously described. However, in this case the first
bonding capillary 12A is configured as a "backing",
"support" or "anvil" capillary, which as indicated by
arrow 140 resists the pressure of the second bonding
capillary 12B. Also with the alternate embodiment
system 144, the RDL contact 7OT can include a through
hole allowing the bonding capillary 12A to feed the
wire 14 through the hole, form a free air ball (FAB),
pull away, make a wire loop, and then make a security
or stud bond on the surface of RDL contact 7OT. Both 



bonding capillaries 12A, 12B could form a bond on the
outer and inner surfaces of the RDL contact 7OT, or
form a wire rivet through the RDL contact 7OT. As
another option, the second bonding capillary 12B can
be configured as an electrically conductive spot
welder such that the contact ball 9OT can be welded to
the back side of the RDL contact 7OT. [0112] Referring
to Figure 8 , a stacked component 146 constructed in
accordance with the invention is illustrated. The
stacked component 146 includes the semiconductor
component 86 with the through wire interconnects 102
having the contact balls 90 on the back side 64, and
the conductors 82 and the terminal contacts 84 on the
circuit side 62. In addition, three separate
semiconductor components 86-1, 86-2 and 86-3 are
stacked on the semiconductor component 86. The
semiconductorcomponents 86-1, 86-2 and 86-3 are
substantially identical to the semiconductor component
86, but do not include the terminal contacts 84 or the
conductors 82. The balls 90, or stud bumps 106A
(Figure 5B), and through wire interconnects 102 on
adjacent components are bonded to one another forming
bonded interconnect connections 170 there between. The
bonded interconnect connections 170 can comprise
solder joints, mechanical connections, welded
connections, or conductive polymer connections formed
between the contact balls 90 and the wires of the
through wire interconnects 102. Also, an underfill
material 162 (Figure 10) can be formed in the gaps 164
between adjacent components. [0113] Referring to
Figure 9 , a stacked component 154 constructed in
accordance with the invention is illustrated. The
stacked component 154 includes the semiconductor
component 86 with the through wire interconnects 102
having the contact balls 90 on the back 



side 64, and the conductors 82 and the terminal
contacts 84 on the circuit side 62. In addition, three
separate semiconductor components 86-1S, 86-2S and
86-3S are stacked on the semiconductor component 86.
The semiconductor components 86-1S, 86-2S and 86-3S
are substantially identical to the semiconductor
component 86, but do not include the terminal contacts
84. In addition, the contact balls 90, or stud bumps
106A (Figure 5B), and the through wire interconnects
102 on adjacent components are bonded to one another
forming bonded interconnect connections 172 the
between. However, in this embodiment the bonded
interconnect connections 172 are between adjacent
contact balls 90, or stud bumps 106A (Figure 5B), and
the stud bumps 106 of the bonded contacts 92 (Figure
3J) . The bonded interconnect connections 172 can
comprise solder joints, mechanical connections, welded
connections, or conductive polymer connections formed
between the contact balls 90 and the stud bumps 106.
In this embodiment, thesemiconductor components 154,
86-1S, 86-2S and 86-3S are staggered by a distance
approximately equal to the distance between the stud
bumps 106 and the vias 76. In Figure 9 , the offset
between adjacent components is not to scale, as this
distance will typically be on the order of only about
100-300 mm . [0114] Referring to Figure 10, a stacked
die component 148 includes a semiconductor die 150
stacked and bonded to the semiconductor component 86.
The semiconductor die 150 includes die contacts 152
bonded to the contact balls 90, or stud bumps 106A
(Figure 5B), of the through wire interconnects 102,
forming bonded interconnect connections 174 there
between. The bonded interconnect connections 174 can
comprise solder joints, mechanical connections, welded
connections, or conductive polymer 



connections formed between the contact balls 90, or
stud bumps 106A (Figure 5B), and the die contacts 152.
In addition, an underfill layer 162 such as a curable
polymer, can be formed between the semiconductor
component 86 and the semiconductor die 150. [0115]
Although all of the stacked components 146 (Figure 8),
154 (Figure 9 ) and 148 (Figure 10) are constructed
with the semiconductor component 86 being a singulated
component, it is to be understood that the
semiconductor component 86 can be contained on the
semiconductor wafer 56 (Figure 3A), such that wafer
scale stacked components can also be provided. [0116]
Referring to Figures H A and HB, an alternate
embodiment interconnect component 861 is illustrated.
The interconnect component 861 is substantially
identical to the semiconductor component 86 (Figure
3J), but is configured for conducting test signals
from the terminal contacts 84 through the through wire
interconnects 102 to the balls 90, or stud bumps 106A
(Figure 5B). As shown in Figure 11A, a device under
test 156, such as a semiconductor die or wafer,
includes test pads 160. A s indicated by arrows 158,
the device under test 156 can bemoved into engagement
with the interconnect substrate 861 using a suitable
apparatus such as a probe tester or single die
carrier. In this embodiment, the interconnect
component 861 does not necessarily include the
integrated circuits 66 (Figure 3C), as it can be a
passive element configured to make non bonded
electrical connections 176 (Figure HB) with the device
under test 156. In addition, the interconnect
component 861 does not necessarily need to be made of
a semiconductor material but can comprise a ceramic, a
plastic material or a composite material. Also in this
embodiment, the through wire interconnect 102 can
optionally be free to move in 



the via 76 with the loop allowing flexure without
fatigue. In this case, the through wire interconnect
102 can be springy enough in an unloaded state to keep
the ball 90 in a position away from the outer surface
of the interconnect component 861. As another
alternative, the through wire interconnect 102 can be
encapsulated in the via 76 as previously described,
but with the ball 90 free to move up and down in the
z-direct ion. In addition, the ball 90 can be plated
with a wear resistant metal having a high electrical
conductivity. In this case, the ball 90 could function
as a mini "POGO PIN" for use in probe cards and known
good die (KGD) test sockets, with the via encapsulant
protecting and preventing buckling of the through wire
interconnect 861. [0117] Referring to Figure 12, an
alternate embodiment interconnect component 86IC is
illustrated. The interconnect component 86IC is
substantially identical to the interconnect component
861 (Figure HA) . However, the interconnect component
86IC includes separate test contactors 186 in
electrical communication with the through wire
interconnects 102 configured to make non bonded
electrical connections 178 with the test contacts 160
on the device under test 156. The test contactors 168
can comprise raised contacts with penetrating
projections as described in US Patent No.
5,483,741entitled "Method For Fabricating A Self
Limiting Silicon Based interconnect For Testing Bare
Semiconductor Dice", which is incorporated herein by
reference. Alternately, the test contactors 168 can be
constructed as described in US Patent No. 5,931,685
entitled "Interconnect For Making Temporary Electrical
Connections With Bumped Semiconductor Components",
which is incorporated herein by reference. [0118]
Referring to Figures 13A-13G, steps in an 



alternate embodiment stacked method are illustrated
for forming a stacked array component 86SA (Figure
13E). As with the previous embodiment, the stacked
method can be performed at the wafer level on a
semiconductor wafer 56 (Figure 3A) containing a
plurality of the semiconductor substrates 54.
Alternately, the stacked method can be performed on
singulated semiconductor substrates 54, such as bare
dice or known good dice (KGD) . [0119] Initially, as
shown in Figure 13A, four semiconductor substrates
54A-54D are stacked with spacers 182 there between to
form a stacked array 180. The uppermost substrate of
the stacked array 180 (Figure 13A) is termed herein as
the first outer semiconductor substrate 54A. The
lowermost substrate of the stacked array 180 (Figure
13A) is termed herein as the second outer
semiconductor substrate 54D. The middle substrates 54B
and 54C of the stacked array 180 (Figure 13A) are
termed herein as the inner semiconductor substrates
54B and 54C. [0120] The spacers 182 (Figure 13A) can
comprise a metal such as solder, or a polymer, such as
an epoxy or resist. The spacers 182 can be formed
directly on the semiconductor substrates 54A-54D, or
on special pads (not shown) on the semiconductor
substrates 54A-54D, using a process such as stud
bumping, ball bonding, screen printing, dot shooting,
nozzle deposition, or photopatterning. In the
illustrative embodiment thereare four spacers 182
(Figure 13G) located proximate to the corners of the
semiconductor substrates 54A-54D. [0121] The spacers
182 (Figure 13A) form spaces 214A- 214C (Figure 13A)
between adjacent semiconductor substrates 54A-54D
having a spacing S which is equal to the height of the
spacers 182. A representative range for the spacing S
can be from 10 mm to 100 mm . In 



addition to forming the spaces 214A-214C (Figure 13A),
the spacers 182 (Figure 13A) also level and prevent
the semiconductor substrates 54A-54D from tilting. The
spacers 182 (Figure 13A) also help to align the
semiconductor substrates 54A-54D to one another. As
will be further explained the spacers 182 (Figure 13A)
preferably allow some relative movement or shifting
laterally between the semiconductor substrates
54A-54D. In addition, the spacers 182 can be
configured to providing bearings for moving the
semiconductor substrates 54A-54D relative to one
another. Further, in the completed component 86SA
(Figure 13E) the spacers 182 provide a material
between the semiconductor substrates 54A-54D, which
can be configured to provide protection from
mechanical, electrical or magnetic influences (e.g.,
adding an electrical ground plane, or to shield the
substrates from stray magnetic fields). [0122] The
spaces 214A-214C (Figure 13A) created by the spacers
182 are maintained throughout the steps of the method,
and in the completed semiconductor component 86SA
(Figure 13A) as well. As will be further explained,
the spaces 214A-214C (Figure 13A) facilitate the
performance of other steps of the method, such as: a.)
bonding, by permitting formation of a column of
material (e.g., solder) between adjacent semiconductor
substrates 54A-54D, and b .) laser machining, by
providing access for a laser beam. Further, in the
completed component 86SA (Figure 13E), the spaces
214A-214C (Figure 13A) allow fluids for cooling or
heating the semiconductor substrates 54A-54D, or for
placing a material, such as anunderfill layer, or a
thermally conductive material, between the
semiconductor substrates 54A-54D. [0123] Each
semiconductor substrate 54A-54D (Figure 13A) also
includes a through via 76A-76D (Figure 13A) 



formed through a substrate contact 58A-58D (Figure
13A), substantially as previously described for
through via 76 (Figure 3C) and the substrate contact
58 (Figure 3C) on semiconductor substrate 54 (Figure
3A) . In addition, the substrate contacts 58A-58D
(Figure 13A) can be in electrical communication with
integrated circuits 66 (Figure 3C), and can include
insulating layers 78 (Figure 3C) substantially as
previously described. [0124] The first outer
semiconductor substrate 54A (Figure 13A) also includes
RDL contacts 7OA (Figure 13A), substantially as
previously described for RDL contacts 70 (Figure 3B).
In addition, the first outer semiconductor substrate
54A (Figure 13A) includes conductors 82A (Figure 13A)
, and terminal contacts 84A (Figure 13A) in electrical
communication with the RDL contacts 7OA (Figure 13A),
substantially as previously described for conductors
82 (Figure 3J) and terminal contacts 84 (Figure 3J) .
As previously described the conductors 82A can be part
of the same redistribution layer that forms the RDL
contacts 70. [0125] The inner semiconductor substrates
54B and 54C (Figure 13A), and the second outer
semiconductor substrate 54D as well, include bonding
elements 184 (Figure 13A) on their substrate contacts
58B-58D (Figure 13A) . The bonding elements 184
(Figure 13A) can comprise circular or polygonal donuts
having through openings corresponding in size and
shape to the through vias 76BD . Alternately, the
bonding elements 184 (Figure 13A) can simply comprise
dots or mounds of material on the substrate contacts
58B-58D. The bonding elements 184 can be made of a low
melting point metal, such as nickel, a nickel alloy, a
solder alloy, gold or a gold alloy. Alternately, the
bonding elements 184 can be made of aconductive
polymer material. In addition, the bonding 



elements 184 can be formed using a suitable process
such as screen printing, deposition through a mask,
reflow or polymer curing. As will be further
explained, following a heating step, and a shifting
step to be described, the bonding elements 184 form
bonded connections 186 (Figure 13E) between the
substrate contacts 58B-58D and the wire 14. [0126] As
also shown in Figure 13A, a bottle neck bonding
capillary 12BN is provided. In addition, a wire feed
mechanism 17BN is operably associated with the bonding
capillary 12BN, substantially as previously described
for wire feed mechanism 17 (Figure IA). The wire feed
mechanism 17BN can also be operably associated with
clamps 16 (Figure IA), which for simplicity is not
shown in Figures 13A-13F. Although this embodiment of
the method is described with the bottle neck bonding
capillary 12BN, the bonding capillary 12 (Figure IA),
or a laser, could also be used. [0127] The bonding
capillary 12BN (Figure 13A) can comprise an element of
a wire bonder, such as the previously described
bonding capillary 12 (Figure IA) configured to perform
an ultra fine pitch (e.g., < 65 m ) wire bonding
process. Suitable bottle neck bonding capillaries are
manufactured by SPT (Small Precision Tools) of
Petaluma, CA. One suitable bonding capillary is
designated as a molded slim line bottleneck (SBN)
capillary. Kulicke & Soffa Industries Inc. of Willow
Grove, PA also manufactures suitable bonding
capillaries. [0128] Initially, as shown in Figure 13A,
the semiconductor substrates 54A-54D are aligned and
attached to form the stacked array 180. In the stacked
array 180 all of the through vias 76A are aligned
along a common longitudinal axis 216 within a
tolerance of plus or minus 



5-10 mm . Alignment of the semiconductor substrates
54A- 54D, and forming of the spacers 182 can be
accomplished using equipment and techniques known in
the art, such asaligner bonders, mechanical fixtures
and reflow ovens. In addition, the bonding capillary
12BN is aligned with the via 76A in the first outer
semiconductor substrate 54A. [0129] Next, as shown in
Figure 13B, a threading step is performed by operating
the wire feed mechanism 17BN to thread the wire 14
through the aligned vias 76A-76D such that the end 218
of the wire 14 projects from a back side 64D of the
second outer semiconductor substrate 54D. Alternately,
the threading step can be performed substantially as
previously described in Figure 2A, by forming the tail
length TL (Figure 2A) of the wire 14 and then moving
the bonding capillary 12 in the z-direction. [0130]
Next, as shown in Figure 13C, a ball forming step is
performed in which the EFO wand 18 is used to form a
contact ball 90 on the terminal portion of the wire
14, substantially as previously described and shown in
Figure 2B. [0131] Next, as shown in Figure 13D, a
pulling and wedging step is performed to pull the
contact ball 90 against the back side 64D o f the
second outer semiconductor substrate 54D, and to wedge
the contact ball 90 into the via 76D. [0132] A s also
shown in Figure 13D, a stitch bonding step is
performed in which a bonded contact 92 is formed on
the RDL contact 7OA on the first outer semiconductor
substrate 54A. In addition, a severing step is
performed substantially as previously described to
sever the wire 14 from the bonded contact 92. The
completed through wire interconnect 102SA (Figure 13A)
includes a length of the wire 14 threaded through the
aligned vias 76A-76D. 



The through wire interconnect 102SA also includes the
contact ball 90 on the back side 64D of the second
outer semiconductor component 54D, and the bonded
contact 92 on the RDL contact 7OA on the first outer
semiconductor substrate 54A.[0133] Next, as shown in
Figure 13E, a bonding step is performed in which the
bonding elements 184 are bonded to the wire 14 to form
bonded connections 186. However, prior to the bonding
step, a shifting step can be performed in which the
middle semiconductor substrates 54B, 54C are shifted
in opposite directions (or in the same direction) as
indicated by arrows 210, 212. The shifting step can be
performed using a suitable mechanism such as a pusher
rod. The shifting step pinches the wire 14, such that
it touches the aligned vias 58A-58D and contacts the
bonding elements 184. The shifting step is preferably
done such that the alignment of the vias 58A- 58D is
only shifted by several microns. For example, the
inner semiconductor substrate 54B can be shifted to
the right by from 5 mm to 15 mm , and the inner
semiconductor substrate 54C can be shifted to the left
by from 5 mm to 15 mm , for a total shift of from 10
mm to 30 mm . As previously stated, the spacers 182
can be configured to facilitate the shifting step by
providing bearing surfaces. [0134] As shown in Figure
13F, the bonding step can be performed using a laser
220 configured to direct a laser beam 222 through the
spaces 214A, 214B, 214C (Figure 13A) between the
semiconductor substrates 54A-54D. In addition, the
laser beam 222 is focused upon the bonding elements
184 (Figure 13D) , one bonding element 184 at a time,
to provide localized heating for melting and reflowing
the bonding elements 184. The reflowed bonding
elements 184 form bonded connections 186 between the 



substrate contacts 58B-58D and the wire 14. In the
completed through wire interconnect 102SA (Figure 13E)
the bonded connections 186 electrically and
structurally connect the semiconductor substrates
54A-54D to one another. Suitable laser systems for
performing the laser machining step are manufactured
by XSIL LTD of Dublin, Ireland, and by Electro
Scientific, Inc., of Portland, OR.[0135] As shown in
Figure 13E, the completed stacked array semiconductor
component 86SA includes the stacked array 180, and the
through wire interconnect 102SA which electrically
connects the semiconductor substrates 54A- 54D. If the
semiconductor substrate 54A-54D comprise semiconductor
dice, the stacked array semiconductor component 86SA
can be referred to as a stack of die (SOD) . [0136] A
s shown in Figure 14 a stacked module semiconductor
component 86M includes the stacked array semiconductor
component 86SA, and a CPU component 190 mounted to a
supporting substrate 192, to form a module, such as an
imager module, or a memory-microprocessor module. In
addition, the terminal contacts 84A (Figure 13E) of
the stacked module semiconductor component 86M can be
bonded to electrodes 194 on the supporting substrate
192. Further, an optional additional through wire
interconnect 198 (Figure 14) placed through opening
196 can be used to electrically connect other elements
on the supporting substrate 192 to selected contact
points on the stacked array 180. [0137] Referring to
Figures 13F and 13G, an optional additional side wire
feed and bond step can be performed to form a side
wire semiconductor component 86SF which includes side
wire interconnects 188. In this case, a side feed
bonding capillary 12SF, and an associated wire 



feed mechanism 17SF, can be used to thread side wires
188 in the space 214B between the inner semiconductor
substrates 54B and 54C. In addition, the laser 220 can
be used to direct the laser beam 222 through the space
214B to form the bonded connections 186 and bond the
side wires 188 to the bonded connections 186. [0138]
The side wire feed and bond step can be performed by
rotating the stacked array 180 (Figure 13F) ninety
degrees and aligning the side feed bonding capillary
12SF to the space 214B. Side feeding can be self
guiding by the dimensions of the space 214B, or
analignment structure, such as a pattern resist, can
be formed in the space 214B. As another alternative, a
real time alignment system such as an x-ray vision
system can be used to adjust the path of the wire 14
in the manner of a medical procedure for threading a
catheter through an artery. As another alternative,
side feeding can be performed using an electrical
sensing system configured to sense the point at which
the wire 14 touches the bonding elements 184 (Figure
13D). A s another alternative, side feeding can be
performed using a guide tube attached to the side feed
bonding capillary 12SF configured to guide the wire 14
through the space 214B. [0139] Also during the side
wire feed and bond step, the laser 220 (Figure 13F)
can be operated in conjunction with the side feed
bonding capillary 12SF (Figure 13F) to form the bonded
connections 186 (Figure 13G) . For example, the laser
220 can fire to melt the bonding element 184 (Figure
13D) as the side wire 188 is pushed into the molten
material. Cooling of the molten material then forms
the bonded connections 186 (Figure 13G) . In addition,
a support layer 246 formed of a curable polymer, such
as a UV curable epoxy or parylene, can be formed in
the space 214B to prevent movement and wire 



sweep of the side wires 188 (Figure 13G). Conventional
underfill materials can be used to form the support
layer 246. One suitable material for forming the
support layer 246 is the previously described wire
sweep encapsulant sold by Kulicke & Soffa under the
trademark "NOSWEEP" encapsulant. [0140] A s shown in
Figure 15A, the side wire semiconductor component 86SF
can include a side mounted element 206 such as a
capacitor, another semiconductor substrate, a
semiconductor package or a cooling assembly. In
addition, the completed side feed through wire
interconnect 102SF includes the side wire 188 bonded
to the side mounted element 206. A s also shown in
Figure 15A, a semiconductor component 86N includes the
side wiresemiconductor component 86SF and the CPU
component 190 mounted to a supporting substrate 202,
substantially as previously described for module
component 86M (Figure 14). As shown in Figure 15B, the
semiconductor component 86N can include a first side
wire 188 and a second side wire 188A bonded to the CPU
component 190 and to the wire 14. In this case, an
opening 248 in the side mounted element 206 provides
access for the laser beam 222 (Figure 13F) for bonding
the second side wire 188A. In addition, the bonding
capillary 12SF (Figure 13F) can be configured for
rotation by 90 from the position shown in Figure 13F.
A s shown in Figure 15C, the CPU component 190 can
also include a riser substrate 250, and a second side
wire 188B bonded to the riser substrate 250. The riser
substrate 250 can comprise a printed circuit board, a
ceramic substrate, a plastic substrate, a metal
substrate, or other element, having conductors and
wire bond pads in a required configuration. As shown
in Figure 15D, the side wire semiconductor component
86SF can also include a heat sink 252. A s also shown
in 



Figure 15D, the side mounted element 206 can include a
cooling assembly 254 having a cooling fan 256. A s
another alternative, the side mounted element 206 can
comprise a substrate housing a CPU to memory
bufferbridging device (like a NORTHBRIDGE chipset or
an INTEL HUB ARCHITECTURE (IHA) chip set). In
addition, the side mounted element 206 could include a
socket for mounting a side mountable CPU package
attached to the cooling assembly 254. [0141] Referring
to Figure 16, an alternate embodiment looped wire
semiconductor component 86LW is illustrated. The
looped wire semiconductor component 86LW includes the
semiconductor substrate 54, the via 76, the insulating
layer 78, the substrate contact 58, the internal
conductor 90, the integrated circuits 66, and the
passivation layer 68, all of which are constructed
substantially as previously described.[0142] The
looped wire semiconductor component 86LW (Figure 16)
also includes a through wire interconnect 102LW
(Figure 16) formed by looping the wire 14 into a
looped wire 224 (Figure 16), which is then compressed
to form a compressed bump 226 (Figure 16). The looped
wire 224 can be formed, and compressed into the bump
226, using the bonding capillary 12 (Figure 2A) . In
addition, the looped wire semiconductor component 86LW
(Figure 16) can be used to fabricate a stacked
component similar to the stacked component 146 (Figure
8). In this case the through wire interconnect 102LW
can be used to make bonded connections between
adjacent looped wire semiconductor components 86LW.
[0143] Referring to Figure 17, an alternate embodiment
organic substrate semiconductor component 86OS is
illustrated. The semiconductor component 86OS includes
an organic substrate 54OS made of an organic material,



such as a circuit board material, a glass filled
polymer or a plastic. In this embodiment, the
semiconductor component 860S can be in the form of a
printed circuit board, a flex circuit, a TAB tape, a
leadframe, a BOC semiconductor package, a COB
semiconductor package, or a chip scale semiconductor
package. [0144] The semiconductor component 86OS
(Figure 17) also includes a conductive trace 228
(Figure 17) having a wire bondable contact 230 (Figure
17), and a polymer insulating layer 234 (Figure 17).
The semiconductor component 86OS (Figure 17) also
includes a through wire interconnect 102OS (Figure 17)
formed in a through via 76OS (Figure 17) in the
organic substrate 54OS (Figure 17) substantially as
previously described for through wire interconnect 102
(Figure 3E). The through wire interconnect 102OS
(Figure 17) includes a contact ball 90OS (Figure 17)
in contact with the organic substrate 54OS (Figure
17), and optionally with a back side contact 232
(Figure 17) on the organic substrate 54OS (Figure 17).
The through wire interconnect 102OS also includes
astitch bond 46OS (Figure 17) bonded to the conductive
trace 228 (Figure 17). [0145] Referring to Figure 18,
an alternate embodiment flex circuit semiconductor
component 86FC is illustrated. The semiconductor
component 86FC includes a substrate 54FC having a flex
circuit 236 attached thereto. The substrate 54FC can
comprise a ceramic, a plastic, a metal, or a
semiconductor material. The flex circuit 236 includes
dielectric layers 238, 240 formed of a flexible
polymer material (e.g., polyimide tape), and a
conductive trace 244 sandwiched between the dielectric
layers 238, 240. In addition, an adhesive layer 242
attaches the flex circuit 236 to the substrate 54FC.
[0146] The semiconductor component 86FC (Figure 18) 



also includes a through wire interconnect 102FS
(Figure 18) formed in a through via 76FS (Figure 18)
in the substrate 54FS (Figure 18) substantially as
previously described for through wire interconnect 102
(Figure 3E). The through wire interconnect 102FS
(Figure 18) includes a contact ball 90FS (Figure 18)
in contact with the substrate 54FS (Figure 18), and a
stitch bond 46FS (Figure 18) bonded to the conductive
trace 244 (Figure 18). The semiconductor component
86FC could be used as a test interconnect configured
as a probe card, or a known good die carrier. In this
case, the wire 14 could be encapsulated in the via
76FS, but with the contact ball 90FS free to move upon
contact with a test pad of a device under test,
substantially as previously described for the contact
ball 90 of Figures H A and HB. [0147] Thus the
invention provides a method and a system for
fabricating semiconductor components, and improved
semiconductor components as well. While the invention
has been described with reference to certain preferred
embodiments, as will be apparent to those skilled in
the art, certain changes and modifications can be made
without departing from the scope of the invention as
defined by the following claims.WHAT IS CLAIMED IS: 1
. A method for fabricating a semiconductor component
comprising: providing a substrate having a first side,
a second side, and a via extending from the first side
to the second side; and forming a through wire
interconnect on the substrate comprising a wire in the
via having a contact on the second side and a bonded
contact on the first side. 2 . The method of claim 1
wherein the forming step comprises threading the wire
through the via, forming the 



contact on the wire from the second side, forming the
bonded contact on the wire from the first side, and
then severing the wire from the bonded contact. 3 .
The method of claim 1 wherein the bonded contact
comprises a thermo compression bond. 4 . The method of
claim 1 wherein the contact comprises a free air ball,
which is either wedged into the via or free to move
relative to the via. 5 . The method of claim 1 wherein
the substrate includes at least one circuit in
electrical communication with the through wire
interconnect. 6 . The method of claim 1 wherein the
contact is configured to electrically engage a
semiconductor substrate having at least one integrated
circuit.7 . The method of claim 1 further comprising
stacking a second substrate on the substrate having a
second contact bonded to the through wire
interconnect. 8 . The method of claim 1 further
comprising stacking a second substrate on the
substrate having a second through wire interconnect
bonded to the through wire interconnect. 9 . The
method of claim 1 wherein the substrate comprises a
material selected from the group consisting of a
semiconductor, a plastic, a ceramic, a polymer tape or
a metal. 10. The method of claim 1 further comprising
forming a terminal contact on the first side in
electrical communication with the contact. 11. A
method for fabricating a semiconductor component
comprising: providing a via in a substrate having a
first side, a second side, and a substrate contact on
the first side; threading a wire through the via;
forming a contact on the wire from the second side 



which is larger than the via; forming a bonded contact
between the wire and the substrate contact; and
severing the wire from the bonded contact. 12. The
method of claim 11 wherein the contact comprises a
ball and further comprising moving the ball into the
via.13. The method of claim 11 wherein the substrate
comprises a semiconductor substrate having an
integrated circuit in electrical communication with
the substrate contact. 14. The method of claim 11
wherein the threading step, the forming the contact
step, the forming the bonded contact step, and the
severing step are performed using at least one bonding
capillary. 15. The method of claim 11 wherein the
threading step, the forming the bonded contact step
and the severing step are performed using a first
bonding capillary, and the forming the contact step is
performed using a second bonding capillary. 16. The
method of claim 11 further comprising forming a stud
bump on the bonded contact or on the contact. 17. A
method for fabricating a semiconductor component
comprising: providing a semiconductor substrate having
a circuit side, a back side, an integrated circuit, a
substrate contact in electrical communication with the
integrated circuit, and a contact on the circuit side
in electrical communication with the substrate
contact; forming a via through the substrate contact
and the semiconductor substrate to the back side;
threading a wire through the via; forming a contact
ball on the wire on the backside; 



forming a bonded contact on the circuit side between
the wire and the contact; and severing the wire from
the bonded contact.18. The method of claim 17 further
comprising configuring the contact ball to move
relative to the via. 19. The method of claim 17
further comprising forming a stud bump on the bonded
contact or on the contact ball. 20. The method of
claim 17 further comprising forming a conductor on the
circuit side in electrical communication with the
bonded contact, and a terminal contact on the circuit
side in electrical communication with the conductor.
21. The method of claim 17 further comprising forming
an encapsulant at least partially encapsulating the
wire in the via. 22. The method of claim 17 wherein
the substrate contact comprises a device bond pad and
the contact comprises a redistribution contact. 23.
The method of claim 17 wherein the forming the via
step, the threading the wire step, the forming the
contact ball step, the forming the bonded contact step
and the severing step are performed using a single
bonding capillary. 24. The method of claim 17 wherein
the forming the via step, the threading the wire step,
the forming the contact ball step, the forming the
bonded contact step and the severing step are
performed using a first bonding capillary and a second
bonding capillary.25. The method of claim 17 wherein
the providing the semiconductor substrate step
comprises providing a semiconductor wafer containing a
plurality of semiconductor substrates . 26. The method
of claim 17 further comprising attaching a second
semiconductor substrate to the 



semiconductor substrate by forming a bonded connection
between a second contact on the second semiconductor
substrate and the contact ball. 27. A method for
fabricating a semiconductor component comprising:
providing a first substrate having a first side, a
second side, and a via extending from the first side
to the second side; providing a through wire
interconnect on the first substrate comprising a wire
in the via, a contact on the wire wedged in the via
proximate to the second side, and a bonded contact on
the first side; and bonding a second substrate to the
first semiconductor substrate by forming a bonded
connection between the bonded contact and a second
contact on the second substrate. 28. The method of
claim 27 wherein the second contact comprises a second
bonded contact on a second through wire interconnect
bonded to the contact ball. 29. The method of claim 27
wherein the first substrate and the second substrate
comprise semiconductor dice.30. The method of claim 27
wherein the first substrate and the second substrate
comprise semiconductor wafers. 31. The method of claim
27 wherein the bonded connection comprises an element
selected from the group consisting of solder joints ,
mechanical connections, welded connections, and
conductive polymer connections. 32. The method of
claim 27 wherein the bonded contact includes a stud
bump configured to formed the bonded connection. 33. A
method for fabricating a semiconductor component
comprising: 



providing a first substrate having a first side, a
second side, a via extending from the first side to
the second side and a terminal contact on the first
side; providing a through wire interconnect on the
first substrate comprising a wire in the via, a
contact on the wire in the via proximate to the second
side, and a bonded contact on the first side in
electrical communication with the terminal contact;
and testing a second substrate by applying test
signals through the terminal contact, and through the
through wire interconnect to a test contact on the
second substrate in temporary electrical communication
with the contact. 34. The method of claim 33 wherein
the contact comprises a contact ball configured to
move relative to the via and to form a non bonded
electrical connection with the test contact.35. The
method of claim 33 wherein the bonded contact is
bonded to a flex circuit attached to the first
substrate. 36. The method of claim 33 wherein the
second substrate comprises a semiconductor die. 37.
The method of claim 33 wherein the second substrate
comprises a semiconductor wafer. 38. A method for
fabricating a stacked semiconductor component
comprising: providing a stack of substrates having
aligned vias; threading a wire through the aligned
vias; forming a bonded contact on the wire proximate
to a first outer substrate of the stack; forming a
contact on the wire proximate to a second outer
substrate of the stack; and forming bonded connections
between the substrates and the wire in the vias . 



39. The method of claim 38 further comprising shifting
selected substrates of the stack during the forming
the bonded connections step to pinch the wire against
a bonding material on the selected substrates. 40. The
method of claim 38 further comprising providing
spacers configured to space the substrates in the
stack. 41. The method of claim 38 further comprising
bonding a second wire between the substrates to the
wire.42. The method of claim 38 wherein the forming
the bonded connections step comprises directing a
laser beam between the substrates. 43. The method of
claim 38 wherein the substrates comprises
semiconductor substrates having substrate contacts and
further comprising bonding the substrate contacts to
the wire. 44. The method of claim 38 wherein the
bonded contact comprises a thermo compression bond and
the contact comprises a free air ball. 45. The method
of claim 38 wherein each substrate includes at least
one circuit in electrical communication with the wire.
46. A method for fabricating a stacked semiconductor
component comprising: providing a stack of
semiconductor substrates having aligned vias;
threading a wire through the aligned vias; and forming
a through wire interconnect comprising a wire in the
aligned vias, a bonded contact on the wire on a first
outer component of the stack, and a contact on the
wire on a second outer substrate of the stack. 47. The
method of claim 46 wherein the stack includes at least
one inner substrate and further comprising bonding the
inner substrate to the wire. 



48. The method of claim 46 wherein the substrates
comprise integrated circuits in electrical
communication with the wire.49. The method of claim 46
wherein the providing step includes providing spacers
on the substrates configured to form at least one
space between the substrates . 50. The method of claim
46 further comprising bonding a second wire between an
inner substrate of the stack by directing a laser beam
through the space. 51. The method of claim 46 wherein
the threading step and the forming step are performed
using a bonding capillary. 52. The method of claim 46
further comprising attaching a semiconductor component
to a side of the stack in electrical communication
with the wire. 53. A method for fabricating a stacked
semiconductor component comprising: providing a stack
of semiconductor substrates comprising integrated
circuits, substrate contacts in electrical
communication with the integrated circuits and aligned
through vias; the stack including a first outer
substrate having a first side and a contact on the
first side in electrical communication with a first
substrate contact, an inner substrate having a second
substrate contact, and a second outer substrate having
a second side and a third substrate contact on the
second side; threading a wire through the aligned
vias; forming a contact on the wire on the second
side; forming a bonded contact between the wire and
the contact; andsevering the wire from the bonded
contact. 54. The method of claim 53 further comprising
forming a first bonded connection between the second 



substrate contact and the wire. 55. The method of
claim 53 further comprising forming a second bonded
connection between the third substrate contact and the
wire. 56. The method of claim 53 further comprising
forming a side wire between adjacent substrates bonded
to the wire. 57. The method of claim 53 wherein the
threading step, the forming the contact step, the
forming the bonded contact step and the severing step
are performed using a bonding capillary. 58. The
method of claim 53 wherein the threading step, the
forming the contact step, the forming the bonded
contact step and the severing step are performed using
a plurality of bonding capillaries. 59. The method of
claim 53 further comprising forming at least one
terminal contact on the first side in electrical
communication with the contact. 60. The method of
claim 53 wherein the bonded contact comprises a thermo
compression bond. 61. The method of claim 53 wherein
the contact comprises a free air ball formed by
electronic or gas flame off.62. The method of claim 53
wherein the contact comprises a redistribution
contact. 63. The method of claim 53 wherein the
substrate contacts comprise device bond pads and the
aligned vias extend through the substrate contacts.
64. A semiconductor component comprising: a substrate
having a first side, a second side, and a via
extending from the first side to the second side; and
a through wire interconnect on the substrate
comprising a wire in the via, a contact on the wire on



the second side, and a bonded contact on the wire on
the first side. 65. The semiconductor component of
claim 64 wherein the substrate comprises at least one
circuit in electrical communication with the through
wire interconnect. 66. The semiconductor component of
claim 64 wherein the bonded contact includes a stud
bump. 67. The semiconductor component of claim 64
wherein the bonded contact comprises a compressed
portion of the wire. 68. The semiconductor component
of claim 64 further comprising a second substrate on
the semiconductor substrate having a second through
wire interconnect bonded to the through wire
interconnect.69. The semiconductor component of claim
64 wherein the contact comprises a redistribution
layer contact in electrical communication with at
least one integrated circuit in the substrate. 70. The
semiconductor component of claim 64 further comprising
a terminal contact on the first side in electrical
communication with the through wire interconnect. 71.
The semiconductor component of claim 64 further
comprising a substrate contact on the first side in
electrical communication with the through wire
interconnect. 72. A semiconductor component
comprising: a semiconductor substrate having a first
side and a second side; a via in substrate extending
from the first side to the second side; a contact on
the first side; a wire in the via; 



a contact ball on the wire wedged in the via located
on the second side; and a bonded contact on the first
side between the wire and the contact. 73. The
semiconductor component of claim 72 further comprising
a security bond on the bonded contact. 74. The
semiconductor component of claim 72 further comprising
a stud bump on the bonded contact.75. The
semiconductor component of claim 72 further comprising
a terminal contact on the first side in electrical
communication with the bonded contact. 76. The
semiconductor component of claim 72 further comprising
an insulating layer in the via configured to insulate
the wire from the semiconductor substrate. 77. The
semiconductor component of claim 72 further comprising
an encapsulant in the via encapsulating the wire. 78.
A semiconductor component comprising: a semiconductor
substrate having a circuit side, a back side, an
integrated circuit, a substrate contact in electrical
communication with the integrated circuit, and a
contact on the circuit side in electrical
communication with the substrate contact; a through
wire interconnect on the semiconductor substrate
comprising a via through the contact and the substrate
contact to the second side, a wire in the via, a
contact ball on the wire in the via proximate to the
second side, and a bonded contact on the first side
between the wire and the contact; a terminal contact
on the first side in electrical communication with the
bonded contact. 79. The semiconductor component of
claim 78 further comprising a stud bump on the bonded
contact. 80. The semiconductor component of claim 78
further 



comprising an encapsulant encapsulating the wire in
the via.81. The semiconductor component of claim 78
further comprising a second semiconductor substrate on
the semiconductor substrate having a second through
wire interconnect bonded to the contact ball. 82. The
semiconductor component of claim 78 further comprising
a second semiconductor substrate on the semiconductor
substrate having a second through wire interconnect
with a second bonded contact bonded to the contact
ball. 83. The semiconductor component of claim 78
further comprising a plurality of through wire
interconnects and a plurality of terminal contacts in
an area array in electrical communication with the
through wire interconnects . 84. A semiconductor
component comprising: a first substrate having a first
side, a second side, a contact on the first side, and
a via extending from the first side to the second
side; a through wire interconnect on the first
substrate comprising a wire in the via, a contact ball
on the wire wedged in the via proximate to the second
side, and a bonded contact on the first side between
the wire and the contact; and a second substrate
stacked on the first substrate having a bonded
connection with the bonded contact. 85. The
semiconductor component of claim 84 wherein the first
substrate and the second substrate comprise
semiconductor dice .86. The semiconductor component of
claim 84 wherein the first substrate and the second
substrate comprise semiconductor wafers. 87. The
semiconductor component of claim 84 wherein the second
substrate comprises a second through wire 



interconnect bonded to the contact ball. 88. The
semiconductor component of claim 84 wherein the bonded
contact includes a stud bump configured to form a
security bond. 89. The semiconductor component of
claim 84 wherein the bonded connection comprises an
element selected from the group consisting of solder
joints, mechanical connections, welded connections,
and conductive polymer connections. 90. A
semiconductor component comprising: a substrate having
a first side, a second side, a contact on the first
side, a via extending from the first side to the
second side and a terminal contact on the first side;
and a through wire interconnect on the first substrate
comprising a wire in the via, a contact ball on the
wire wedged in the via proximate to the second side,
and a bonded contact on the first side between the
wire and the contact in electrical communication with
the terminal contact; the contact ball configured to
form a non bonded electrical connection with a test
pad on a semiconductor substrate.91. The semiconductor
component of claim 90 further comprising a contactor
on the second side in electrical communication with
the contact ball configured to form the non bonded
electrical connection with the test contact. 92. The
semiconductor component of claim 90 wherein the
semiconductor substrate comprises a semiconductor die.
93. The semiconductor component of claim 90 wherein
the semiconductor substrate comprises a semiconductor
wafer. 



94. A semiconductor component comprising: a stack of
substrates having aligned vias; a wire through the
aligned vias; a bonded contact on the wire proximate
to a first outer substrate of the stack; and a contact
on the wire proximate to a second outer substrate of
the stack. 95. The semiconductor component of claim 94
further comprising at least one bonded connection
between the substrates and the wire in the vias . 96.
The semiconductor component of claim 94 further
comprising a plurality of spacers configured to space
the substrates in the stack. 97. The semiconductor
component of claim 94 further comprising a second wire
between the substrates bonded to the wire.98. The
semiconductor component of claim 94 further comprising
a stud bump on the bonded contact. 99. A semiconductor
component comprising: a stack of semiconductor
substrates comprising integrated circuits , substrate
contacts in electrical communication with the
integrated circuits and aligned through vias; the
stack including a first outer substrate having a first
side and a contact on the first side in electrical
communication with a first substrate contact, an inner
substrate having a second substrate contact, and a
second outer substrate having a second side and a
third substrate contact on the second side; a wire
through the aligned vias; a contact on the wire on the
second side; and a bonded contact between the wire and
the contact. 100. The semiconductor component of claim
99 further comprising a first bonded connection
between the 



second substrate contact and the wire. 101. The
semiconductor component of claim 99 further comprising
a second bonded connection between the third substrate
contact and the wire. 102. The semiconductor component
of claim 99 further comprising a side wire between
adjacent substrates bonded to the wire. 103. The
semiconductor component of claim 99 further comprising
a side component on the stack bonded to the wire.104.
The semiconductor component of claim 103 wherein the
side component includes a cooling assembly. 105. The
semiconductor component of claim 99 further comprising
a heat sink on the stack. 106. A system for
fabricating a semiconductor component comprising: a
semiconductor substrate having a first side, a second
side, a contact on the first side, and a via extending
from the first side to the second side; and at least
one bonding capillary configured to thread a wire
through the via, to form a contact ball on the wire
proximate to the second side, to wedge the contact
ball in the via, to form a bonded contact between the
wire and the contact and to sever the wire from the
bonded contact. 107. The system of claim 106 wherein
the bonding capillary comprises an element of a wire
bonder. 108. The system of claim 107 wherein the wire
bonder includes a controller, an alignment system and
a wire feed mechanism. 109. The system of claim 106
further comprising a stud bumper configured to form a
stud bump on the bonded contact. 110. A system for
fabricating a semiconductor 



component comprising: a semiconductor substrate having
a first side, a second side, a contact on the first
side, and a via extending from the first side to the
second side; anda first bonding capillary configured
to thread a wire through the via and to form a bonded
contact between the wire and the contact; and a second
bonding capillary configured to form a contact ball on
the wire proximate to the second side. 111. The system
of claim 110 wherein the second bonding capillary is
configured as an anvil for the first bonding
capillary. 112. The system of claim 110 further
comprising a pusher configured to push the contact
ball proximate to a back side contact on the second
side. 113. The system of claim 110 wherein the
semiconductor substrate has a thickness approximately
equal to a diameter of the contact ball. 114. A system
for fabricating a semiconductor component comprising:
a stack o f substrates comprising integrated circuits,
substrate contacts in electrical communication with
the integrated circuits and aligned through vias; the
stack including a first outer substrate having a first
side and a contact on the first side in electrical
communication with a first substrate contact, an inner
substrate having a second substrate contact, and a
second outer substrate having a second side and a
third substrate contact on the second side; and at
least one bonding capillary configured to thread a
wire through the aligned vias, to form a contact ball
on the wire proximate to the second side, to form a
bonded contact between the wire and the contact, and
to sever the wire from the bonded contact.115. The
system of claim 114 further comprising a 



plurality of spacers configured to space the
substrates. 116. The system of claim 114 further
comprising a laser configured to direct a laser beam
between the substrates . 117. The system of claim 114
wherein the bonding capillary is movable in three
directions and is configured for rotation about an
axis. 




