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FABRICATING SEMICONDUCTOR COMPONENTS WITH THROUGH
WRREZIINZERCONNECTS Field of the Invention [0001] This RVER$3#06/010044
 relates generally to semiconductor pacikaging, and particularly toa

method and system for fabricating semiconductor components with
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component includes a semiconductor substrate containing various
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a support substrate, such as a modulé substrate, a test substrate, or a

rinted circui ozilrd configured to electrically engage a semiconductor
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that has been singulated from a semiconductor wafer. TFor

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] As semiconductor components become smaller and
have higher input/output configurations, different types
of interconnects have been developed for implementing
different signal transmission systems. Interconnects can
be formed “on” the semiconductor substrate for
transmitting signals in x and y directions.

Interconnects can also be formed “in” the semiconductor



substrate for transmitting signals in a z direction, or "external” to the
semiconductor substrate for transmitting signals in x, y and z directions.
W00 Pdsexample, surface interconnects, such as conductBST/EA2046/010044
circuit side of the semiconductor compponent, can be used to electrically
connect the integrated circuits with terminal contacts on the circuit side.
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[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. 1In 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 1is otherwise wunused. This facilitates the
fabrication of small, highly integrated semiconductor
components. The disadvantages of via interconnects
include a relatively 1low electrical conductivity, a
relatively high capacitance, and a relatively low

reliability, particularly with temperature cycling. In



addition, via interconnects can require expensive fabrication techniques,

such as the filling of vias using seed and plating metallization equipment.
W91 2p¢he other hand, wire interconnects require additiof4I EPa2&&RHP044

insulation, but have a higher electricalconductivity, and a lower

capacitance, than via interconnects. In addition, wire interconnects can
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using the method and the system.

Summary of 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 wire



bonded contact, and optionally forming a stud bump on the bonded

contact. [0011] The method forms a through wire interconnect which
WodE93pfe wire in the via having the contact on the back siBETAHG 4010044

bonded contact on the circuit side. Th%through wire interconnect can be

used to provide electrical and thermal paths through the substrate. The
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actjve electrical elements. [0012] An alternate embodiment stacked
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substrates and the wire in the aligned vias. The stacKed method forms a
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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] An 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 on



wire interconnect that interconnects all of the substrates in the stack. The
stacked method can also include the step of threading and bonding a side
WQRA4ad 14k stacked through wire interconnect using a space R{Sk#i82¢)6/010044
adjacent substrates. [0013] The system includes the substrate having the
circuit side, the back side, and the via. The system also includes a wire

abgadeniisng abosdingrsanitans fot fueadiggxbonding apdsexering Nfeq
wire, clam%:)s or.a_wire threading mechanism for manipulating the wire,

CORE R W ForIGIRG the-Qhtat i BR tha TR, @894 iealibhige in the
akinpoetimentsysterfhec|sdesck adrenbeRed ifsombiRationawiktea Sﬁlﬂﬁrough
per.canfigured to. form stud hump on the bonded contact on the
ng%c%:nt 3i Qé,éo%ca tglrlflw%fgfy a séa%um%ng‘nefﬁg%]&&%&t& th&tackfde. the
swpdiHer bRernake ebfisodireant lysterlirec|ustes ckadre hentlerchawing aalso

- fi di ' fi rf S the ¢jrcyit side of
s D e AR o e co
tRRpShemnkeshck bae et he Yibgrath ARSEPRA GG INatesheditnespace

béysieshingiifiesemwirgpsgder pawing a side feed bonding capillary and a
Iaser@ﬁri%iljred to bond a side wire between stacked substrates. In

addit TR 1EXPHERInPCAHLRT caliBe SoRei@EBotavigy the

cangleifor kaniing aherthiegerallyiadgntechauriaees. 4AQL5] Thtie system
emiconductor component includes the, substrate and the though wire
2 SETicondy Hude

ntercannect. The tirotgh Swire RS ontRE RRluBe LARIRIINGAR Tkl 2Ty

el
formvitigreediogiedocortactprathe crevésidey abhdhertostactdanbe or a
whACk sifle. MulllesegieaNipIor CompRNEn aan WO 2006(410266 .y 4
PCT/US2006/010044 6 stacked to form a stac ed componen avihg
VaRAdERI cHNiEtiBAs bhevaantrHormiedtésntadis®n the circuit side,

and fip LN RASLNHELDACK SRy 08 BRGNS FOLMPNENS udes 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 of 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 be
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 can



[0016]An alternate embodiment interconnect component includes a
through wire interconnect having the contact on the back side, or a
W@ aMrate2eontactor, configured to make non bonded electricRICT/US2006/010044
connections with test pads on a device under test. An alternate
embodiment stacked array semiconductor component includes stacked
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interconnect. [0017]An alternate embodiment side wire semiconductor
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the stacked substrates can include a heat sink, and the
side mounted component can include a cooling assembly.
An 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 Drawinas

[0018] Figures 1A-1H are schematic cross sectional
views of elements of the system illustrating set up steps

in the method of the invention;



taken along line 3B-3B of Figure 3A illustrating a semiconductor substrate

of the system; [0022] Figure 3C is an enlarged schematic cross sectional
WQRMstEKBMbalong line 3C-3C of Figure 3B illustrating elemen®CaAya006/010044

semiconductor substrate; [0023] Figure, 3D is an enlarged schematic plan

view taken along line 3D-3D of Figure 2C illustrating elements of the
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of 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
of 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 2I illustrating elements
of the semiconductor substrate prior to a new cycle of
the method;

[0027] Figure 3H is an enlarged schematic cross
sectional view taken along line 3H-3H of Figure 3F
illustrating elements of the semiconductor substrate
following the stud bump forming step of the method;

[0028] Figure 3I is an enlarged schematic cross

sectional view equivalent to Figure 3H illustrating



[0031] Figure 4B is a block diagram of an alternate embodiment system

for performing the method of the invention; [00321Figures 5A and 5B are
Waegpemitécross sectional views of another alternate embodiR¢dnt SAeEdn0044

for performing the method of the invergion; [0033]Figure 6 is a schematic

cross sectional view of another alternate embodiment system for
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with the invention; WO 2006/110266 PCT/US2006/010044 9 [0040]
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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 11A and 11B are schematic cross
sectional views of an interconnect component constructed

in accordance with the invention;



of a stacked array semiconductor component and a module
semiconductor component constructed using the stacked method; [0044]
WEHBed 1306 15D are schematic cross sectional views of stacREd/Ay2Rp6/010044

side element semiconductor componegts and module semiconductor

components constructed using the stacked method; [0045] Figure 16 is a
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emiconductor component; [0046] Figure 17 is a schematic cross
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outline about the same_size as the outline of a semiconductor die. [0
SRR TS ERfureS ARLPA IR U5 SRPE TV fHee thethdins thEheveRtarked
metaddistrated. For performing the method of the invention a wire bonder

10 (Fi can be _provided. Preferably the wire bonder 10 (Figure
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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] As 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.



manufactured by Kulicke & Soffa Industries Inc. of Willow Grove, PA, and

SPT (Small Precision Tools) of Petaluma, CA. One suitable wire bonder
WO280mH8246'8098" large area ball bonder manufactured by KEESKER 08044

Industries Inc., having a total bond plaggment accuracy of about +/-5 pm

at pitches down to about 65 pm. [0053? he wire bonder 10 includes a

bondi illary 12 configured to bongd.a cantinuous length of wire 14 to
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[0053] The wire bonder 10 includes a bonding capillary
12 configured to bond a continuous length of wire 14 to a
first contact 20A (Figure 1C) on a substrate 22 (Figure
1C). For performing the set up steps, the first contact
20A (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 um
to about 150 wm. 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 aluminum-
magnesium 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 melting



The wire bonder 10 also includes wire clamps 16 operably assdocilated

with the bonding capillary 12, which are configured to open and close
WQRHettHRGfire 14 responsive to signals from the controller 21!{0{@55‘}%@910044

also shown in Figure 1A, the wire clarqris 16 are op_erably_assouate_d with

a wire feed mechanism 17 configured to feed the wire 14 into the wire
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cont l.30 (Figure 1B) is also known 1n the art as a “free air ball"
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cokkeyerdid #OMABBd 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] As also shown in Figure 1A, the wire bonder 10
also includes an alignment system 26 configured to
ascertain the locations of the bonding capillary 12 and
the first contact 20A (Figure 1¢), and to supply
information on these locations to the controller 24 for
aligning the bonding capillary 12 to the first contact
20A (Figure 1C). As an alternative to the above
arrangement, the bonding capillary 12 can comprise a
stationary element, while the substrate 22 and the first
contact 20A are moved into alignment using a suitable
mechanism (not shown).



bonding capillary 12. [0059] Next, as shown in Figure 1B, the electronic

flame off (EFO) wand 18 is operated to form the contact ball 30 on the
WerdPertion 32 (Figure 1A) of the bonding wire 14. A diaR{Et&r 3810044

contact ball 30 will be dependent on tf11 diameter of the wire 14, with from
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t 4 times the diameter of the wire 14 being
representative. 1In 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 2z direction towards the
first contact 20A on the substrate 22, as indicated by
arrow 34, which captures the contact ball 30 in the
chamfered opening 36 (Figure 1A).

[0061] Next, as shown in Figure 1D, the contact ball
30 is pressed against the first contact 20A with a
selected force, and ultrasonic energy is applied to bond
the contact ball 30 to the first contact 20A and form a
bonded contact 38 (Figure 1E).

[0062] Next, as shown in Figure 1E, 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 1F, the bonding
capillary 12 presses an intermediate portion 44 of the
wire 14 against a second contact 20B on the substrate 22
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by arrow 48, while the wire clamps 16 remain open. [0065]Next, as shown

in Figure 1H, the wire clamps 16 are closed, which in combination with
WM blBa%ent of the bonding capillary 12, severs a terminal RfSF{ioy 2 E0/610044

the wire 14 from the second contact 2938 In addition, this severing step

forms a wire bonded wire 52 having theé" bonded contact 38 (Figure 1E)

bonded to the first.contact 20A£gure 1E), and the stitch bond 46 .
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[0066] As also shown in Figure 1H, 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
l6. 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 of the contact ball 30 (Figure 1B), plus a
selected clearance distance. As 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] As shown in Figure 3A, in the illustrative
embodiment the method is performed at the wafer level on



dice (KGD). Also in the illustrative embodiment, the semiconductor wafer
56 comprises a semiconductor material, such as silicon or gallium

W 288611d8246 addition, the semiconductor substrates 54 are irPHEYS2AG6/H{10044
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2 ot AHEPLES iRRiudifESAmIC Dladtic: IHFE prithed QbR g a

P ipeRY imstabéad rameend ¢lerdirctio substtasase §0369] B4 showowever,

e o e e
"first si ip some of t c and a back si

c%asér%égof gec{flalr}gr)#s{1 T a3 |t|§ﬁ %) semlcoqﬁglf{c? sifstrafitSpulated

sﬂmtﬁﬁluraﬁﬁﬂpaf &SosHHITEdMEEE HRasethd treuieside krowhiclgood

dircehe(ifeinative mbmimanttnmpﬂsath@uiwipﬁv@ndnm@lﬂéﬁt the

s SHAISIRICRNLASLS S%Q%Wme%se%mgggl%% uctly ﬁbond e or

etal, sych as alumlnum ora wireb e an dera e met , Stch
3 c:'f)ﬂi é‘r r or RS HTatichriFeRls %‘Elchgéslédlél’é‘i’ COHEGRdEs. For In
a@ﬁﬁﬁlm,thbr@memmmtdugﬂmtrmsswmuegam with obly fslee form

o ubgleaie cenacls ESarAaed ingngle roy. Howeyvep i agiah ¢ i 0a1
C&r&q[ ggsemmondu%tor substrate 54 can ”:l, clude tens of substrate

conta “arrang8d m a%esfrtécfné)olﬁﬁguﬁ?B ISR ERREL GGy, OF
lr&ﬁ%’d’@g arfyCor dMagR af@RIE0TD] As showemeatigureidC, the to be
ursdbsteate cdntackn 68 aleein eleeed cEMuwhtionWitheypal can  pe

p&@ggﬁ@&s g%oggﬂgflrgwgglgsg% fthe %eé} i#c:onductor a?n‘i%s,”at%g‘s‘ Tc,

addition, the internal conductor
taRey/ RSHBERL06AE bidre o @I‘”e‘étn&g% migieadonl R infspagd or
f lstsuitd BBihtthe westicendisctor substrate 54. Further, a die passivation

layer 686y tha sircudtiside62 pratects i res 38 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). 1In addition, the
semiconductor substrate 54 includes a plurality of
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 highly-
conductive, 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] As shown in Figure 3C, the substrate contacts
58 are in electrical communication with internal
conductors 60 on the circuit side 62 of the semiconductor
substrate 54. In addition, the internal conductors 60



internal conductors 60 and the integrated circuits 66. The die passivation
layer 68 can comprise an electrically insulating material, such as BPSG
WQRspedheRohosilicate glass), a polymer or an oxide. All of thePEB P @P10044
the semiconductor substrate 54 |ncluq| g the internal conductors 60, the
integrated cwcwts 66, and the passwatlon layer 68, can be formed using
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contacts 70 can comprise a highly-conductive, 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.

[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. 1In addition to redistributing the
pattern of the substrate contacts 58, the RDL contacts 70
provide additional connection points for testing, such as
probe testing of the semiconductor substrate 54. us
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 alternately



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
W@ aHKetjleest wire bonding step. Also the additional solder IayBCEéHS&QWOlOOM
configured to melt at a temperature whjgh is lower than that of the wire
14, such that the wire is better able to maintain it's strength during wire
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36@0@G&9§@%5076“*§§§“§88ﬁings 117 which align with the
substrate contacts 58. As another option, the openings
116 and 117 can be combined into single elongated
openings.

[0075] As 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., Si0,).

[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 of any of these
processes. For example, the vias 76 can be formed using a



17 dry etch process, such as a reactive ion etching (RIE) process.
[0077]Another method for forming the vias 76 combines etching and laser
WQOABmiHrocesses. For example, an etch mask (not showh§ Bit$4A6/010044

etching process can be used to form tfz;e vias 76 through the RDL
contacts 70 and the substrate contacts 58. Depending on the material of

e RDL coniacts 70 and the substrate contacts 58, a wet etchant can be
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(Figure 3C) can also be formed using techniques that are known in
the SURRALATSyMerdasIsHiciar ckidegRnFaivin inglaphgdeps 78an
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mé@ﬂwﬁing 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 um to 100 um
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 is



parylene C, parylene N, and parylene D. Parylene is WO 2006/110266
PCT/US2006/010044 18 available from Advanced Coating of Tempe, AZ.
W@QH8o/dlfixgble deposition apparatus is a portable parylene dePobitig06/010044
system, designated a model PDS 201(i)éTABCOATER 2, manufactured by

Specialty Coating Systems, of Indianapolis, IN. As another example,
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iMiest4heving teatRidengiit, the wire 14 (Figure 2A) has an
outside diameter of about 25 um, and the vias 76 (Figure
3C) have an inside diameter of about 50 pm. In addition,
& 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 um to 725 um 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 the



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
W8T @egNns with the WO 2006/110266 PCT/US2006/010044 TIGS28¢p810044
of a selected via 76. The alignment stepcan be performed using the
alignment system 26 (Figure 1A), and the controller 24 (Figure 1A)
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appliggoBuIsawhere famex b diffirult {o,align,thg fermigal prdtiop,p0with
ség% 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 1Aa)
of the opening 36 (Figure 1A) in the bonding capillary
12. The opening 36 (Figure 1A) can then be aligned with
the via 76, and the wire feed mechanism 17 (Figure 1A)
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 27A). 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] As also shown in Figure 2B, a ball forming step

is performed in which the EFO wand 18 of the wire bonder
10 (Figure 1A) is used to form a contact ball 90 on the



selected tail length TL, and thread the full tail length TL through the via_
76. [0085]As also shown in Figure 2B, a ball forming step is performed in
WQHieH ek FO wand 18 of the wire bonder 10 (Figure 1A) isR{SEYI06/ht0044
a contact ball 90 on the WO 2006/110286 PCT/US2006/010044 20 end
of the terminal portion 50 of the wire 14 In addition, the contact ball QQ
erl;és an outside diameter that is larger than the inside diameter of the via
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[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 wvia 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) of the via 76 (Figure



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
Wi Rothe via following the pulling and wedging step. AItW&T@H%G/_‘HOOM
contact ball 90 (Figure 2C) is wedged into the via 76 (Figure 2C), the wire
14 (Figure 3D) remains unattached to‘the sidewall 100 gil%ucr;a 3\Iljzhotfhthe
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16RMBILORENSHINAMEERDL 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 1G. 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 be performed
substantially as previously described and shown for the
severing step of Figure 1H. This severing step forms a
terminal portion 110 (Figure 2G) of the wire 14 which



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
WQRHRE8MeGAMRE capillary 12 is moved as indicated by arrow 98 (P{GUESZ004/630044

sever the wire 14 from the bonded coract 92. The severing step can be

performed substantially as previously described and shown for the
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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 1A4).
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 b5A-5B)
operating on the back side 64 of the semiconductor
substrate 54.

[0094] As an alternative to using a single wire bonder
10 (Figure 1A), 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 or



operating on the back side 64 of the semiconductor substrate 54.
[0094]AS an alternative to using a single wire bonder 10 (Figure 1A), a
W@ aMerate2eeud bumper 124 (Figure 4B) can be used to form tRe&KHHG006/010044
bump 106 (Figure 2K). One suitable sigd bumper is a "WAFER I_DRO
PLUS" high speed large area stud bumper manufactured by Kulicke &

Industries In¢.. of Willow Grove, With a separate stud bumper,
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gapillary 12 is moved to capture the contact ball 108 substantia_l y as
previously described and shown in Figure 1C. Following capturing of the
contd®084) Mexihe bvRdiseaiiaryms afigyed-eith2iie bobbed dootading
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indicated by ar 04, ex shown jn Figure 2,
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“Afiton, ??e’ b&Tding dfp%ﬁgrg 1YmBbESY skiéted distance with the wire
clam098 bpéaxsuch that asdrovimal portioF5@(Rigure2J, 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. 1In 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.



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
WQRM6([AERS6Figure 3H illustrates the through wire interconnecPCAUNRANG/010044
the stud bump 106 on the semiconducﬁg{r substrate 54 ina cross
sectional view. [0099] Next, as shown In Figure 2L, the bonding capillary
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ad3() e berdrPoFHed OR NG REAIGNWIIG) 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 1A).

[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 37,
conductors 82 and terminal contact bonding pads 118 have



interconnects 102 to prevent wire sweep. For example, Kulicke & Soffa
manufactures a product under the trademark "NOSWEEP" encapsulant,
WoMHieH1d89be dispensed and cured during operation of the WRETHEPRI86/0 19044
(Figure 1A). [0102] Referring to Figure,3J, the through wire interconnect
102, and the semiconductor substrate’54, are illustrated in an enlarged
Cross sectional view afﬁr an ogional step has been performed. During
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of a hi conductive metal using a metallization process, such as
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h g iy CoRRION, & Uer athe ferminal contactbopding, ; 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. As 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] As shown in Figure 3J, the completed
semiconductor component 86 includes the semiconductor
substrate 54 containing the integrated circuits 66. In



pads 118 (Figure 3J) and the terminal contacts 84 (Figure 3J) can be
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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 1Aa),
the wire clamps 16 (Figure 1A), the alignment system 26
(Figure 1A), the controller 24 (Figure 1A) and the EFO
wand 18 (Figure 1B). 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).
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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 990. 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 +thinned



be used to form a stud bump 106A "on", or "in place of" the contact ball
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can be used to interconnect stacked co ponents. [0110] Referring to _

Figure 6, an alternate embodiment system 130 includes the two bondlng

capillaries 12A, 12B,_ and also includes a pusher mechanism 132 which is
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eniBgsereAd hopdingrcapilary 128. Alse W IPs At e 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 70T. Both
bonding capillaries 12A, 12B could form a bond on the
outer and inner surfaces of the RDL contact 70T, or form
a wire rivet through the RDIL contact 70T. As another
option, the second bonding capillary 12B can be
configured as an electrically conductive spot welder such
that the contact ball 90T can be welded to the back side
of the RDL contact 70T.

[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 semiconductor



embodiment system 144, the RDL contact 70T can include a through hole
allowing the bonding capillary 12A to feed the wire 14 through the hole,
Wakipod ¥ees air ball (FAB), pull away, make a wire loop, and tRER/HfEREc4Q10044
security or stud bond on the surface (()T;d?DL contact 7OT._ Both bonding
capillaries 12A, 12B could form a bondon the outer and inner surfaces of

the RDL contact_ 70T, or fo wire rivet through the RDL contact 70T.
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iﬁ%@?%%ﬁ%gé g 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. 1In 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 1062
(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 Dbonded 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, the



constructed in accordance with the invention is illustrated. The stacked

component 154 includes the semiconductor component 86 with the
WeRWeghoAtee interconnects 102 having the contact balls 90 oRGRA/ BR{8kR/010044

side 64, and the conductors 82 and the terminal contacts 84 on the circuit

side 62. In addition, three separate setfliconductor components 86-15,

86-25 and 86-35 are stacked on the semiconductor component 86. The
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addition, an undertfill 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 11A and 11B, an alternate
embodiment interconnect component 86I is illustrated.
The interconnect component 86I 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. As
indicated by arrows 158, the device under test 156 can be



connections 174 there between. The bonded interconnect connections
174 can comprise solder joints, mechanical connections, welded
W@ aMeiddefs, or conductive polymer connections formed betW@@r‘ﬂﬂ?@Oﬁ/OlOOM
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
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vi% 76 as previously described, but with the ball 90 free
to move up and down in the z-direction. 1In 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 867I.

[0117] Referring to Figure 12, an alternate embodiment
interconnect component 86IC is illustrated. The
interconnect component 86IC is substantially identical to
the interconnect component 86T (Figure 11a). 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. 5,483,741



composite material. Also in this embodiment, the through wire
interconnect 102 can optionally be free to move in the via 76 with the loop
WQReRGIhY Hexure without fatigue. in this case, the through Wi@’ﬁi@f&%ﬂffﬁ@é@“
102 can be springy enough in an unlogaded state to keep the ball 90 in a
position away from the outer surface of the interconne(gzcompgnent 861.
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remTﬂfﬁH 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 54cC.

[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 there



[0118] Referring to Figures 13A-13G, steps in an alternate embodiment
stacked method are illustrated for forming a stacked array component
WEeEAMere 13E). As with the previous embodiment, the stREREES2006/010044
method can be performed at the wafegJevel on a semiconductor wafer 56
(Figure 3A) containing a plurality of the semiconductor subsltratgs 54,
terpately, the stacked.method can be ormed on singulated |
asém%%ﬁgfjc?&as%%gﬁatgg%4,?gulc%uﬁg bg%&o?ic SSfHouh Joaditete to
thRGENr AN PftidCas SMEGANATRRAE 1D 9turatemicuhRiubh .
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thermizeligirein af thehsecopdceuter sefRicondncteeputsiin 24DvEherange

e Ter e o ot oo AU D) 1o
erein as the inner . .
a(%gf‘gg]] The %Bac%e?g 182 ?Fi%%f% 15RFESS canffse?d dhethFdmnng 132),

thg|depastersolyiBer, 6Bdlgusen Epbyy el sesidtevha spackrptéean behe

s éarinashditestyy en tbam&ia@;@wctgr@@%ﬁw%%ﬁ% gEPH_&PeC'a'The
t n) pn.the semi ctor substrates - , using a

s%?gt?éggsu?r?g\'ls st dlb%%p?ng?%% lioon%%sg’g?sc SdBorintiflg, ort9n  the

SIOERRGUTRR GoRiiRtes FRosdRrimgoRethenisherive As will
bemlifotimbeithess)dx 20061116266 PSTAIS2006/030044 B3que fur1 3a)

pEPaes g 83 (Fégwg‘}?@)d&%ateﬁﬁ%q‘@%e @ J0eGaRers githe,, fing
sem|C(1r}Lduc or substrates 54A-54D. [0121]The spacers 182 6:|gure J)
13555 SpacesPA MRS S FE RS BRI A dR R AF SaRRON AR5 4D .

Inymaddics 5an,54bhavirgpasgasing B3Rhichdn egnel tac theftejgitead  to
pilarSRRCAk 188e4 Fapgeentative rangsyioh the spaging 5470 bs el
sd%gg%égggnbi%—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 an



addition to forming the spaces 214A-214C (Figure 13A), the spacers 182
(Figure 13A) also level and prevent the semiconductor substrates
W@G2AWBUReom tilting. The spacers 182 (Figure 13A) also hel®¢d/AIRGAARL 0044
semiconductor substrates 54A-54D to.gpe another. As will be furthe_r
explained the spacers 182 (Figure 13A) preferably allow some relative
movement or shifting laterally between the. semiconductor, substrates
ugfﬁ%bfﬁm a&&’iﬁégr]f, thcérspa%tce?% c%thﬁle RGeSt %ro@_ﬁlﬁ?gflal ’
beEURRYS fé??n&ﬁﬁ@‘ﬂ?@@éﬁm&iﬁdﬁl@hﬁtﬁﬂGmméﬁMAmq relative to
one {0028 Hagthes dmitbe saupiaed @Maﬁéﬁ%%ﬂﬂ@u{)ﬁ tlf%?h@&re
e i eri tween the semiconductor substrates
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rial ~(e.9., sqlder) between adjacent semiconductor substrates ,
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3G rHEPShARE EBhbleRE dRRIEHIAS BBSAe gagiRet3E), the spaces
214N PIRAT (hguret 13AxallowtBuidsdemdelingws beating i trate 54a

. _ ' ial, .such as
e o e TS St 1000 CePeeiom (O OF SRatimar)
SRR maYeriF, BERE AL eifssidiest SastRRis spntapts 70
(Hogra€ ad® $emicbndacidd sulusirate BEA-SUEs(Figureet3Aeaise sredligesor
subbrrgheia F0A-76 (awe 139aPrmeddhrpsgh a gdhsialecaptacts ;
(§¥%3§QD£%Q?$E%%Q’terminal contacts 84A (Figure 13A) in
electrical communication with the RDI contacts 70A
(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 76B-
D. 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 a



substantially as previously described for through via 76 (Figure 3C) and

the substrate contact 58 (Figure 3C) on semiconductor substrate 54
WQRIWGEIEAS. In addition, the substrate contacts 58A-58D (Fig‘fﬁ@@éﬂ’ﬂ@&hﬂ‘m

be in electrical communication with in %grated circuits 66 _(Flgure 30),

and can include insulating layers 78 (Figure 3C) substantially as

I escribed. [0124] The first outer semi¢gondyctor substrate 54A
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The inner semiconductor substrates 54B and 54 igure 13A), an the
second outer semiconductor substrate 54D as well, include bonding
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.qald or a gold alloy. Alternately, the bonding elements canbem
Wi S #3500 p R FRISobbe/ TSR FPGonsieRikisdiyieds not
shewrerian InFaidaitions theFontidRy elembnisoifhcarhislogmMedasinerd: of
thallitakie pERPessSUgl AerSaeeN RNEIRY. deRosfionhroughaimagky 4 n g
caﬁ%?f&yy 12BN, the bonding capillary 12 (Figure 1A), 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 1A)
configured to perform an ultra fine pitch (e.g., < 65um)
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 pm. 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 as



polymer curing. As will be further explained, following a heating step, and
a shifting step to be described, the bonding elements 184 form bonded
W@ aMeeiddeis 186 (Figure 13E) between the substrate contaciRIEEIHRR010044
and the wire 14. [0126] As also showré' Figure 13_A, a bottle neck _
bonding capillary 12BN is provided. In"addition, a wire feed mechanism

7BN_is operahly associated with the bonding capillary 12BN
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548A-13F. Although this embodiment of the method is described with the
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or ae[éiﬁc?] B CIsGBe %QQ&’.D[O}?7]FF{$§1§&1d1r$§ea;ﬁlla¥9anngg wreep

i93pgrénroemphse apelendmoftheira boadeesachas Has IHAVIYSY +o

ciiesaubachBoncing capllanASEiULadAL cpfidureg fg beypn A0 .,
ing pc"ﬁ:h (e.rg , < gpm% wire bonding process. Uitable Bottle hadk .

tl]é)%ndlnge cgpfﬁa%gs aRrmERErEEIEd by BPISkiaR PEsamion Daslk) sfide

6 Hrtaimat oA, ©Re enhblurLing eapitianydiscdasignated ss:rareldsdp.,

Alsﬁmﬂmaib@m&pecltq—&BN)tga?pgl%d&r{@h.ct:gﬁ:l@ Ofg%ﬁ!g%:%%(:i ggﬁ%{% ]ne q

il e, sq manufactures suitable bon I .
S e RV BEALT” AR thRtr S b4 At by
Lornimgntaantaithched g o e é@eked aay Q80 tiethe stacked and

theramos8a ajl dftthe blmpﬂghgia;fﬁ&Bé@:ffﬂlig@%%ﬁ'io’euﬁsél;‘]i(;&ﬁ@é‘ction .
longitg¢ivpal xis 216 [ rance us - . .
Agnf%‘i’n"?o??%%em%l%n%% SbStrABE L. 457 arfh {Btihg SPFRLDS

St§R R 1B LARBRSE cdMpiEhiusihPedtignaiadd idhiguased to
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wiafignenbonrdessJageianiaa) fixires-and LRAOWOVRNS. ribed 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 of +the second outer
semiconductor substrate 54D, and to wedge the contact
ball 90 into the wvia 76D.

[0132] As also shown in Figure 13D, a stitch bonding
step is performed in which a bonded contact 92 is formed
on the RDL contact 70A 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 70A on the first outer semiconductor
substrate 54A.



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
WQ 206d iWeading step is performed by operating the wire feeBGRAEIAMEHP044
17BN to thread the wire 14 through thg aligned vias 76A-76D such that
the end 218 of the wire 14 projects from a back side 64D of the second

outer ' ctor_substrate 54D. Alternately, the threading step can
be e@%?r%%%g%%bstg%tiaﬁsfl oggsnprjél\q/ip %@/ud:eesci'lggd iPFgaRs2RIppter is
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tiendmgeapilant b2 ifidbe zdbadin. P33AENexoas Shoye. in FigdiRver,
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=Via YE[D. [0132F AS Blso Shdvit rOETSG g sfitchbbhainte sheri
suhioRPed iPWERETa Befded Thstaghd s tsifogmetiepn 1Bt scothactwire
14pAscthe ﬁ&s&ﬁutﬁ:ltselfﬁdﬁmt%.rfﬁjbgthtg@@. ll‘piaéjéﬂt!%gﬁ% g g le)\/e?nd
ing. stepJs med antially. as previously describe )
R e L T e T e (S LIS
PLREFESHIEE: $678A Brighretha) ithiadesl4 wmpn b ofe ®ire Mias 58A-
5 &RrebzlednAgpushittie edigbed siagaibAl 7 6ldc dbedlrougbvigkample, the
LrifiercossRetiRR abbe Inlulasieccanact ball R ondys pagesids o,
Pecon%outer semiconductor component 54D, and the bonde

.640 of the I
rl%?w%aé%Z on° the’RBT c%ﬂtg}c? 78R o3R8 fiFtSuidi@micseesductor
sulpstatees /4 QNVCRPO(B? 1 EJZ6BLRC THIS A006/AEDE4bS7 from 5 um to
15 um, for a total shift of from 10 Hm to 30 um. 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. 1In 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.



[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
W edd26mnections 186. However, prior to the bonding step? GI&hH{i96/010044
step can be performed in which the mjigdle semiconductor Sl_Jbstr_ates
54B, 54C are shifted in opposite directions (or in the same dlrectlon)_as
indic y.arrows 210, 212. The shifting step can be performed using a
suitamggrﬁlé'nsan%{s\hrﬁ "Shchhs BYSEher HggE The BfifiRg RS bRehatpeked
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( in"Figure 13F, the bonding step can be performed using a laser 220
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5 A Sfracifdy TNee: tieBdFRRANGEDF suBRRARRENt 86M
camuAlBaD koaste dnoticer. Slitatie tabes systems ton petfipemingppdaseing
subechiaing stepare reanuaeikredhy X3l of Rublin. ;leland. and by
wiE@CE8€%¥%Eﬁ%eE%"f@EO?FT8ﬁ§§Q14) 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 54cC. 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 an



WO 2006/110266 PCT/US2006/010044 38 [0135] As shown in Figure

13E, the completed stacked array semiconductor component 86SA
WoridE93pfe stacked array 180, and the through wire intercoRGE RIS 0044

which electrically connects the semicggductor substrates 54A_- 54D. If the

semiconductor substrate 54A-54D comprise semiconductor dice, the

emiconductor _component 86SA can be referred to as a
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exi@iding fhevyacked aaay H80(Figare 186} ingly dagrees apd aligaing: 1 o
elﬁﬁéﬁ¥’T§9b?P999re 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). 1In
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] As 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. As also shown in Figure
15a, a semiconductor component 86N includes the side wire



capillary 12SF to the space 2148. Side feeding can be self guiding by the

dimensions of the space 214B, or an WO 2006/110266
WEOIHIE2006/010044 39 alignment structure, such as a patt@GTESH06/010044

can be formed in the space 214B. As gpother alternative, a real time

alignment system such as an x-ray vision system can be used to adjust

the. athdof the wire 14 in the manner_of a medical procedure for threading
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sutide mouted glemami 206 sughasa C"’l'f@\(r\_{[ﬂlzg aBB%ﬁ%BE%O”QH&t wire

ugstratg a semlconductor pacga%e or a cooling asse
require onfiguration. As shown in

Figure 15D, the side wire semiconductor component 86SF
can also include a heat sink 252. As also shown in
Figure 15D, the side mounted element 206 can include a
cooling assembly 254 having a cooling fan 256. As
another alternative, the side mounted element 206 can
comprise a substrate housing a CPU to memory buffer-
bridging device (like a NORTHBRIDGE chipset or an INTEL
HUB ARCHITECTURE (IHA) chip set). 1In 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.



In addition, the completed side feed through wire interconnect 102SF
includes the side wire 188 bonded to the side mounted element 206. As
WQRMEHOME in Figure 15A, a semiconductor component 86N REAI(180H 10044
side wire WO 2006/110266 PCT/US2006/010044 40 semiconductor _
component 86SF and the CPU compoﬁ%nt 190 mounted to a supporting

subs 02. substantially as, previously described for module
compﬁ@g‘é éé"fzt (i@ﬁ?ee 4 AEShERAHEPREHC EBB, tieos@arentucsE LW

(EdpBRent 6B6NEdFrincladela fies side whe d831RNer2:58CONGLEee MR o+

L Do g 25 e i e clenabiAds it KISIRER o
' 48,in the side mou eleme )
lﬁ%%%lgeam 22225(1%9?1%%?)%0:1 ndiNG iR sdonblgde ReaBsassd to

Lo HRitiBn CORRFARARF APy 126F (Fijgvee3Rpoan battenfigaeeddori re

2 Zétativarby1s9 frborthedpositiad shawipife E%Jéld&p 13R4\s %ﬂ%v;tqe)i%%{%g ?n% 6,
t n inglude a riser substr , al
u;%%o%g %%@?8&%%%%%§§?01% r?s?elr%lﬁﬁgt%?@%o. %ef’"ﬂgé'rtlon r
bR 0 e e oBHECR BHR B Tic aRBBRR R ta 8&mihid Edigstrate, 16 )
Hladl suBSFatdoa Mokt isubstrate, siaibleealentRbdIRMRY GINFLEIORS o
tiandsiesioond padpsheddeq e conlgyRlon /s SN, EIOUELS0:, o
+Hhe side Wi es mifgr%%l-gccé%r com?ponen 868F_ an also include ahea ke
sink ?52. X;s afso stiown e PREFE 158 #idisideRodred e fent 2060
bondstiudeer BeSiRg 2BSemble 254 Ravingal deatiag fan 2560 A8 ANOINEE e
s egiteroaties the sitenponeied £l@pent 206 can comprise a substrate

housi or, fer- bridgjng device (like a NORTHBRIDGE
cﬁﬁo@g%gr]% :%%QEPE%Bi) d?ﬁ’&ecgj&%ﬁm&) CHiy S8 SIneRRAfbment
OLAEYHE mIBREEERRent OB LeaRING R seckep tor enountifg asside s

i1hpaimpkeCPU pabkageattachad e thercooing carsemblyedid. [Hdl ges
anRefegingite Figuwse 16,3 a'B%%Fexﬁé‘H%OdE%e”én'O%%@éjavﬁ'{% material,
suﬁ{niggn%ucé%rr%oquo%gég L\I/nvalgellll:‘uisglafedé glass filled polymer
or a plastic. In this embodiment, the semiconductor
component 86058 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 860S (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 860S (Figure 17) also includes a through wire
interconnect 10208 (Figure 17) formed in a through via
7608 (Figure 17) in the organic substrate 5408 (Figure
17) substantially as previously described for through
wire interconnect 102 (Figure 3E). The through wire
interconnect 10208 (Figure 17) includes a contact ball
9008 (Figure 17) in contact with the organic substrate
5408 (Figure 17), and optionally with a back side contact
232 (Figure 17) on the organic substrate 5408 (Figure
17). The through wire interconnect 1020S also includes a
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and the passivation layer 68, all of whjch are constructed substantially as
previously described. WO 2006/110266 PCT/US2006/010044 41 [0142]

g 0 jre iconductor co nent 861l W (Figure 16) also )

Sﬁ%ﬁj esp g%ﬁoug%?%re &%&r%gﬁﬁeg}p}sz Rftiret )?&ﬁ]gﬂ%ﬁ}du‘:tlve

TP AR Wifd 99hRtold Jeoped wire 224 (Figure 16), which is then
comd@kﬁcﬂef&rnﬁagomre&ﬁ@dﬂwmgzalﬁFigg!qgé;@aggeémment

£Y6 224 canbedomednant EARPIESREAINRANG BT 226, ySing e
Eondln capillary 12 (Figure 2A). In addttion, the loopéd wire

T sgmiﬁg%ﬂifjg?&d&bw&em%?@iﬁuré qE§ camedudes toXaithataate

5 4Eekdthvsmponentisienarad ribe Stacked campenrant d 4& fhgeed). In The

stiis ceasa-the ghepgh-wie ie@&g%@&t 1921 V¥ £ap pg used t%Ta%‘é(%ic , a

d connections between adjacent lopped wire semiconductor
m%ggn%%néﬁts%@w}mﬁgfﬁ%?e]?riﬁlﬁ)fﬁﬁg@re 1774 aféfifareircuit 236
1ncitinse Al eiqatie 6bskrre semibdduép clinporent @605 i€lexible
palustratedndberseamicqaducior m@qﬂgﬂi&lwéﬂ@qllrJd%@na?rgggguctive

tr 4 f rganic material, such as a circui
tﬁga%%ri?lgf g%%é%%%%@m%?%ﬂeaep a_ts%‘:? Inthfs grﬁﬁSd]’?ne?‘lﬁ¥ﬁ§ o 238,
2% micor It PoentBe (RELAFEY & the TS & 42priatdthaivait the

flryareix@ud tir@dig atbABhapeubleatirases 4F30C semiconductor
PackFIAc) OB SSTIREEIAL PBEkA0En A I SERIR SCTIooNiCIOn o
alp$Cka%edi%]aAé§The %%mlconggcto,r compohent 8605 (Figure asFo:.L e
includes a conductive o938 Ergre 1T REGRRRE Sire HOABEDI4Fig
1 &bntherrsd Figorea 7): hngagiolywien inkbikging Bygu2ad (FRreily).the
sdﬁkxﬂﬂhbomhwgﬂ6EB§E¥@“W§W5éEQE%%%EEQ?i9CQQQ%%QU98@%ly
aMEE IRELCOPDEC Q202 fiqure 17) Tormed in a through 2 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 11A and 11B.

[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.
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9005 (Figure 17) in contact with the organic substrate 5405 (Figure 17),
W@rﬁ ogional y with a back side contact 232 (Figure 17) on the organic
st § (Figure 17). The through wire interconnect 10205 also

includes a WO 2006/110266 PCT/US2006/010044 42 stitch bond 460S

gigure 17) bonded to the conductive trace 228 (Figure 17). [0145]
1. Asnethocyfth TRyl 18 2R RieanTkIRlOR FRRRARRBA EOANY IS ALt

pref AN S PR S RIS NS GTde, 1S HtHIPSRE: a)BHeIR AN DR e first

component 86FC includes a substrate 54FC having a flex circuit 236

attacHigl ane A axtiending SiraugistecUbsiiate captrse and dra migstesis st the
a i ~material. The flex circuit 236 includes
dieﬁﬁ%?%@%f@?%?@%gg%med of a flexible polymer material (e.g.,
pravatinyialbdiadiag, capil arg bavingtev®i teavich2xérasndvpoitien; between the
dielectric layers 238, .240. In gddition, an adhesive lgyer 242 attaches the,
T S50 T PG s 1 PR DC A B GG the boning

compgigahdehrtkeigkgesitd) also includes a through wire interconnect
102FS (Figure 18) formed in a through via 76FS (Figure 18) in the
forsnipgtreaentart-en (bryisranme) Boia HeaNYNeSHMAS gy aéscribed for

b wire | . : Th >
o B B e Oy e R LR
with hbedelitsttatebste Higuvireld)] Hresabstitt duontattd 658y (Redorelitg)

bonded.lio the conductive trace 244 (Figure 18). The semiconductor
comﬁzﬂm fAYs6FC 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

2. TR RebRebek G wheisiutoe freading step comprises forming the terminal
portion with a selected length projecting from the bonding capillary, aligning the terminal

portion with the via, then moving the bonding capillary by approximately the selected

length to place the terminal portion through the via.

3. The method of claim 1 wherein the threading step comprises aligning the terminal
portion with the via then feeding a selected length of the wire through the via.

4. The method of claim 1 wherein the contact comprises afree air ball formed by

electronic flame off.

5. The method of claim 1 wherein the substrate comprises a semiconductor substrate
having at least one integrated circuit in electrical communication with the substrate

contact.

6. The method of claim 1 wherein the contact is configured to electrically engage a

semiconductor substrate having at least one integrated circuit.
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improved semiconductor components as well. While the invention has

7 SRR o et R A B A B A B e

hagiag dedoadieontisbicbirdienasttheg dopracthe scope of the invention as
defined by the following claims. 43 What is claimed is: 1. A method for

fabricating a semiconductor component comprising: providing a substrate

8. PAYINGHRGHISE Sisler 2 RPERPEFINRISHS RIS LR SPGB 15lEbstrate

and a via extending through the subsStrate contact and the substrate from
hayieg firscensicantast Ransisddasibe lgepatiiana bonding capillary having a
wire with a terminal portion; threading the terminal portion through the via
to the second side by operating the bonding capillary from the first side;
Tmmmmmmmﬁauw&emm sesazenoohdisbtoraneterial
formin a loop partion of the wire extendlnﬁ%from the via to the sybstrate

hagggarn kfd)rr‘FHH Hi SRttt ANt GARRPH P M PSS KRt contact in

ol ceRMASoMPHIR B PANAHGeSARYREK irklie Method of claim 1 wherein the
threading step comprises forming the terminal portion with a selected

length projecting from the bonding capillary, aligning the terminal portion

10%‘% 8(ﬁméangt top zﬂ:}ﬁ Qté}:c @r:‘ @%ﬁ?ﬁﬂﬁ hrouﬁﬁlﬁ%e via. qu'tﬂ]%ﬂrg side

in ehestinicel cboiaiomitavbre veith the shiosiaatangpatati.comprises aligning the
terminal portion with the via then feeding a selected length of the wire
through the via. 4. The method of claim 1 wherein the contact comprises a

11freenthb@idiorabecalivy lestieaiviflaarecaipbneitedmpiipegof claim 1

wherein the substrate comprises a semiconductor substrate having at
Prouichpg AsuRtE giahsi Be e i h Bl ReaPad MFsuANEAR TR PPRNEGHRR Mg first

contg% 6. The method of claim 1 wherein the contact is configured to
electrically engage a semiconductor substrate having at least one
forimiegaveaitbiatigh the substrate contact and the substrate from the first side to the

second side;
providing abonding capillary having awire with aterminal portion having a selected
length;
placing the terminal portion of the wire into the viato the second side by moving the
bonding capillary towards the first side by approximately the selected length;
forming a contact on the wire from the second side using electronic flame off;
looping the wire over the substrate contact;
forming abonded contact between the wire and the substrate contact; and

severing the wire from the bonded contact.

12. The method of claim 11 wherein following the severing step a through wire
interconnect comprises the contact, a portion of the wire in the via, aloop portion of the

wire over the substrate contact, and the bonded contact.
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substrate having a second contact bonded to the loop portion. 9. The

thod 1w in the subsirate co ISES a semico ctor
13 AR G e B ST e £ SN, Stz
ha rig distrikkgtiadagruaict el elertalcrmenmiva sravidm vsibs rategiated
circuit. 10. The method of claim 1 further comprising forming a terminal
contact on the first side in electrical communication with the substrate

14CPREAREHAH & BngHad farfRPESAING AgIeiRRG H?é%ﬁf%ﬁﬂ SMoving the

comprising: providing a substrate havmg a first S|de a second side, and a
bogdingteapt ey exeayoliame g St s iRide tonweaageane anﬂtﬁﬁtjg‘rﬂtﬁéﬂQJ bstrate
contact and the substrate from the first side to the second side; providing
a bonding capillary having a wire with a terminal portion having a selected
151a’nrwmetﬂ|adiogdbmt&mwmlqn®thefoahthg tivreommtbtteyvis pertbersdasind a
sid % W vin lﬁ e bonding capillary towards the first side by
§ ng‘@?{' &¥elected length; forming a contact on the wire from the
second side using electronic flame off; looping the wire over the substrate
contact; formlgg a bonded contact between the wire and the substrate

16 chheBetosto ANAG tHNRirORr SRR IDBRUBASE tauMp 2 thRlerdpdd
cobEaim ik r%[@éBH ing the severing step a through wire

interconnect ¢ omprlses € contact, a portion of the wire in the via, a loop
portion of the wire over the substrate contact, and the bonded contact. 45

| 11 h h b
17 O O P G0 SRR B G R P e e
pPr&RENRYLH BeRICN R RIERERAR 69 BlEFiuL 4 dBNE Task ik, Gindliatiegrdtkd

further comprising following the contact step, moving the bonding
capiffyisaaY AeihsiFiarabiaeidne! frideR cRRRLAtEAI O WHENRE Eorsied
metr&ﬂg@{ claim 11 wherein the forming the contact step is performed
using a second bonding capillary. 16. The method of claim 11 further
forﬁmnmsla@awmguag|asaﬂaaiuametprcblnrmghddaa@eblstmammmaweubstrate
contact.. 17. meth%g
e

i Uctor e a r$ semiconductor component
compri S|ﬁg providi Semicondtc or Substrate having a circuit side, a

prdmmg@aommgwaw hairicigita wine wisiilastoats deoditnétsr afecirieahinal
comgg)l#?lo%atlon with the integrated

threading the terminal portion of the wire into the via by moving the bonding capillary
with the terminal portion towards the circuit side by a selected length, or by
spooling the terminal portion from the bonding capillary by the selected length;

forming a contact ball on the wire en from the backside having a diameter greater than
the inside diameter of the via;

looping the wire from the viato the substrate contact using the bonding capillary;

forming a bonded contact on the circuit side between the wire and the substrate contact;

and severing the wire from the bonded contact.

18. The method of claim 17 wherein following the severing step a through wire

interconnect includes the contact ball, a portion of the wire in the via, aloop portion of
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portion; threading the terminal portion of the wire into the via by moving
the bondin ca%i#ar wi tge terminal portion towards the circuit side by
e M S B 57 bty TEQEHR (5Bl on from the bonding
capillary by the selected length; forming a contact ball on the wire en from
the backside having a diameter greater than the inside diameter of the

19T 58108 BRI HRSFRNREH KNe SRRF RO ¢ BRI At Remp on the
boRGRAIBEAARIYARY 2 JQ5HRIRgsRIPBORRRYContact on the circuit side between

the wire and the substrate contact, and severing the wire from the bonded
contact. 18. The method of claim 17 wherein following the severing step a

N B D A S A SR L RS
el eorivdk dopamtmitatlSh With thetiomdeof coaiaot Lahd/heseniré edattoeon the circuit

. comprising forming a stud bump on the bonded contact using a separate
Sd&lfuaﬁffmg@rﬁ%ﬁ*?ﬂwefh‘%%ﬂ"a& Y9hrther 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

21 chRermetes b ¢aiih khEuebra cemi s ng feraninedbenemsdinnt B | Ragtartially
%pgm' I | acapsulant at least partially encapsulating the
enW re é[qu%@]g?ariﬂg?ﬁéthod of claim 17 wherein the substrate contact
comprises a device bond pad or a redistribution contact. 23. The method
claim 17 wherein fhe bonded contact comprises a stitch bond forme
22 D S S AR e pofgec o
arefdniegidsacoperd using the bonding capillary. 24. The method of claim

17 further comprising following the forming the contact ball step, wedging
the contact ball into the via by moving the bonding capillary away from the

23RBS OP I TSRS AR hdd BB RS RV H Sond formed

semiconductor substrate step comprises providing a semiconductor wafer
usiegrite hisngliaghapaliayyo Bee fiuid berdunnpr S0k Sormiyy 28Ut hempeah daestitch
boc(l}airsr'.]nﬂ[ﬁu%theé. con ﬂ?mf attaching a second semiconductor substrate

tS Y8Rl L Btrate by forming a bonded connection between
a

24. The method of claim 17 further comprising following the forming the contact ball
step, wedging the contact ball into the via by moving the bonding capillary away from the

circuit side.

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.
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integrated circuit, a substrate contact on the first side in electrical
communication with the integrated circuit, a second side, and a via
through the substrate contact and the substrate extending from the first

27 sKlentehideef oetprid gidg afesmicimdutiop vanpeiientiengeigst on the
semiconductor substrate comprising a wire  having a terminal portion in

PrQMEING: 2 SR RPACLEHP SR ALE MBI the At FOKRRHARS £y B Setbistiate
side caiAPRRUIN LI WERAYEA BSrHISERIBPRNIAHe AR EPRRaH:, a

contact on the substrate contact; the forming step comprising:"operating a
bond@RegrEhPRsNEtavi &ibrarghsirsubsitaiecamntacs antriap sobssa@extrading
wire j via: formi ct, on the terminal portion from the
seccm s}Hg;ﬂggg %érlfrﬁiﬂ%%é%ésg%%rtion of the wire and the bonded
foroantpathrsingh tiedioteltopreep dlatlie sefhi ddreluoeihsithsifatdesompr sivigeaiire
the gperating step comprises moving the bonding capillary toyards the
first BBy LeETL D 5, g B i Mt e
portigihx?RelEE AL PEERIE A WHEG b G IR PSR FEERISOMRR BRfCt,

spooling the wire from the bonding capillary by a length of the terminal

portidifl 80ondes aestagPoLReMRAR FEMEICEOMprising bonding a second
r Iﬁ?%ﬁ |' onductor substrate by forming a bonded connection
thﬁ@@%ﬁ%%ﬁ” ugh Wire interconnect and a second contact on the
opeatiogc bohditngteapBllary Hiem b ddsb i daionpBethe teimiha poridedf the wire

connection comprises an element selected from the group consisting of
soldg}t?oﬁ ?é’,'?nechanical connections, welded connections, and

forﬁﬁ]ﬁ%%&b@a@@@fﬂ%t@ﬂﬂﬁ%ﬁﬁ@ﬂ%rﬂﬁoﬁﬁh@@&m@@@d; @hglaim 30 wherein

the bonded contact includes a stud bump configured to formed the
forpiRa tee depmperiin of the wire and the bonded contact using the bonding capillary.

28. The method of claim 27 wherein the operating step comprises moving the bonding
capillary towards the first side by a distance approximately equal to alength of the

terminal portion.

29. The method of claim 27 wherein the operating step comprises spooling the wire from

the bonding capillary by alength of the termina portion.

30. The method of claim 27 further comprising bonding a second substrate to the
semiconductor substrate by forming a bonded connection between the through wire

interconnect and a second contact on the second substrate.

31. The method of claim 30 wherein the bonded connection comprises an element
selected from the group consisting of solder joints, mechanica connections, welded

connections, and conductive polymer connections.



32. The method of claim 30 wherein the bonded contact includes a stud bump configured
to formed the bonded connection.
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