BACKSI DE METHOD AND SYSTEM FOR FABRI CATI NG

SEM CONDUCTOR COVPONENTS W TH CONDUCTI VE | NTERCONNECTS
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rel ates generally t o sem conductor packagi ng, and

particularly t o a backsi de nmethod and system for

fabricating sem conductor conmponents wi th conductive
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I nterconnects can be formed "on" the sem condugtor
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such as conductors™on" a circuit side of "the
semiconductor substrate is in the form of 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 a 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) can include
multiple semiconductor dice with different electronic
configurations packaged in a plastic body (e.g., an
application specific die + a memory die).

[0003] Semiconductor components include different
types of interconnects for implementing different signal
transmission system. Interconnects can be formed “on”
the semiconductor substrate for transmitting signals in x
and y directions. For example, surface interconnects,
such as conductors “on” a circuit side of the

semiconductor component, can be used to electrically



sem conduct or conponent , can be used t o

el ectricallyconnect the integrated circuits with
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can also be forned "external" to the sem conduct or

substrate for transmitting sjgnals in x , y and z

directions. For exanple, wire interconnects, such as
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[0005] As semiconductor components become smaller
and have higher input/output configurations,
semiconductor manufacturers must fabricate through
interconnects with increasingly smaller sizes and
pitches, but without compromising the performance and
reliability of the signal transmission system. In
addition, it is preferable for through interconnects to
be capable of volume manufacture using equipment and
techniques that are known in the art.

[0006] The present invention is directed to a
method and system for fabricating semiconductor
components with conductive interconnects using backside

processes. In addition, the present invention is

directed to semiconductor components, including chip



processes. In addition, the present invention is

directed to sem conduct or conponents, including
wohbgsieadse conponents, wafer scal e conponent s, PamAIS2006/017036

mul ti dice conponents, having conductive

i nterconnects. Summary o f tge Invention [0007] In

accordance with the present I nvention, a backside
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[0009] Advantageously, the steps of the method can
be performed primarily from the backside of the
semiconductor substrate. This allows the circuit side of
the semiconductor substrate to remain protected during
the fabrication process. The thinning step can be
performed using a chemical mechanical planarization (CMP)
process, an etching process, or a combination of these
processes. The substrate opening forming step can be
performed using a reactive ion etching process (RIE), a
wet etching process, a laser machining process, a sawing
process or a combination of these processes. The bonding
step can be performed using a wire bonding process, such
as ultrasonic wire bonding, thermosonic wire bonding or
thermocompression wire bonding. Alternately, the bonding

step can be performed using a tape automated bonding



t her nroconpression wire bonding. Alternately, the

bondi ng step can be perfornmed using a tape automated
woamdbingOIAB) process, such as single point bordTmg2006/017036

gang bondi ng, thernoconpression bondi ng or thernosonic

bondi ng. As another alternatj ve, the bonding step can

be perforned using a conductive pol yner bondi ng
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contact. The flex circuit can also include terminal
contacts on the polymer substrate in electrical
communication with the flex circuit conductors. With a
conductive polymer bonding process, the conductive
interconnect includes a conductive polymer layer, which
forms bonded connections between a flex circuit
conductor, and the inner surface of the substrate
contact. With a bumping process, the conductive
interconnect includes a solder bump in the substrate
opening bonded to the inner surface of the substrate
contact.

[0011] The system includes the semiconductor
substrate with the substrate contact, a thinning system
for +thinning the semiconductor substrate from the
backside, an etching system for forming the substrate
opening to the inner surface of the substrate contact,

and a bonding system for forming the bonded connection



backsi de, an etching systemfor formng the substrate
opening to the inner surface of the substrate contact,
wanwea2ndi ng system for formng the bonded PCT/US2006/017036
connecti onbet ween t he conductive interconnect and the
inner surface of the substraje contact. [0012] The
conponent includes the sem conductor substrate having
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[0018] Figure 2E is a schematic view equivalent to
Fi qure 2D il st ati.ng an al ternate enbodi nent of the
Brigé Diesgriptiomg 2 ¢S 3A is a schematic cross
SeCligyid V'ff@ﬁ%egnlﬁLﬁ@r%¥€3éﬂﬁgﬁﬁiﬁﬁncross sectional
semcon uctor onponent; [0020] Figure 3B is a view
vﬂaﬂgyﬁhlnagratnggs5t§p%f1n a method for fabricating a

semiconductor component;

[0014] Figure 2A is a schematic view taken along
line 2A-2A of Figure 1A;

[0015] Figure 2B is an enlarged schematic view
taken along line 2B-2B of Figure 23;

[0016] Figure 2C is an enlarged schematic cross
sectional view taken along line 2C-2C of Figure 2B;

[0017] Figure 2D is a schematic view taken along
line 2D-2D of Figure 1C;

[0018] Figure 2E is a schematic view equivalent to
Figure 2D illustrating an alternate embodiment of the
method;

[0019] Figure 3A is a schematic cross sectional
view of an alternate embodiment semiconductor component;

[0020] Figure 3B is a view taken along line 3B-3B of
Figure 3A4;

[0021] Figure 3C is an enlarged view taken along

line 3C of Figure 3B;



Figure 3A; [0021] Figure 3Cis an enlarged view taken
along line 3C of Figure 3B;[0022] Figure 3Dis a
weehwna#29s cross sectional view of an alternat 8CT/US2006/017036
enbodi ment sem conductor conponent; [0023] Figures 3E
and 3F are schematic cross sectional views of an
al ternate enbodi nent sem conduct or conponent; [0024]
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conmponents; [0034] Figures 8A-8D are schematic cross
askernabg| embodiment semiconductor component;

[0029] Figures 4D-4F are schematic cross sectional
views illustrating steps in a method for fabricgting an
alternate embodiment semiconductor component;

[0030] Figures 5A-5C are schematic cross sectional
views illustrating steps in a method for fabricating an
alternate embodiment semiconductor component;

[0031] Figure 5D is a plan view taken along line
5D-5D of Figure 5A;

[0032] Figures 6A-6D are schematic cross sectional
views illustrating steps in a method for fabricating an
alternate embodiment semiconductor component;

[0033] Figures 7A-7D are schematic cross sectional
views of alternate embodiment semiconductor components;

[0034] Figures 8A-8D are schematic cross sectional
views illustrating steps in a method for fabricating an

alternate embodiment semiconductor component;



views illustrating steps in a nethod for fabricating

an al ternate enbodi nent sem conduct or conponent ;[ 0035]
wWOioere4BE i s a schematic cross sectional vi ewPCT/US2006/017036

equi valent to Figure 8D of an alternate enbodi nent

sem conduct or conponent; [0086] Figure 9 is a

schematic cross sectional view of a nodule
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component constructed in accordance with the invention;

[0041] Figure 13 is a schematic cross sectional view
of an image sensor semiconductor component constructed in
accordance with the invention;

[0042] Figure 14 is a schematic cross sectional view
of an image sensor semiconductor component constructed in
accordance with the invention;

[0043] Figure 15A is a schematic plan view of a
stacked image sensor semiconductor component constructed
in accordance with the invention;

[0044] Figure 15B is a schematic cross sectional
view of the stacked image sensor semiconductor component
taken along section line 14B-14B of Figure 17A;

[0045] Figure 16 is a schematic view of a system for

performing the method of the invention;



perform ng the nmethod of the invention;[0046] Figure

17A is a schematic view o f an alternate enbodi nent
wenalsingIsystem for the systemo f Figure 16; PODARR006/017036

Figure 17B is a schematic viewo f an alternate

enbodi ment etching systemfaqgy the systemo f Figure

16; [0048] Figure 18A and 18B are schematic views of
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Figkggrg618A; and [0049] Figure 19 is a schematic view

an alternate enbodi nent tenplate transfer punping
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Fiegleet 16ni c el ement that includes a sem conductor die,

or electric connectjons wth.a seni conduct or
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sem conduct or “"conponent havi ng an outline about the
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the wafer | evel on a sem conductor wafer 10 containing

a plurality o f sem conductor substrates 12. The
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art €lectronic element that includes a semiconductor die,

or makes electrical connections with a semiconductor die.
“Wafer-level” means a process conducted on an element,
such as a semiconductor wafer, containing multiple
components. "Die level" means a process conducted on a
singulated element such as a singulated semiconductor die
or package. “Chip scale” means a semiconductor component
having an outline about the same size as the outline of a
semiconductor die.

[0051] Referring to Figures 1A-1G, and 2A-2E, steps
in the method of the invention are illustrated. In the
illustrative embodiment, the method is performed at the
wafer level on a semiconductor wafer 10 containing a
plurality of semiconductor substrates 12. The
semiconductor wafer 10 can comprise a semiconductor
material, such as silicon or gallium arsenide. In
addition, the semiconductor substrates 12 can be in the
form of semiconductor dice having a desired electrical
configuration, such as memory, application specific,
image sensing, or imaging.



form of sem conductor dice having a desired electrica

configuration, such as nenory, application specific,
wOonea28mAsi ng, or imagi ng. [ 0052] A s shown i NnPETAIS2@®6/017036

| A, a sem conductor substrate 12 on the wafer 10

includes a circuit side 14 (gfirst side" in sone of

the clains), and a backside 16 ("second side" in sone
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18 are in electrical communication with internal
conductors 20 on the circuit side 14 of the semiconductor
substrate 12. In addition, the internal conductors 20
are in electrical communication with integrated circuits
22 in the semiconductor substrate 12. Further, a die
passivation layer 24 on the circuit side 14 protects the
internal conductors 20 and the integrated circuits 22.
The die passivation layer 24 comprises an electrically
insulating material, such as BPSG (borophosphosilicate
glass), a polymer or an oxide. All of these elements of
the semiconductor substrate 12 including the internal
conductors 20, the integrated circuits 22, and the
passivation layer 24, can be formed using well Xknown
semiconductor fabrication processes.
[0054] Initially, as shown in Figure 1B, the
semiconductor wafer 10 and the semiconductor substrate 12
are thinned from the backside 16 to a selected thickness
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a tape or mask material applied to the semlconductor

such as

wafer 10.

[0055] The backside thinning step can be performed
using a chemical mechanical planarization (CMP)
apparatus. One suitable CMP apparatus is manufactured by
"ACCRETECH" of Tokyo, Japan, and is designated a model
no. "PG300RM". Suitable CMP apparatus are also
commercially available from Westech, SEZ, Plasma
Polishing Systems, TRUSI and other manufacturers. The
backside thinning step can also be performed using an
etching process, such as a wet etching process, a dry
etching process or a plasma etching process. As another
alternative, a combination of planarization and etching
can be performed. For example, a mechanical grinder can
be used to remove the bulk of the material, followed by
etching to remove grind damage. US Patent No. 6,841,883
Bl, entitled "Multi-Dice Chip Scale Semiconductor
Components And Wafer Level Methods Of Fabrication”, which
is incorporated herein by reference, further describes
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substrate contacts 18. During formation of the mask 26,

the wafer 10 can be held in the temporary carrier 15, or
an equivalent temporary carrier configured for mask
formation.

[0058] As shown in Figure 2D, the substrate
openings 30 can comprise elongated rectangular trenches
that align with, and encircle multiple substrate contacts
18. Alternately, as shown in Figure 2E, alternate
embodiment substrate openings 30A can comprise separate
pockets having a desired peripheral outline, each of
which aligns with only one substrate contact 18.

[0059] The opening forming step can be performed
using an etching process such as a dry etching process or
a wet etching process. With the wafer 10 and the
substrate 12 comprising silicon, one suitable dry etching
process 1is reactive ion etching (RIE). Reactive ion
etching (RIE) can be performed in a reactor with a
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[0060] As with the thinning step the opening
forming step is performed from the backside 16 of the
semiconductor substrate 12, such that the circuit side 14
can remain protected. In addition, the opening forming
step can be performed with the wafer 10 held in the
temporary carrier 15, or an equivalent temporary carrier
configured for dry or wet etching. Further, the opening
forming step can be controlled to endpoint the substrate
openings 30 (Figure 1D) on the inner surfaces 32 (Figure
1D) of the substrate contacts 18 (Figure 1D). For
simplicity in Figures 1C-1G, the substrate openings 30
are illustrated as being about the same width as the
substrate contacts 18. However, in actual practice the
substrate openings 30 can be smaller in width than the
substrate contacts 18. In any case, the substrate
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In this case, the bonding capillary 34 (Figure 1lE) could
be larger than the substrate openings 30, while still
being able to make bonded connections on the inner
surfaces 32 of the substrate contacts 18 (Figure 1E).

[0062] As an alternative to forming the substrate
openings 30 (Figure 1D) by wet etching, a laser machining
process can be used. The laser machining process can
also include a wet etching step to remove contaminants
and slag. In addition, the laser machining process would
be particularly suited to forming the pocket sized
substrate openings 30A (Figure 2E). One suitable laser
system for performing the laser machining process is
manufactured by XSIL LTD of Dublin, Ireland, and is
designated a Model No. XISE 200.

[0063] As shown in Figure 1D, the substrate
openings 30 (Figure 1D) can also be electrically
insulated from the remainder of the semiconductor
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Previously incorporated US Patent No. 6,841,883 BI,
further describes techniques for forming insulating
layers in the substrate openings 30 and on the backside
16 of the semiconductor substrate 12.

[0064] Next, as shown in Figure 1E, a bonding step
is performed using the bonding capillary 34 and a wire
bonder 38. In the embodiment illustrated in Figure 1E,
the bonding step comprises a ball bonding process.
However, the bonding step can also comprise a stud
bumping process, or a wedge bonding process, such as a
gold or aluminum wedge bonding process. Alternately, as
will be further explained, the bonding step can comprise
a tape automated bonding (TAB) process, such as single
point TAB bonding, gang bonding or ribbon bonding. As
another alternative, the bonding step can comprise a
bumping process, such as reflow bonding of solder balls

to the inner surfaces 32 of the substrate contacts 18.
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guggoﬁgnggnﬁh}SGA(@Gﬁ%é%le stud bumper for performing
the bonding step is a “WAFER PRO PLUS” high speed large
area stud Dbumper manufactured by Kulicke & Soffa

Industries, Inc. Wire bonding systems are also available
from ESEC (USA), Inc., Phoenix, AZ; Palomar Technologies,
Vista, CA; Shinkawa USA, Inc., Santa Clara, CA; ASM from
Products Inc., San Jose, CA; Kaijo from Texmac Inc.,
Santa Clara, CA.; and Muhibauer High Tech, Newport News,
VA.

[0066] As shown in Figure 1E, the bonding capillary
34 can be movable in x, y and z directions responsive to
signals from a controller (not shown). In the
illustrative embodiment, the bonding capillary 34 (Figure
1E) is configured to bond a wire 36 having a diameter of
from about 18 um to about 150 um to the inners surfaces
32 of the substrate contacts 18. The wire 36 can
comprise a conventional wire material wused in
semiconductor packaging, such as gold, gold alloys,
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183l UMrRURBAROPESH | MiHd O¥Sre bonder 38 (Figure 1E) can
include a work holder 48 configured to support the
semiconductor substrate 12 and the substrate contact 18
during the bonding step. As with the previous steps, the
wafer 10 can be held in the temporary carrier 15 (Figure
2A) during the bonding step. For forming a ball bond as
shown, the wire bonder 38 (Figure 1lE) can also include an
element such as an electronic flame off (EFO) wand (not
shown) configured to form a ball 40 (Figure 1E) on the
end of the wire 36. 1In addition, the bonding capillary
34 in combination with the wire feed mechanism 78 can be
configured to capture the ball 40, and to press the ball
40 against the inside surface 32 of the substrate contact
18 to form a bonded connection 42 (Figure 1lE) between the
wire 36 and the substrate contact 18. The bonding
capillary 34 can also be configured to apply heat and
ultrasonic energy to the ball 40, and to the substrate
contact 18. As will be further explained, as an



Further, the wire 36 can conprise a netal, or a netal

al l oy, that does not contain reductions of hazardous
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netal s include gold and copper. [0067] The wi re bonder

38 (Figure IE) can also inclpyde a wire feed mechani sm

78 (Figure IE) configured to feed the wire 36 through
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iheatcamtect 44, and the bonded connection 42 between the
conductive interconnect 44 and the substrate contact 18.
The dielectric encapsulant 46 can comprise a curable
polymer such as polyimide or parylene, deposited using a
suitable process, such as spin on, nozzle deposition, or
vapor deposition. In addition, although the dielectric
encapsulant 46 1is illustrated as a single layer of
material covering the backside 16, the dielectric
encapsulant 46 can comprise multiple layers of material.
As another alternative, the dielectric encapsulant 46 can
comprise separately dispensed polymer donuts formed in
each substrate opening 30 to individually support each
conductive interconnect 44.

[0071] Following the dielectric encapsulant 46
(Figure 1G) forming step, a singulating step, such as
sawing, scribing, liquid Jjetting, or laser cutting
through a liquid, can be performed to singulate a chip
scale semiconductor component 50 (Figure 1G) from the
wafer 10. Alternately, a wafer sized component can be
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contact 18. A s will be further explained, as
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34 can be configured to forma wedge bond. [0069] As

shown in Figure IF the bondH%g capillary 34 in

conbi nation with the wire feed nechani sm 78 can be
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44 in stacked assemblies.

[0073] Referring to Figures 3A-3C, an alternate
embodiment semiconductor component 50A having alternate
embodiment conductive interconnects 44A is illustrated.
In this embodiment, the semiconductor substrate 12
includes a plurality of backside contacts 52 located on
the backside 16 thereof. For example, each substrate
contact 18 can include an associated backside contact 52.
The backside contacts 52 can be formed using a suitable
subtractive or additive metallization process.

[0074] The conductive interconnects 44A (Figure 3A)
include the bonded connections 42 with the substrate
contacts 18, formed substantially as previously described
and shown in Figures 1lE and 1F. However, the conductive
interconnects 44A (Figure 3A) also include second bonded
connections 54 with the backside contacts 52. As with
the bonded connections 42, the second bonded connections



[0071] Followi ng the dielectric encapsulant 46 (Figure
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the conductive interconnects 44A. This prevents shorting
by contact of the conductive interconnects 44A with
another component or another substrate, when the terminal
contacts 58 are used for flip chip bonding structures.
For example, the terminal contacts 58 can comprise balls
having a selected diameter (e.g., 200 um), and the
conductive interconnects 44A can have a selected loop
height LH (e.g., 100 um). A representative range for the
diameter of the terminal contacts 58 can be from 60-500
um. A representative range for the loop height LH can be
from 15 - 400 pm.

[0077] Referring to Figure 3D, an alternate
embodiment semiconductor component 50B includes a
substrate opening 30B sized and shaped to encompass side
by side substrate contacts 18B. In addition, conductive
interconnects 44B are bonded to the substrate contacts
18B and to backside contacts 52B, substantially as shown
and described for the conductive interconnects 44A in



contact 18 can include an associ ated backsi de cont act

52. The backsi de contacts 52 can be forned using a
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process. [0074] The conductive interconnects 44A

(Figure 3A) include the bong d connections 42 wth the

substrate contacts 18, formed substantially as

previ ously descri bed and shown in Flgures | E and | F.
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another conponent or another substrate, ,when

12rni i WINRCES Bhowre %%edaf%?OP?gpW&ﬁ?pSBSn&Fnaonded
tStHNMEt siil®Strate contacts 18C-1, 18C-2 using wedge bonds

54C at either end. 1In addition, a dielectric encapsulant
46C, substantially encapsulates the looped wire 82C
(Figure 3E), while leaving a tip portion thereof exposed.
As shown in Figure 3F, during a singulating step, a
groove 53, such as a saw cut, is formed in the street
area SA (Figure 3E) to separate the semiconductor
substrates 12-1, 12-2, and to sever the looped wire 82C
in the street area SA (Figure 3E). The semiconductor
components 50C-1, 50C-2 (Figure 3F) include conductive
interconnects 44C-1, 44C-2 formed by the severed looped
wire 82C (Figure 3E). The conductive interconnects 44C-
1, 44C-2 are embedded in the dielectric encapsulant 46C
but have exposed tip portions for making outside
electrical connections to the semiconductor components
50Cc-1, 50C-2.
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[0080] Referring to Figure 3H, an alternate
embodiment semiconductor component 50T is substantially
similar to the semiconductor component 50D (Figure 3G).
However, the semiconductor component 50T includes
planarized conductive interconnects 44T bonded to
substrate contacts 18T, and embedded in a planarized
dielectric layer 46T. The planarized conductive
interconnects 44T and the planarized dielectric layer 46T
can be formed using a planarization process such as
chemical mechanical planarization (CMP), grinding, or
polishing, substantially as previously described for the
thinning step of Figure 1B.

[0081] Referring to Figure 3I, an alternate
embodiment semiconductor component 50U is substantially
similar to the semiconductor component 50 (Figure 1G).
However, the semiconductor component 50U includes
conductive interconnects 44U in the form of metal or



12-2. As shown in Figure 3E, a | ooped wire 82C is

bonded to the substrate contacts 18C 1, 18C-2 using
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di el ectric encapsul ant 46C, substantially encapsul ates

the | ooped wire 82C (Figure,sE), while leaving a tip

portion thereof exposed. A s shown in Figure 3F,
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, configured to form bonded connectlons
betdéﬁ%s?ﬂe coRBEEEIAT ntt® cEHBEI® 44D atp alternate

enBlodGieare Ss it ehd et o 5 UBBIpahents BOLFasif $hiextantially
sfﬂffggt Ort nggﬁfégg uc ggguggﬁfonent 50 (Figure 1G).
The semiconductor component 50LF also includes an
electrically insulating layer 96LF which covers the
sidewalls of the openings 30A and the backside 16 of the
semiconductor substrate 12. However, the semiconductor
component 50LF includes conductive interconnects 44LF in
the form of planarized solder plugs, substantially
filling the openings 30A. The conductive interconnect
441LF can be formed by depositing a solder, such as a lead
free solder, into the openings 30A and onto the inner
surfaces 32 of the substrate contacts 18. As will be
further explained, the conductive interconnects 44LF can
be formed by direct deposition from a dispensing
mechanism, or by transfer from a bump template having
cavities filled with solder by a dispensing mechanism.
Methods and systems for forming the conductive
interconnects 44LF are shown in Figures 18A, 18B and 19,
and will be described as the description proceeds.
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46D, which substantially encapsul ates and rigidifies
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ball tip portions 60 exposed. [0080] Referring to

Figure 3H, an alternate enb?gi ment sem conduct or
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ca¥€ HaRN i Wu AP0 edHa B¢ 5@ding| 888can, spherical,
do?tlleeCtarrifalbltymf) nss laa;t)égg ayerInQGLa{d\f}.ltczjjon, the bonding
pedestals 67, 69 can comprise multiple layers of
different metals, such as an adhesion metal layer (e.g.,
Cr, Ti, Al), a barrier metal layer (e.g., Ta, Cu, Pd, Pt,
Ni), and a bump metal layer (e.g., Au, Cu, solder). The
bonding pedestals 67, 69 can be formed using a suitable
process such as electroless plating, electrolytic
plating, screen printing or deposition through a mask.
As an alternative to these processes, the bonding
pedestals 67, 69 can comprise stud bumps formed using a
stud bumper, such as the previously identified stud
bumper manufactured by Kulicke & Soffa Industries, Inc.
[0085] As also shown in Figure 4A, for performing
the TAB bonding step, a flex circuit 61 is provided. The
flex circuit 61 can comprise a multi layer TAB tape, such
as TAB tape manufactured by 3M Corporation of St. Paul,
MN, or "ASMAT" manufactured by Nitto Denko of Japan. The
flex circuit 61 includes flex circuit conductors 63
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d wth substrate contacts 18 fornmed usi,ng a
taubber Qm@bggimf¢Qﬁh§%@ 67, 69. In addition, the

semiconductor component 50E includes terminal contacts 58
in electrical communication with +the conductive
interconnects 44E, substantially as previously described.

[0088] Referring to Figures 4D-4F, an alternate
embodiment of the method of Figures 4A-4C is illustrated.
In this embodiment the bonding pedestals 67, 69 (Figure
47A) are not formed, as a bumped flex circuit 61B is
employed. As shown in Figure 4D, the bumped flex circuit
61B includes flex circuit conductors 63B having bumps 73
on either end, formed of a bondable metal such as Au, Cu
or solder. As shown in Figure 4E, the bonding tool 71
bonds the bumps 73 directly to the substrate contacts 18
and to the back side contacts 52. As shown in Figure 4F,
a semiconductor component 50F includes conductive
interconnects 44F, which comprise the bumped flex circuit
61B having the flex circuit conductors 63B bonded to the
substrate contacts 18 and to the backside contacts 52.



step, as previously described. In addition, the
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netal lization process as previously described. [0084]
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terminal contact openings 85SP in an area array
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configured for mounting terminal contacts 58SP (Figure
5C). The polymer substrate 65SP can comprise a
photoimageable polymer such as one manufactured by DuPont
or Hitachi. In addition to providing a support
structure, the polymer substrate 65SP also functions as a
solder mask for the terminal contacts 58SP (Figure 5C).
[0091] The single point flex circuit 61SP also
includes flex circuit conductors 63SP on an inside
surface of the polymer substrate 65SP. The flex circuit
conductors 63SP include terminal contact pads 798P
aligned with the terminal contact openings 85SP. The
flex circuit conductors 63SP also include bonding pads
878P configured for bonding to the substrate contacts 18.
The single point £flex circuit 61SP also includes a
compliant adhesive layer 57SP configured to attach the
flex circuit 61C to the semiconductor substrate 12. The



bondi ng pedestals 67, 69. [0086] A s shown in Figure

4B, a bonding tool 71 of a tape automated bondi ng
wODd)12629St em can be used to bond the term nal PODS2®AS17036

of the flex circuit conductors 63 to the bondi ng

pedestal s 67, 69. The bondi tool 71 can conprise a

t hernode tool, a gang bondi ng tool, a

thernnconpre33|on bondi ng tool, or a thernosonic
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ﬁgnggﬁﬁééaéuctor component 50SP also includes conductive
interconnects 448P, which comprise portions of the flex
circuit conductors 63SP and the bonding pads 87SP bonded
to the substrate contacts 18. The semiconductor
component 50SP also includes terminal contacts 58SP in an
area array in electrical communication with the
conductive interconnects 44SP. The terminal contacts
58SP are also known in the art as outer lead bonds (OLB).
[0094] Referring to Figures 6A-6C, an alternate
embodiment of the method is illustrated, wherein the
bonding step is performed using a flex circuit 61C having
a polymer substrate 65C and a compliant adhesive layer
57C configured to attach the flex circuit 61C to the
semiconductor substrate 12. The polymer substrate 65C
includes flex circuit conductors 63C on an inside surface
thereof in electrical communication with terminal contact
pads 79C on an outside surface thereof. Alternately, as
will be further explained, the flex circuit conductors



substrate contacts 18 and to the backsi de contacts

52.1n addition, the sem conductor conmponent 5CF
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communi cation with the conductive interconnects 44F,

substantially as previously,glescribed. [0089]

Referring to Figures 5A-5D, an alternate enbodi nent of
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c o R 8l rened nWedc dhgetesn Ralc camartdepetihegs tRESkinal
co-m:eacts 58FC on the outside surface of the polymer
substrate 65C in electrical communication with the
conductive interconnects 44F on the inside surface of the
polymer substrate 65C.

[0097] Referring to Figure 6D, an alternate
embodiment semiconductor component 500S is substantially
similar to the semiconductor component 50G (Figure 6C).
However, the semiconductor component 5008 includes a flex
circuit 610S having flex circuit conductors 630S on an
outside surface of polymer substrate 6508S.

[0098] Referring to Figure 7A, an alternate
embodiment semiconductor component 50H includes a flex
circuit 61D with flex circuit conductors 63D on an inside
surface of the polymer substrate 65D. Alternately, the
flex circuit conductors 63D can be located on an outside
surface of the polymer substrate 65D. The flex circuit
conductors 63D include bumps 73D bonded directly to the
substrate contacts 18, substantially as previously
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conpl i ant adhesi ve |l ayer 57SP configured to attach the

flex circuit 61Cto the senb onduct or substrate 12.
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pol ymer material, such as silicone or
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openings 81E aligned with the bonding pedestals 67 on the
substrate contacts 18. The openings 81lE provide access
for the bonding tool 71 for bonding intermediate portions
of flex circuit conductors 63E to the bonding pedestals
67 on the substrate contacts 18. In addition, spacers
77E space the polymer substrate 65E from the
semiconductor substrate 12 during the bonding process.
The spacers 77E can be configured substantially as
previously described for spacers 77D (Figure 7A).

[0L00] Referring to Figure 7C, an alternate
embodiment semiconductor component 50J includes a flex
circuit 61F having flex circuit conductors 63F on a
polymer substrate 65F bonded to the bonding pedestals 67
on the substrate contacts 18 using a conductive polymer
layer 83F. The conductive polymer layer 83F includes
conductive particles 89F in an electrically insulating
base material configured +to provide electrical



enbodi nent of the nethod is illustrated, wherein the

bonding step is perforned using a flex circuit 61C
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adhesi ve | ayer 57C configured to attach the flex
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[0102] Referring to Figures 8A-8D, an alternate
embodiment method is illustrated, wherein the bonding
step is performed using a stud bumping process. As shown
in Figure 8A, the semiconductor substrate 12 includes
substrate contacts 18 and substrate openings 30, as
previously described. The semiconductor substrate 12
also includes an electrically insulating layer 96ST which
covers the sidewalls of the openings 30 and the backside
16 of the semiconductor substrate 12 as well. The
electrically insulating layer 96ST can be formed
substantially as previously described for electrically
insulating layer 96 (Figure 1D).

[0103] As also shown in Figure 8A, bumps 91ST are
formed on the substrate contacts 18. The bumps 91ST can
comprise stud bumps formed using a stud bumper, such as
the previously identified stud bumper manufactured by
Kulicke & Soffa, Inc. Alternately, the bumps 91ST can

comprise metal bumps or balls formed on the substrate



enbodi nent sem conductor conponent 500S is

substantially simlar to the sem conductor conponent
woems(1IBimar e 6C). However, the sem conductor ceapaIseNt/017036

500S includes a flex circuit 610S having flex circuit

conductors 6305 on an outsidg surface of polyner
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bumps 91ST on the substrate contacts 18. As also shown
in Figure 8C, a bonding capillary 34ST is used to form
second bumps 95ST in the openings 93ST bonded to the
bumps 91ST on the substrate contacts 18. In the
illustrative embodiment, the bonding capillary 34ST is
configured to form the second bumps as stud bumps.
However, the second bumps 95ST can also comprise wedge
bonds, similar to "security bonds" used in the art.

[0106] As shown in Figure 8D, the second bumps 95ST
form rivet like bonded connections between the flex
circuit conductors 63ST and the bumps 91ST on the
substrate contacts 18. To form +the rivet 1like
connections, the second bumps 95ST can have an outside
diameter larger than that of the openings 93ST in the
flex circuit conductors 63ST such that annular shoulders
on the second bumps 95ST bond the flex circuit conductors
63ST to the bumps 91ST. In addition, terminal contacts
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the substrate contacts 18. The openi ngs 81lE provide
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10%Fde%%%.sas a module substrate, a PCB, or another
semiconductor component, such as a die or a chip scale
package. The support substrate 100 includes plated
openings 102 configured to receive the conductive
interconnects 44 on the semiconductor component 50. The
support substrate 100 also includes conductors 138 and
terminal contacts 140 in electrical communication with
the plated openings 102. In addition, bonded connections
104 are formed between the plated openings 102 and the
conductive interconnects 44. The bonded connections 104
can comprise solder joints, mechanical connections,
welded connections, or conductive polymer connections
formed between the plated openings 102 and the conductive
interconnects 44.

[0109] Referring to Figure 10, an underfilled
component 106 is illustrated. The underfilled component
106 includes the semiconductor component 50 mounted to a
support substrate 108, such as a module substrate, a PCB,



67 using a stud bunper. As another exanple, the

term nal contacts 58K can conprise conductive pol yner
wounps2e9sed in contact with the bondi ng pedesParassnes/017036

[0102] Referring to Figures 8A-8D, an alternate

enbodi ment method is illustipated, wherein the bonding

step is perforned using a stud bunpi ng process. As

shown in Figure 8A, the sem conductor substrate 12
orj ABPENEY SEFICPRCNCEOF SOATPOPENd L1353 DHRrPhgshir

scdle a@d@HQQéwS|YTﬁéSCéubp@rtTh%wﬁﬁﬂﬁzﬁﬁthaﬂ includes

trat | I |
e 1B E P th A eAEred he Begeliere sy RIS 48 dene
cod@ i vae mmﬂem@enmécabtrﬁﬂseqncom¢ﬁn(ﬁemubgndnqior
cognéo?ﬁén‘@ 0. Th%rfaltifcg{i{.{:fahl y Ho'h%&cf‘tégﬂnéé¥§6ng6sﬁ4caﬁre

subst an y as previ ousl descri b
fogmest r besegn n‘glaeatqlrﬁﬂm@@sgaﬂ(q:. @Ehde ey cqrt%%ﬂ}lve
lnf&ﬁ%éais&ggf.?etw ha. tFI gtum?gﬁboﬁa@%s abaglle%:jr@d@gneﬂmn can
Su e contacts e .ou S n
OB S5 L PF b iy ReChap i ber ONBaER 1an e Ve Tied
cqmnadtmdﬂy,|dnntcénddcsuu@ bpopgmemanudaceatednlsy formed
beltdld ke &y gff alé&tcroé'e%efnfiﬁ ,aﬁd@e k&wﬁ]@s Q4G FA: ve

conprise e bal |I's
1n¢mcrrmeattmt &dt.s 18"h@sum1@dgrﬂébé§ﬁt inpeReRess 10fuchlso

ﬁ?é?nddﬂﬁﬁﬁéf¥ﬁmﬁ'ié?@roﬂlQCﬁ@@&H@d'Eﬂr@ ,g&b Between
Ing process such as thernmal reflow of solder
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e

sur ace po ymer trate 65ST
cogipangint ééhduct or s 638T also i ncl ude openi ngs 93ST

that; @hiiem W t hrgherbumy HST pdghke 112, a stacked
semiconductor component 116 is illustrated. The stacked
semiconductor component 116 includes the semiconductor
component 50A having the conductive interconnects 44A and
the terminal contacts 58. The terminal contacts 58 can
be bonded to mating electrodes (not shown) on a support
substrate (not shown). The stacked semiconductor
component 116 also includes two semiconductor components
50 stacked on the semiconductor component 50A. The
conductive interconnects 44 on the middle semiconductor
component 50 are bonded to the corresponding substrate
contacts 18 on the semiconductor component 50A. In
addition, the conductive interconnects 44 on the top
semiconductor component 50 are bonded to the substrate
contacts 18 on the middle semiconductor component 50.
Further, bonded connections 118 are formed between the
conductive interconnects 44 and the substrate contacts
18. The bonded connections 118 can comprise

thermocompressive connections, thermosonic connections,



substrate contacts 18. In addition, the polyner
substrate 65ST includes a conpliant adhesive | ayer
wO28b/1249st anti al |y as previously descri bed foPCT/US2006/017036
conpl i ant adhesive |layer 57SP (Figure 5A). [0105] As
shown in Figure 8C, the flexscircuit is attached to
tgﬁ sem conduct or substrate %2 usi ng the conpliant
adhesi ve layer 57ST. In addition, the openings 93ST
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én%he semiconductor component 50
(Figure 1G), but includes conductors 142 and terminal
contacts 144 on its circuit side 14 in electrical
communication with the substrate contacts 18. The
stacked semiconductor component 116A also includes two
stacked semiconductor components 50 having bonded
connections 1187, such as metal layers or conductive
polymer layers, bonded to adjacent conductive
interconnects 44 and substrate contacts 18. The stacked
semiconductor component 116A also includes a cap
component 164, such as a semiconductor package, flip chip
bonded to the conductive interconnects 44 on one of the
semiconductor components 50.

[0112] Referring to Figure 12A, an alternate
embodiment module semiconductor component 146 includes
the semiconductor component 50U (Figure 3I) on a
supporting substrate 148. The supporting substrate 148
includes electrodes 150 in electrical communication with



However, the sem conductor conponent 50WB i ncl udes

conductive interconnects 44WB conprising w res that
wanreone®sbonded to the substrate contacts 18 BQ@/US2006/017036

flex circuit conductors 63WB. In addition, the flex

circuit conductors 63WB arespounted on a poI ynmer

substrate 65WB attached to ?he sem conduct or substrate

12. Further, a wire bond encapsul ant 46\WB encapsul at es
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the conductive interconnects 44U on one of the
semiconductor components 50U. Alternately, the stacked
semiconductor component 156 could be made using
semiconductor component 50LF (Figure 3J) in place of the
semiconductor component 50U and bonding the conductive
interconnects 44LF rather +than the conductive
interconnects 44U to the substrate contacts 18.

[0114] Referring to Figure 13, an image sensor
semiconductor component 50IS is illustrated. The image
sensor semiconductor component 50IS includes a
semiconductor substrate 12IS having a circuit side 14IS
and a backside 16IS. In addition, the semiconductor
substrate 12IS includes an image sensor 122 on the
circuit side 14IS having an array of light detecting
elements 124, such as photo diodes, or photo transistors,
each of which is capable of responding to light, or other
electromagnetic radiation, impinging thereon. The
semiconductor substrate 12IS also includes substrate



conmponent 50. In addition, bonded connections 114 are

formed between the el ectrodes 110 and the conductive
wonvmricepect s 44. The bonded connections 114 eamwus2006/017036

conprise solder joints, mechanical connections, welded

connections, or conductive gglymer connections fornmed

bet ween the el ectrodes 110 and the conductive
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[0l1l6] Referring to Figure 14, an alternate
embodiment image sensor semiconductor component 50A-IS is
illustrated. The image sensor semiconductor component
50A-IS is constructed substantially the same as image
sensor semiconductor component 50IS (Figure 13), but
includes conductive interconnects 44A-IS in electrical
communication with terminal contacts 58A-IS. The
conductive interconnects 44A-IS and the terminal contacts
58A-IS are formed substantially as previously described
for conductive interconnects 44A (Figure 3A) and the
terminal contacts 58 (Figure 3A).

[0117] Referring to Figures 15A and 15B, a stacked
image sensor semiconductor component 508IS 1is
illustrated. The stacked image sensor semiconductor
component 508IS includes a base die 130, and two image
sensor semiconductor components 50IS stacked on the base
die 130. The base die 130 can include integrated
circuits, in logic, memory or application specific
configurations. The base die 130 also includes plated



t her noconpr essi ve connecti ons, thernosonic

connections, or ultrasonic connections forned using a
woamsingosool 71 (Figure 4B), substantially asPCT/US2006/017036

previously described. Alternately, the bonded

connections 118 can conpris%6solder joints, mechanica

connecti ons, wel ded connections, or conductive pol yner
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the stacked image sensor semiconductor component 50SIS to

be surface mounted substantially as previously described
for semiconductor component 50 (Figure 9).

[0119] Referring to Figure 16, a system 62 suitable
for performing +the method of the invention is
illustrated. The system 62 includes the semiconductor
wafer 10 containing the semiconductor substrate 12 having
the circuit side 14, the backside 16, and the substrate
contact 18 on the circuit side 14, substantially as
previously described. The system 62 also includes a
thinning system 64 configured to thin the semiconductor
wafer 10 and the semiconductor substrate 12 from the
backside 16 to the selected thickness T. The thinning
system 64 can comprise a chemical mechanical
planarization or an etching apparatus substantially as
previously described. 1In addition, the thinning system
64 can include these elements in combination or standing

alone. For example, the previously described CMP system



[0112] Referring to Figure 12A, an alternate

enbodi nent nodul e sem conduct or conponent 146 i ncl udes
woheossiesmosonduct or conponent 50U (Figure 31) ORC®&US2006/017036

supporting substrate 148. The supporting substrate 148

includes el ectrodes 150 in ejwectrical conmmunication
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(Figure 2A). As with the previous thinning process, the
etching process is performed from the backside 16 of the
semiconductor substrate 12, with the mask 26 determining
which areas on the backside 16 are exposed to the etch
gas 134 (Figure 16). 1In addition, the size and location
of the mask opening 28 (Figure 16) determines the size
and location of the substrate opening 30 (Figure 16).
Further, parameters of the etching process such as the
time, the etchant, and the temperature can be controlled
to endpoint the substrate opening 30 (Figure 16) on the
inner surface 32 of the substrate contact 18.

[0122] Alternately, as shown in Figure 17A, a wet
etching system 66B can be used in place of the reactive
ion etching system 66A (Figure 16). The wet etching
system 66B (Figure 17A) includes a Bernoulli holder 68
(Figure 17A) and a wet bath 70 (Figure 17A) configured to
contain a wet etchant 72 (Figure 173). The Bernoulli
holder 68 (Figure 17A) can be constructed using methods



sensor sem conductor conponent 501S includes a

sem conduct or substrate 121S having a circuit side
wo2bds/1amdsa backside 161S. In addition, the PCT/US2006/017036

sem conductor substrate 121 S includes an i nmage sensor

122 on the circuit side 141 3ghaving an array of I|ight

detecting el enents 124, such as photo di odes, or photo

tranS|stors h i ch bl f di t
and GRECTIAIS (oI BR MOMIThet CRBGREE | or OF nEFAEPLG U8

PaftlearteONo . Thﬁe, @am&ﬂﬂldentdntledbs'tcmveadﬁl@sal standling Of
eS e C n t

OB QR O A Ped B St B LEPHyR ! e

Thee tBegriavg- lel émlrdesr 16494 (th@&teﬁ@@lu@@m e@Bndotespal

p PP tn (ELEY8E coRnudli e it Hﬁﬁ:sh aatfﬁﬁwagsmcce
substrate 12 6 éFlgu e 13), such as g

nr &arant 2t 82f 1 ght P6r Bt ldiledid n%§|&Flgure 17a)
ig &Eibr&kfi@ﬁre&heol rmgfestenaopls:&mmnﬂmaidr ssongrorendh the

50I ur 1 al so_ i n udes Ly .
ag%é 8,e4 g%‘ﬁ asr?% o%yh V\Hlag% a{nt? ach f ih%l]c%%ed by
amﬁakentTlslﬁ)str@’@ea% xcﬁvgmess.@;cetneghen 80 (Figure

ﬁ@? "f%'iduﬁb%l #’SEB teyd2be (fo g%ecril3)the[ Oﬂaé&s?&fe 16

e sensor con uctor conponent gure )
thﬁrﬁ?ﬁ it lﬁﬁét%q}bs‘ﬂ*é% et%e%?ﬁg%t%@‘?%t( ﬁgur 'énm;idltlon,

tHEONDBIEt p¥E8skler ceriest 38044éc§al(§| ﬁhéec]l:i:)cﬁr’dj $ide 14 of
dleletrlgpg Elsulant 461 S, g#rel r med
I

the LA LR | ORFass 1§ PLYE &tc‘t t 72. The
Beatiiisi I 1ot ehopdarngs 3(F i{driger é?AG) aligoe oombludées velements

g SREERSE Syt L ol Bt bl LR ovenc uho
weegurld 1&ommaoating fitdevansodi ment | nage sensor

Sen1ﬁﬂﬂﬂyftthéoﬁPQH@Héhéﬁg Yo kﬁlbhkésﬁﬁﬁée@anTE%mprlse
i mge sensor sem conduct or ngonent

afbo%%%?%%%%uﬁ%&ﬁ’ﬁ%l I%P‘ilhe af@Hgs q‘?Pa‘lg’eg‘%re‘?&oFo etch
tiniglonthet anskompeidiiy S8 S(fEyguee 173), ihutthechadrs 26
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the substrate opening 30 (Figure 17A), substantially as
previously described. Also as previously described, the
etching process can comprise an anisotropic process such
that the semiconductor substrate 12 etches along crystal
planes at an angle of about 55°. Alternately the etchant
can comprise an isotropic etchant, such as TMAH.

[0124] Referring to Figure 17B, an alternate
embodiment etching system 66C includes a vacuum holder 88
rather than the Bernoulli holder 68 (Figure 17A). The
vacuum holder 88 is in flow communication with a wvacuum
source 90 configured to create a vacuum force for holding
the wafer 10 on the vacuum holder 88. The etching system
66C also includes a polymer gasket 94, which seals the
circuit side 14 of the wafer 10 and prevents the wet
etchant 72 from contacting the circuit side 14. The
polymer gasket 94 can comprise an o-ring or a tape
material attached to the outside peripheral edge of the



communi cation with term nal contacts 58A-1S. The

conductive interconnects 44A-1S and the term nal
woamicac#®558A- 1S are formed substantially as pPeviuse®bgy17036

descri bed for conductive interconnects 44A (Figure 3A)

and the termnal contacts 58g(Figure 3A). [0117]

Referring to Figures 15A and 15B, a stacked inmage

ensor .sem conduct,or component 50SLS is il ] ust
Wa%ﬁéf sﬁgcked B mBES S hebY Sse %IBn to a%or%?o%nle%?égggl Pe
atitachedesta base dilerchBDt anidie wi 4i nefe Sensorafer 10 to

1.CO to 0 at.s S s4a d : L5
£up SOET L OnEPORIERALS IS FACEAR pRRuith decrtEion
friom |l c weter@Eghaprtapid 4 catlhen Bpespetdve film 52 can

coa@Hiiral i @Rpe ThHetBasa1di eok30aaldpboctedesand cured
Rl at edopeni trlga 102SLS in el ect.rlé:al co nication with d
Pol e PEdeELEd o SPEH B8 Shd SHATHF s UBST T At PR T at F5PPe
fol88Wwengl rhadditthdng plrecessducti ve interconnects 441 S
on i=mag en duct af. nt 0, e
bondSd 4% T riS St f oRufEROLS) B gRaEAN e ek dhce
alss0, inghbedent Rabopddagreysoem| ynddha | begmf @ the wire
bo @HPW§BVQEﬂgﬁﬁé0@@?”ﬁ%¢¥h%Ftﬁé“%éﬁﬁﬁn@n@dﬂﬂilary 34
9) atedngg{genl ngs 102 (Figure 15A).. In the |Iluslrat|Vf
(Faae@ neht  #R&r EDPs vEie bzRed JPechapishd 7ful (iigere 16),
wh!i@ﬁ%%@ﬁéeé wﬁsammd ! DI%CaEpcﬁmdi@.ﬁ)ﬂ;By dewsyeihed t to
is t e underst.oaod fhat the stac ensqr
f°§é‘h@b‘i’1d88{1 PCEGSormedht S BRI E nlﬁ‘?}nc{%‘gg%%eqi%ﬁag%n the
inswens arusiage odiuct bgucenpénewntt FMeS sukbtmdte ptenbasck 18

(e ntihi B Corpnga ioa & ards PRERRTAon, 42, (Figare

16)nt ez@nntbes 44T hngpefiggs WO S Bbndéd 4 fhe 16) -
A1 A8, CUHAG Sl SdRie S UPSt 80 | 8héYb8EdRAEVEAPSLYary

descri bed far conductive interconnects.44 (Figure LG
3t bFRRF ndS 2RI Gt S3ed | SHRSEEBRdRLLT @S Previshely
destirdeennes tforkd ik addodudt bitvest AnkedconngetséAdoFigure

15*”%&993802%2 %&ﬂﬂﬂgfnéogggk§i5% 42 (Figure 16) on the
inner surface 32 of the substrate contact 18, and the
second bonded connection 54 (Figure 16) on the backside
contact 52 (Figure 16).

[0126] As an alternative bonding system, the wire
bonder 38 (Figure 16) and the wire bonding capillary 34
(Figure 16) in the system 62 (Figure 16) can be replaced
by a tape automated bonding (TAB) system having a
bonding tool 71 (Figure 4B), or a single point TAB
bonding tool 71SP (Figure 5B).

[0127] Referring to Figures 18A and 18B, a
dispensing bumping system 166 for fabricating the
conductive interconnects 44LF (Figure 3J) is illustrated.
The dispensing bumping system 166 takes the place of the
wire bonder 38 (Figure 16) in the system 62 (Figure 16).
The dispensing bumping system 166 includes a work holder
168 configured to hold the semiconductor wafer 10
containing the semiconductor substrates 12. In addition,



be surface nounted substantially as previously
descri bed for sem conductor conponent 50 (Figure 9).
wpQakAp4R@ef erring to Figure 16, a system 62 suPCaiSe06/017036
for performng the nethod o f the invention is
illustrated. The system 62 jpcludes the sem conduct or
ﬁafer 10hcontaining t he sem conduct or substrate 12
aving the circuit side 14, the ba 16, t he
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168 moves the semiconductor wafer 10 in the scan
directions 174, 176. The head element 180 and the solder
slot 182 (Figure 18B) are also configured to planarize
the solder 172 in the substrate openings 30A, such that
the conductive interconnects 44LF are substantially co-
planar with the back sides 16 of the semiconductor
substrates 12, substantially as shown in Figure 3J.

[0129] Components of the dispensing bumping system
166, other than the semiconductor wafer 10, are
commercially available from IBM (International Business
Machines) of East Fishkill, NY and SUSS MicroTec AG of
Munchen, Germany. These components are marketed as
"Pechnology for lead-free wafer bumping" under the
trademark "C4NP".

[0130] Referring to Figure 19, a template bumping
system 184 for fabricating bumped conductive
interconnects 44LFB is illustrated. The template bumping



protected by a protective elenment 136 (Figure 16) such

as a tape material, a deposited polyner |ayer, or a
worelsani®al el ement, such as the tenporary car PCEUS1®6/017036

(Figure 2A). As with the previous thinning process,

the etching process is perfggmed fromthe backside 16

of the sem conductor substrate 12, with the mask 26

det ermi ni ng whi c are s on the backside 16 are_gxpgsed
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includes flux and alignment components 196 configured to
apply flux to inner surfaces 32 of the substrate contacts
18, and to align the cavities 188 to the substrate
openings 30A. The template bumping system 184 also
includes clamping and reflow components 198 configured to
clamp the bump template 186 to the wafer 10, and to
transfer the solder 172 in the cavities 188 into the
substrate openings 30A. The template bumping system 184
also includes separation component 200 configured to
separate the bump template 186 from the wafer 10, leaving
the bumped conductive interconnects 44LFB in the
substrate openings 30A. The bumped conductive
interconnects 44LFB are substantially similar to the
conductive interconnects 44LF (Figure 3J), but have a
generally hemispherical or domed surface rather than a
planar surface. In addition, the bumped conductive



the wafer 10 fromcontact with the wet etchant 72. The

Bernoul I'i hol der 68 (Figure 17A) al so incl udes
wehemwani®s ( not shown) such as alignnment tabs, wOTAIS2006/017036

prevent the wafer 10 from noving sideways. [0123] The

wet etchant 72 (Figure 17ﬁojfan conprise an

ani sotropi c etchant, such % configured to etch

t hrough the mask opening 28 (Fl gure 17A he mas
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f'rom con he circult side 14.
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t etc t tectd |Im92 can conprise a
\Agﬁ %%eo:ggg' |g’epo? ) éaglfnd cured pol yner
mat er i aI such as a resist, which can be stripped
followi ng the etching process. [0125] Referring again
to Figure 16, the system 62



al so includes a bonding systemin the formof the wire

bonder 38 (Figure 16) having the bonding capillary 34
WORBI@uR€916) and the wire feed mechani sm 78 ( FPQUMUS2006/017036

16), which operate substantially as previously

described to formthe conduggive interconnect 44

(Figure 16) on the inner surface 32 (Figure 16) of the

substrate_contagt 18 (Figure 16) by form ng the bonded
WHESnhEcETHAMED ?érgure 16) and then severing the wire

36 (Figure 16). Alternately, the wire bonder 38 and

t he.bondi pg L lar 4 (Ei.gur cag b

sub%fanti ||@$§§5€re%P%Us%?éﬁ%§??€é8 tg f%?#??%gdUCtor
copppdecti vemprigivgnnect 44A (Figure 16) having the

bongedvddingctei crubityaigupavisy anfiketi midle s feeeond

.32 of the s , d t S d bonded
SlggﬁngggiSnsggg%kségrggg%%ggn$§hgﬁgag&§%§egggﬁfact 52

(Fi gorenitfy) . ah01@bénAnganf abmertiae i \sedyomdli sg.dsystem the

%he wire bonder 38 (Figure 16) and the w re bonding
subghrets FOB43FEi gGPE 16) in the system 62 (Figure 16)

canpadien acetbriyudtivpeinvboovhadchondi rthd Tning to

system having a bonding tool 71 (Figure 4B), or a
thej gyostyaitht CPABASENdi ng tool 71SP (Figure 5B). [0127]

Referring to Figures 18A and 18B, a di spensing bunpi ng

system 166 for fabricating the conductive o

i nt @.conn®bes maLhodri @dr ec3Pin s 1j | Fysthhied ComMprising

di [ b ' t 6 k age: t
R e e e S I e R R
bohd)ingllseegi.spensi ng bunpi ng system 166 i ncl udes a work

hol der 168 configured to hold the sem conductor wafer

10 contai ning the sem conductor substrates 12. In

addiz.i onghbe merheandfct ®rasmbgt retiesei? ithel udentthetive
. pocket sized substrate openings 30A forned fromthe .
LRACARRREE 1 §OBP RS S ot COrTRICEBR SUst PAPEAtE, TP 1S
prS AnRE S 3CBONA Y ddpiissirate contacts 18,

substantially as previously

4. The method of claim 1 wherein the conductive
interconnect comprises a flex circuit conductor on a
polymer substrate, and the bonding step is performed

using a tape automated bonding tool.

5. The method of claim 1 wherein the conductive
interconnect comprises a flex circuit conductor on a
polymer substrate, and the bonding step is performed

using a conductive polymer.

6. The method of claim 1 wherein the conductive
interconnect comprises a metal ball, and the bonding step

comprises a ball bumping process.



described. In addition, the inner surfaces 32 can

i nclude a sol der wettable | ayer or a solder flux,
weubsitiasmsal | y as previously described. A s sheamusz6/017036

Figure 18A, the work holder 168 is novable in an

Xx-scan direction, as indicaygd by scan arrow 174. As

shown in Figure 18B, the work holder 168 is al so

movabl e hheanésGy dbEe@liLity &S whdiciat edhby cidductive

arrow 176. [0128] The di spensing bunpi ng system 166
inaegconnepudégm@reisgﬁe@siwaﬂemglrﬁrsrﬁr@otl?% RoRfing step
co% QEEEEPQtWQEe“bBBdQngr $pukggsSource 178. The

spensi ng nmechani sm I70 1s a stationary el ement

configured to hold a quantity of solder 172 in a

Vi sgous t Rref erabl y,_ihe.s 172 ' :

| ead *fr egfu%ol%i etrﬂgérh[e)%di%/lpaejhlgi %g%@eaﬁs%ﬁ%%éﬁﬁcelve
inteckcuteeca keagprdlsemerd mBkhlhdally carsdl dee sonding2step

Fi gure 18B) ,confiqured tQ dispense the sol der 172
Co&ﬁngFﬁe Y %Pﬁa9§g8§eﬁiﬁ§§p§%%l§§ Pﬁ@cﬁ%ﬁK hol der 168

nmoves the seni conductor wafer 10 in the scan
directions 174, 176. The head el enment 180 and the )
sol Qer sFbe TEPthgd ggfe AbBIMale QP tOntNGureeRBctive

R A i 1 Znd ¥t NSa BUPSLA@t €n8PBBHAYSG ste
ln%f%?%@ﬂ§%ttEg?&?%gﬁ%%nductive i nterconnects 44LF a?e P

cogyhsitsas | ungirgphaiag & ttranefeackromdes et tepplate
senm conduct or substrates 12, substantially as shown in
pﬁﬂ%ﬁiﬁé 3J . [0129] Conponents of the dispensing
bunpi ng system 166, other than the sem conductor wafer

10, e co rcia avaLl abl e.from | er ' :

Busiltess MaBHi HB%&%P £aE¢ %Jréiﬂ?i |f], fﬁl\hrd‘éﬂh%} s&%ﬁb?ﬂghng
bIMERYT ehAG sid udiiiche ni n€er saumyec  hes eacsapondntsbateate

mar keted as "Techno] ogy. for | ead-free wafer bunping”
CM@ET e they 'SEAANP". [0130] Referring to

Figure 19, a tenplate bunping system 184 for

fabricating bunped conductive |, .
11. The method of claim 1 £further comprising

forming a dielectric encapsulant on the second side
encapsulating at least a portion of the conductive

interconnect.

12. The method of claim 1 further comprising
stacking a second substrate on the substrate having a
second substrate contact bonded to the conductive

interconnect.

13. The method of claim 1 further comprising
forming a first bump on an inner surface of the substrate
contact and wherein the bonding step bonds the conductive

interconnect to the first bump.



i nterconnects 44LFB is illustrated. The tenplate

bunpi ngsystem 184 takes the place of the wi re bonder
wGO&o(ehARgese 16) in the system 62 (Figure 16). PO®/US2006/017036

tenpl at e bunpi ng system 184 i ncludes a work hol der 192

configured to hold the sem ggnductor wafer 10

containing the sem conductor substrates 12. In

addiit4.on, Thee nmgiibndictakhistbst wateeih? tirel sdrdtibeive
. pocket sized substrate openings 30A fqrned fromthe
INFRUC QIMREE 19OBPT LR8BS s Smitdieh YR  80HstT it ROUSIRG Step
id RRAfNGS Wsiders FAud durperubstrate contacts 18,

substantially as previously described. [0131] The

tenpl at e bunpi ng system 184 al so i ncl udes a bunp

tenpl ate 186 havi ng cavities 188 configured to hold

SM(kﬁ-17?heTW@§ﬁﬂ#t?éscﬂ@8mxﬁr¥§66ﬁgqr?@ﬁz%?ngHSEéve
irdelr &6fakicen b@otgla:wbsﬂﬁicgﬁe apﬁnigg?oﬁﬁﬁoéﬁldﬁhewith a

em.condquct qQr. substrates on the wafer 10. The
sﬁaﬁ%eﬁ]ge&ﬂ%&hg system 184 al so incl udes the

di spensi ng nechanism 170 (Figure 18A) configured to

dis se 172 i .1 h L1

subgtdhtigﬁﬁy%géggégvf§i5€§gaés?Ti e%£?%§ %%?%iﬁgbfﬁgate
coupidleesved i Plavicohier t 9 U4BRbetiriie £ORtaga3Ang nthe
opiitlidd Qhcitkte d£ M atudiiRITY g 84 includes

flux "and al i gnment conponents 196 configured to apply

flux to inner surfaces 32 of the substrate contacts

18, Hhd tolal ngthose Eovit fedrigmtinghed sptigprductor

'g9§ g enpl ate bunpi ng system 184 al so
mﬁﬁ%ﬂt esé%%%ﬁﬁ%%?ihd refl ow conponents 198 confi gured
t o pmowidiwg bansardmuratectds sobtheatef draviing aad fiigst
transfer the solder 172 d.n the cavitjes_ 1 in e ...
side: ParE gach RS aOR s CHITEREE b ORp Tl SooFRm Side
hdBinal 3@ | irhedesehaca) | andcoaperetind08ontakitgused the

to separate the bunp tenplate 186 fromthe wafer 10,
S@QORA 4% bunped conductive interconnects 44LFB in

the syhsifgt & 08EBERE% +30%pdhengunped thendyehi¥8nductor

substrate from the second side to the inner surface of

the first contact; and
bonding a conductive interconnect to the inner

surface of the first contact and to the second contact.

18. The method of claim 17 wherein the conductive
interconnect comprises a wire and the bonding step is

performed using a bonding capillary.

19. The method of claim 17 wherein the conductive
interconnect comprises a flex circuit conductor and the
bonding step is performed using a tape automated bonding
tool.

20. The method of claim 17 wherein the conductive

interconnect comprises a flex circuit conductor on a



i nterconnects 44LFB are substantially simlar to the

conductive interconnects 44LF (Figure 3J), but have a
waqgemsriakdoy hem spheri cal or doned surface rat hecTaisam6417036

pl anar surface. In addition, the bunped

conducti vei nterconnects 44LFB can conprise a |lead free

sol der substantially as previously described. [0133]
Pasywerh shestispensimg edieminicsystconmédicaedbipanenish a

t i n stem 184.. ot her than the

t%%ﬁ@%%d‘%%@é%ﬁa&é%%gpéi@%ﬁﬂ %Fﬁ???/ avai | abl e

fromIBM (I nternational Business Machi nes) of East

Fishkill, and SUSS croTec AG of Mupchen, GCernany..

Thes}éir:o %eﬁ?%ré‘?% r RéPed ds/ "RRFELR ogPer Gonductive
iheedéosgevnl ebmbiBeRy'a WISt ¢DechiadesBakct6#NRaving a

[0134] Thus the invention provides a nethod and a
bugip 1 RoRdRR FRALERR A RRRT e E/%RIuct or conmponents, and

i nproved sem conductor conponents as well. Wiile the

i nvention has been described with reference to certain

pr ef ¢ r ed Theb et sof aslailml e wippoeemt the tHooskctive
. SKi LRt rt.. Gertaj hanges..and_nodi fj cati ons
S | o i AT E oS Protine SUBCEF®: pgd” the
bomdeng i sheps cdmbiriee sbyf ddwel rigpld dvdnginyapsde¥HAL bl the

. IMED LS, 1 . A nethod for fabrjcating a
LA CORAEATS: SBGmibr TS SFAGYIEF oJRgPRgbEtveen the
£ Bet s¢ L vdel havomduet i rsid SLEE, benSBEeNsesbseal and a
substrate contact on the first side; form ng an
openi ng fromthe second side to the substrate contact;

and Hondi Bged rAHBICLd¥ ech BE AN A9 NAR rd In t PReORRAAG + i
.to the substrate cont act . 2. The ne]ﬁi(;% gﬁecﬁg’?lr% tive
1nbeYReRNespreeMpgishsnm nd Uetxe sdbswuiat econdnctbe on a

Opffist LPLed O ondi 8. 5L 60 3n thad of
Pe aln1?§%£%$€%%ét%é9§%ﬁd§gtpggﬁage’ dna TR @%H&ing step
is performed by placing a bonding tool through the

opening in the polymer substrate.

24. The method of claim 17 wherein the conductive
interconnect comprises a wire having a ball bond on the
inner surface of the first contact and a wedge bond on

the second contact.

25. The method of claim 17 wherein the conductive
interconnect comprises a solder bump and the bonding step

comprises a thermal reflow process.

26. The method of claim 17 wherein the conductive
interconnect comprises a solder bump and the bonding step

comprises a dispensing process.



i nterconnect conprises a wire and the bonding step is

perfornmed using a bonding capillary. 4 . The nmethod of
wohkeisrmd298her ei n t he conductive interconnect ceapPrISs®S/017036

a flex circuit conductor on a polyner substrate, and

t he bonding step is perforned7using a tape automated

bonding tool. 5 . The nethod of claim1 wherein the

condfiét i v&hentestehrtheef cdmpni sék whétreincitheuidonductive
; n : r.s r.at nd_the.bondi ng. ste
e G TP Y OE andn it b Bya) e o2 By Feep
comphbeedfactuans lenhérennat bemp obetupl ave prbesgennect

conprises a netal ball, and the bonding step conprises

a ball bunping process.7 . The nethod of claim1l

wher28n t heheondathbde oAt FicHNmNEqt7 CEURHhEaS éoﬁ@%@sing
tbaII and t he bondiaﬁ step conprises a wire bonding

DHYetRE The SeRLCABEHGHCDT suPatFRtewhEPE; Fhensecond side

6 0dsSIéFEed NERISIORESS L p SOTPT £ 5680 HBA@ ndaLtepand
t he bondi ng step conprises bunping using a dlsh%n3|ng
process. 9 . The nethod of claim1l wherein the

condpgt i veqhat ep CtygONprises l...and. _.
t he bondi ng step&ggﬁgTiggs J%%?né%ug?ﬁgkgggiaﬁgnglSlng
staekiacbup tspdade pubedssatd0. ofthetiret hednof cohdumtor

jsing b i ng.the conductive

s%%%g%%%%%ec{ %%hg sgco%gggﬁ tr%?%ggg adongedneto the

comtornidivwe dentdicomsctet hod of claim 1 further
conprising formng a dielectric encapsul ant on the

second si de encapsulating at |east a portion of the

conBe! i veThst aficORBECIof 1212k T8t Nedrehed aEBhbrising
further conprising stacking a second substrate on tﬁe

£QIBLRPat 8 h&F g & lse oM atbst PRt etk@nt seeobdndedden in
e186tG0NEHEt i VBommunication with the conductive

interconnect.

31. A method for fabricating a semiconductor

component comprising:
providing a bonding capillary configured to wire

bond a wire;

providing a semiconductor substrate having a circuit
side, a backside, an integrated circuit, and a substrate
contact on the circuit side in electrical communication
with the integrated circuit having an inner surface;

forming an opening in the semiconductor substrate
from the backside to the inner surface of the substrate
contact;

forming a conductive interconnect in the opening
using the bonding capillary, the conductive interconnect
comprising the wire and a bonded connection between the

wire and the inner surface.



i nterconnect . 13. The nethod of claim1 further

conprising formng a first bunp on an inner surface of
wOheresinke9sr at e cont act and wherein the bondi ngPeTA|82006/017036

bonds the conductive interconnect to the first

bunp. 14. The met hod of clainmgd wherein the conductive

i nterconnect conprises a stud bunp and t he bondi ng

step32s p@heomeddhogsioly @latmd3buwhereihbthEheomiiief the

laim,1 rein.the copductive .i nterconnect
ofenfhd Boed bl iston o Er Hang (1 SUPSTErT chgem. the
bagksThkie newvhbddeof pidtertinker ainet heisehsiy atgide, and
C rises a plurality of substrate contacts and the
e%%£$+%€l%%c?$cFé§ FHRSETREe repRtaGht acts. 17. A net hod
for fabricating a sem conductor conponent conpri sing:

providing a semnm conductor substrate having a first
side33a sedbfd BeHBOda ofr tlasont At Snriher | compsiideng

fB@MEBg a%i'HE%lééEEi%ﬁ’éﬂgkékﬁfgﬁ@q(Hﬂuzgﬁ%gnbggﬁside

second _side; formng a substrate opening in

eRRAPEHAGFIT &lisst banddd omarnesetond shde 41 tlhaast a
péfgggns%gf@ﬁéa&{répe first contact; and bonding a
conductive interconnect to the inner surface of the
first contact and to the second contact. 18. The

met of aim 17 wherein the conductive interconnect
corrphér)zlg'ses ghﬁﬁ rBeEhg th%% bGiRiYy Stepfhstpert orpmarising

fomsiig 2 beacbng Soplbd abynnddridhepaelled ehetlaid Lhd a
bmq$re n the conductive interconnect conprises a flex
a4 & YHARE A7 e thrcksbviR ng step is performed
usi ng a tape automated bonding tool. 20. The nethod of

claim17 wherein the conductive
5. The method of claim 31 further comprising

forming a conductor on the backside in electrical
communication with the wire, and a terminal contact on
the backside in electrical communication with the

conductor.

36. The method of claim 31 further comprising
forming a bondable metal layer on the inner surface prior

to the forming the conductive interconnect step.

37. The method of claim 31 wherein the providing
the semiconductor substrate step comprises providing a
semiconductor wafer containing a plurality of

semiconductor substrates.

38. The method of claim 31 further comprising
attaching the semiconductor substrate to a support
substrate by forming a second bonded connection between a

plated opening on the support substrate and the wire.



I nterconnect conprises a flex circuit conductor on

apol yner substrate in electrical communication with a
woenwsia9scont act on the pol ynmer substrate. 21PCThiS2006/017036

met hod of claim 17 wherein the conductive interconnect

conprises a flex circuit condgctor having a bunp
bonded to the inner surface. 22. The nethod of claim

17 wh8rei n A haedtmidctiore ifdler toattay canpséfesoaductor
[ L CUj nductor and the bonding step conpri ses
c%%gé?%g£agg%%%$%§ggédestaI on the inner surface and a

condpebinieipa yrer fllaer dietyees t@@m%k.@éi‘ﬂg’ C t polymer

cgnguc orwﬁg$ t he__bondi ng pedestal. 23. The nethog 0?
SRPEFRPI? efn TIRF cEhdGEdty coReFERRNER thapmicdaaner
sabstextejrcuit conductor on a polynmer substrate having

an o eniqg, and the bonding step is perforned by

pl acPhgVRIbRPdR n§ensePREnEsagh subs tapss hgviimg ke circuit

sﬂ@éynﬁrb%HR%HH@Heaﬁhﬁnégﬁ%éggéogiPéqu?ighﬁ7ég%a§?%%ate

t he conductive i'nterconnect conprises a wre
cpatachopd die heirewmér sddeade ofledericadt commiadication

n second. contact. 25. The net hod

‘Wg€ﬁc?%%ﬁ?%@egﬁgg%gnciﬂéu%%ﬁ%%%%?%ea?n%%?%%nﬁ%% ace;

conpfoseing swl depehing and thehmmdﬁ&if@ofomws&%te

hermal__refl.ow process. .26. The nethod of claim 17

f%@%rgpﬁ %ﬁgiﬁﬁ%ﬁuﬁ?vEﬁ?nFQPEGnﬁ&ﬁf%ﬁﬁmﬁfségeaSﬁh%ﬂﬁate
cdnitgcendaddie bondi ng step conprises a di spensing

process. 27 . The nethod of claim 17 wherein the

condRREAYRI; he c digact cisppiitsegondyetear banp:lend inner
siFesdwndi ng step conprises a transfer froma bunp

tenpl ate process . 28. The nmethod of claim 17 further
conprising thinning the sem conductor substrate from

t he co i S ed.thickness prior t .0 th
bond: g o' #Eghod Ae SELERLCYe VhBERTR] sBe Pongif Step
l&an&t$¢n@eétauking aasethadmeuest r at e t@edi®compression
b&ﬁﬁgﬁéwgggffnbr a thermosonic bonding tool.

41. The method of claim 39 wherein the bonding step
is performed using a tape automated bonding tool placed

through an opening in the polymer substrate.

42. The method of claim 39 wherein the bonding step
is performed using a conductive polymer between the flex

circuit conductor and the inner surface.

43. The method of claim 39 wherein the flex circuit
conductor includes a bump configured for bonding to the

inner surface.

44, The method of claim 39 wherein the inner
surface includes a bonding pedestal configured for

bonding to the flex circuit conductor.



substrate having a second contact bonded t o the

conductive interconnect. 30 . The nethod of claim 17
woéuondshies29sonpri sing formng a term nal contact POWUSE®6/017036

second side i n e lectric al conmunic ation with the

conductive interconnect . 3150A nethod for fabricating

a sem conduct or conponent conprising: providing a

bondi ng capillary configured t o wire bond a wre;

provj di ng sem, conduct or. subsgrate having a circuit
side?gé b SFE%%O h 9 t%iﬁ%ﬂe_chP@E?EP gﬁ@ gorming the
opehshpatetepntamprdsdshectbhe gt Shdle shibs@lebld | €8bm the
n

co icatipon with the integrated circuit having a
bERRELAE,YSERT  FriengPEAtegEARag e t Ré reaMitconider orand

eSdpsinel gl 6RMASCsBBSKSLEE Lonthgel nner surface of
the substrate contact; form ng a conductive

i nterconnect in the opening using the bonding

capijgary, e ti i nt 0 ct.. ¢ rising the,
mﬁrehgnd aT%%ndgggggﬁné%?i5ﬁi%éﬁmg§ﬁ %Hg%%% e SRACEHSing
fonamandgsures achlSPecThné cnetchorhp$utkaitm Ih whetiei nbbbRside

' [ t [ t chi th
R N ST L
partiontositiee BAhek edtiponid i den@ictde. substrate

contact. 33. The nethod of claim 31 further conprising
formng a dielectric encapsul ant on the backsi de

encapsul at imgmehadiwnded- cennactd op;apd at d
ortion of the wire. 34. The nethodlog c?ain1 %éoadUCtor

¢ WP?Wﬁﬁtcﬁﬁﬁﬁf%ﬁ#ﬁﬁ¥orn1ng a second bonded connection
Dl RS LAgyd Lol cE SR RUAREOAL AL POEE, o second
skdmmprard ny substrate contact on the first side having an
inner surface;
forming an opening from the second side to the
substrate contact; and
depositing a solder material in the opening and

bonding the solder material to the inner surface.

48. The method of claim 47 wherein the depositing
the solder material step is performed using a dispensing
mechanism having a head configured to planarize the

solder material with the second side.

49. The method of claim 47 wherein the depositing
the solder material step comprises transferring the

solder alloy into the opening from a bump template.

50. The method of claim 47 wherein the depositing
the solder material step comprises applying a flux to the
inner surface and reflowing a solder ball on the inner

surface.



form ng a conductor on the backside in electrica

comruni cation with the wire, and a term nal contact on
woOheoshiaedesi de i n el ectrical conmuni cation w t hPCIIS2006/017036

conductor. 36. The nmethod of claim 31 further

conprising form ng a bondabl 1 netal |ayer on the inner

surface prior to the form ng the conductive

i nterconnect step. 37. The nethod of claim 31 wherein

t he ovi dj th em conduct Qr sypstrate step
conp??ées Eﬁgvﬁ8$E§°§]é%§18§ﬁdabt 9 WHerelsnithei §gleer
mpterbdl t gombr bees coNtkbied of rselbsé1@ées . 38. The net hod

of claim31 further conprising attaching the
sem conduct or substrate to a support substrate by

formng a saeondebrBEe £0NGLEH 0N DEERRRR 3 pggﬂlﬁ%ising
0] enlng on the sugport substrate and thg wre.39.
ChiRRbRdf She abRPERERRE £ EbadRAGES Edeperdmr to the

ASSERT 4 SAP K hd Y1 g P cl it conprising a
pol ymer <5slubstrate angn%%l%%l c%é%ﬂ conductor on the
pol ynmer substrate; providing a sem conductor substrate

havi a cirguit si a backsi_d . an i,nt egrated

cin%?f, and " a gﬁﬁﬁggteékﬁta&é%ﬁﬂ?ﬁ@%HQCuPtsﬁH%Cked
semiedrebiaiaal camponenic adompr Ve ity § he i ntegrated

circuit having_an.nner surface; formng an opening in

t he BN tOHEicforr T st FSHECPRBRFERE ISRRMRARANE oha¥Wiéng a

firmiers Sde | aae selcdte SLRS] rat 8opeREAClon &Kk b?ﬂ?égg side,
I#ﬂe flex circuit conductor to the inner surface. 40.
abthe Aftet ABA O Ic| 2X HERIL R eriEr oMt Fdrebofidirsy sse@ei sto the

seRydPrgMRIE usi ng a thernode, a thernoconpression
bondi ng tool, or a thernosonic bonding tool. 41. The
met RFPOEAENGI @ 300nHBrsilvet henbendpngesttepon the first

semiconductor component having a bonded connection in the
opening on the contact; and

bonding a second semiconductor component to the
first semiconductor component by forming a second bonded
connection between the conductive interconnect and a
second substrate contact on +the second semiconductor

component.

54. The method of claim 53 wherein the conductive
interconnect comprises a wire bonded wire and the second
semiconductor component includes a plated opening

configured to receive the wire.

55. The method of claim 53 wherein the first
semiconductor component comprises a semiconductor die and
the second semiconductor component comprises a support

substrate.



is perforned using a tape automated bondi ng t ool

pl aced t hrough an opening in the polyner substrate.
wa2006fine9set hod of claim 39 wherein the bondi ngCsUSR06817036

performed using a conductive pol yner between the flex

circuit conductor and the ingpger surface. 43. The

nmet hod of claim 39 wherein the flex circuit conductor

i ncl dbles aThenpmedioidgjupéd &daifonsld ngvierdhe IHHEr first

: 4. The nethod of c]Jaim39 wherein the inner

s&ifi 308 ucttix, s 88FaARRHE ng b dsbeal SEBRP g eBLFeRdactor

chopobent teohpei $& exeni ¢ondiceondactsr . 45. The net hod
of claim 39 wherein the fornming the opening step
conprises etching the substrate fromthe backsi de

usi g7 Whi tRe PheLREYI ifl E8ULHESedS, +aRd £
endpoi nting on the SBESF?E%Q ggnygg?%q%GF%%hgﬁﬁﬁﬁua?nded

CRRNRF AL ANIF IR E heeScorprisengodnd niony a disgpectuitomated

b&igapsul ant on the backsi de encapsul ati ng the bonded
connection and at least a portion of the flex circuit
conductor. 47. A nethod for fabricating a

sem conductQr ¢ nent gconpri.sing., providing a .
substTate ?g\?i nl{g?ggﬁ?lgr s?fs:gg&l% géco£8r§?‘&§, aAwPgising
feuhstraat e aoont atideanf e filayesi depbBavigeth anth@nersirst
Ssurfacg' forning an openin% fromthe second side to
TReCRUBEFERCe EERPROEN ngRdepblft i FRC ARG 0| SRIFICONductor
coamgridd. i N the opening and bondi ng the sol der

material to the inner surface. 48. The nethod of claim
47 wherein the depositing the solder nmaterial step is

per fy med @aNgnar ALgPeysi hanj s Vi ead .
configured to planarize thg@ls%ﬁeﬁs@na%%%a%l Wi t%#ét hgirst
Sefeteffdgicder 4 ompengmthod wipriaem 4amhemeget heensor

séiBRBHI b r component.

60. The method of claim 53 wherein the first
semiconductor component comprises an image sensor
semiconductor component and the second semiconductor

component comprises a semiconductor die.

61. A semiconductor component comprising:

a semiconductor substrate having a first side, a
second side, a substrate contact on the first side having
an inner surface, and a substrate opening extending from
the second side to the inner surface; and

a conductive interconnect bonded to the inner

surface of the substrate contact.

62. The semiconductor component of claim 61 wherein
the semiconductor substrate comprises at least one
integrated circuit in electrical communication with the

conductive interconnect.



the solder material step conprises transferring the

solder alloy into the opening froma bunp tenpl ate.
woeQoosfiheset hod of claim 47 wherein the deposi PCIESL6/017036

sol der material step conprises applying a flux to the

i nner surface and reflow ng 83sol der ball on the inner

surface.51. The nmethod of claim47 wherein the sol der

mat erial conprises a lead free solder. 52. The nethod

f i furtk i Si hi_nni .substr at
ron The Tie  EER1EEnAaMRE° HhfonashE B 516188} tlierein
theteondicstep. ifBerdommédiodedmpr{ eds | £ aving Bosdagkefre.

sem conduct or conponent conprising: providing a first
sem conduct or conponent having a first side, a second

si des4 a Ovméa§ém@60h§ﬁc£bf$Eoﬁ?gﬁenﬁngfa@l%ﬂﬁp?qgwherein
xtending fromthe first side to the second side;

e
ERe o AWMGHF B E_RndIti§ HROPREEEC RRIBRT 18RSt he ffikest circuit

cSREEUSE of SOTRRNENS @y g @ bonded connection in
the opening on tHe contact; and bonding a second

sem conduct or conponent to the first sem conductor

co ent ] 0 bonded cannecti o ,
be?aggh fﬁ%¥c%%gg%$$%§c?§%e?ggﬁﬂgngaﬂg 5E§é@o%& wherein
t%@bs&m@u&tﬁwﬁadmhnr¢¢mmsetombm@ﬁdsesduﬁt@aexhcircuit
n . .54, The nethod of c|aim53 wherein _the
c%%ﬁgugﬁgma?%tePCmﬁéEYmg&nnﬁ%%§t5QH%e bBnd&d-&FFeical
camuuh heas£oandySel OndeendhalonPeALAE Ll Néh UGeR 8polymer
Iqtea openi ng configured to receive the wire. 55 Tﬁe
S €f claim53 wherein the first sem conductor
conmponent conprises a sem conductor die and the second

sem conduct or conponent conprises a support
subsi&-at L1585 SMECORIARGEOD CONpONe B8 ofieckhnmt b2 frhesein

the conductive interconnect comprises a flex circuit
conductor on a polymer substrate and a conductive polymer
layer between the flex circuit conductor and the inner

surface.

67. The semiconductor component of claim 61 wherein
the conductive interconnect comprises a metal or polymer

ball or bump bonded to the inner surface.

68. The semiconductor component of claim 61 wherein
the inner surface includes a solder wettable layer and
the conductive interconnect comprises a solder ball

bonded to the solder wettable layer.

69. The semiconductor component of claim 61 wherein
the conductive interconnect comprises a lead free solder

filling the opening.



sem conduct or conponent and the second seni conduct or

conponent conprise sem conductor dice. 57. The nethod
wohowl1a#29s 53 wherein the first bonded connecti 8aT/US2006/017036

conprises a wire bond or a tape autonated bond. 58.

The method of claim53 furthegg conprising formng an

underfill layer between the first sem conductor

conppoent Taad sehe coadard o€ HoaRReeO o £ YMREENYE 1 -wiRdrein
The nmethod of ¢laim53 whereinthe first sem conductor

tRBnFOREHE LA YR LPEEE CRRTPREY € TIPS SE Ss diRlanhikand solder

ptagPenening fRe dpenimghod of claim53 wherein the
first sem conductor conponent conprises an inage

sensor sem conductor conponent and the second

sem gondu r [ serd conduct ie. .
o5 RELenghe seATRBREL LT ERCR ST S o
then conductdvesubstrattonrading corpr ssesi de, solsdEonbump

' a_substrate contact on the first side having an
P?%ﬂ%?tgﬁﬁfggg? %ﬁ% §p§ﬁﬁ§?rate openi ng ext endi ng from
the second side to the inner surface; and a conducti ve

inte&gonnect bondeg to the inner surface of the
substf at e® cBRPLEPRIBSt O L eOBRANEBRJGETBE L 8dRBoONENt of

cl ai & GeniiiucEbe SUPLRINUCT L vWRST 4 ats ,CANPELEERS 4
at | east one integrated circuit in eléctrica
SeeAREnFEaty ot AHPRtEREScERAGErtyen mher fdmedctsidsg. and a

sUPSt SERECRRANGLY &anmonent efof) %gfa 6 &eggd%hgg the

conductive”i nterconnect conprises W re bonde
sestraee sepntaetucand conponent of claim 61 wherein

the co [ i nterconnect ¢ rises a flex circuit
condtoberasr s HEPPEERhe PN agfe TaubSErEt”dontace
cempr fsndyclowicenpomenheokublsairatel opeitndg and a bonded

connection between the wire and the substrate contact.

73. The semiconductor component of claim 72 wherein
the semiconductor substrate comprises at least one
integrated circuit in electrical communication with the

conductive interconnect.

74. The semiconductor component of claim 72 further
comprising a second substrate stacked on the
semiconductor substrate having a second contact bonded to

the wire.

75. The semiconductor component of claim 72 further
comprising a terminal contact on the second side in
electrical communication with the conductive

interconnect.

76. The semiconductor component of claim 72 further

comprising a second substrate contact on the second side



the conductive interconnect conprises a flex circuit
conductor on a polyner substrate in electrica
woansue®at i on with a term nal contact on the pOTAISEIN6/017036
substrate. 66. The semi conductor conponent of claim61l
wherei n the conductive intergonnect conprises a flex
circuit conductor on a polyner substrate and a
hegwvndgcta veepohynssohdger deginged dihewlik®Xx €he Ceionductive
icgnductor gnd the inner surface. 67. The sem conduct or
RETHORRAECHf ¢l ai m 61 wherein the conductive
i nterconnect conprises a netal or polynmer ball or bunp
bonded to_the inner surface. 68. The sem conductor
conpbhent TBE EPBLRPBIUGHEKeCAMPRECHENOE SUfigcd2 further

cbﬁﬁfﬂgfﬁgaaSQEQQECE@EEa@h@aF ¥%§h %n@ntQ%.ngygﬂqsgide at
I nt erconnect conprises a solder ball boné% to the
lggisder WwA¥hHplad 1vyerene@psthéasdm aondubeor compbnentive
iRfeféahMREL, Wherein the conductive interconnect

conprises a |lead free solder filling the opening. 70.

The sem conduct or conponent of claim®6l wherein the

condugtive interconnect conprises, a planarized sol der

o ug T1 11 s e ER o O oRgRE SafpEE e or
conpanermicfordwd toH 1 subestidtd hBa¢eAduUCii ¥8rst side, a
I ntercopnect c EErises a sol der bunp projecting from

SeRpehify. 2721 ALERPESRALEL 6PREBR0RBNTENCOMILSE rigide,
a SeWeeeRAdW OfisHASE! alf @@&begi@am'éﬂmﬁﬂﬁ@ba@agn with

second side, a substrate contact on the first si
thggsubstibatparensgeti-ngrektenekeend r subshesasec cod teicte on

RO ddeosybsigat e contact; and a conductive
| nt erconnect oh the substrate contact conprising a

Wi reai subseraist opeaiogenfngmancthe Isexdet ceddectton the
sOsiveen the w re. and, the substrate contact.
4
a conductive interconnect on the second side
comprising a first bonded connection on the first
substrate contact and a second bonded connection on the

second substrate contact.

79. The semiconductor component of claim 78 wherein

the conductive interconnect comprises a wire.

80. The semiconductor component of claim 78 wherein
the conductive interconnect comprises a flex circuit

conductor on a polymer substrate.

8l. The semiconductor component of claim 78 further
comprising a terminal contact on the second side in
electrical communication with the conductive

interconnect.



73. The sem conduct or conmponent of claim 72 wherein

the sem conduct or substrate conprises at | east one
wonvegeaed circuit in electrical conmuni cati oRCWiUSEN06/017036

t he conductive interconnect . 74. The sem conduct or

conponent of claim 72 furtheggconprising a second

substrate stacked on the sem conductor substrate

havi #3. a Skeomemionhdattbendetpbnenite ofi Icd.aihb 78T rther

LeQnduct or .component of claim 72 further conprising

c‘?\lﬁ?‘]é??ngﬁ | % A SLECBRLEN e Aol 5 thE i fRF BERERCHPENiNg
confriiguredt iton mdllabe eﬁadwdd(ﬁ:ﬂ_iﬂieeffﬂ@@?ﬁanneZ‘é- from
tThe sem conduct or conggnent of claim72 further

NPT MPEC LR PP R at e contact on the second

si dehavi ng a second bonded connection with the

conductive interconnect. 77. The sem conduct or

conptirent® ol GRRAYRL G redrponempréepi sim el ectri c

encapsgbait ofRukR esgg:y% | de Least partially .

encapsul atiﬁg Phe%ggn uc |I§/éete| nﬁé}’%gﬁn@ctc%r%tﬁlde' a
baghs kdmduerointegpened: cdampriitsi nand aa seabseREYE! @ontact

s r i a f.irst. side, second side, a first

U §%r§%gcggﬁtgggeo&qﬂﬁ}§q§%&cé§cﬁfm%ﬁp+ﬁ§EbP%t€éth the

irtiqgnatted wisteaciti cald conmuni cation with the substrate
contact, _and a.secopnd substrate contact on the second

sidé SOHMHTTIYE opREPRGOMNGRE h@Beddinl Siatslcondhetor
sundstagee oonbaclsidgd & CONBUELENR | HALEON0CCE O the

b%:ﬁte J.ffgecond side conprising a first bon onnection
S f FPstthgipsubatEasenteentaid, aasec omdwhiaededa flex
ciceet IcIh@ict B8 SEFO trat ontact.. 79. The

seni conduct or conponentrgjoggg'l%ﬁrﬁw ?él%\ﬂwe gvng @ Bondea
connection on the substrate contact.

84. The semiconductor component of claim 83 further
comprising a terminal contact on the backside in
electrical communication with the conductive

interconnect.

85. The semiconductor component of claim 83 further
comprising a dielectric encapsulant in the substrate

opening at least partially encapsulating the wire.

86. The semiconductor component of claim 83 further
comprising a second semiconductor substrate on the
semiconductor substrate having a second conductive

interconnect bonded to the substrate contact.

87. The semiconductor component of claim 83 further
comprising a plurality of conductive interconnects and a

plurality of terminal contacts in an area array on the



the conductive interconnect conprises a wire. 80. The

sem conduct or conponent of claim 78 wherein the
woan@bue#29se i nt erconnect conprises a flex circBCE/US2006/017036

conductor on a polyner substrate. 81. The

sem conduct or conponent of ckaim 78 further conprising

a termnal contact on the second side in electrica
backsidecani edewtirticdie commlueicyeiont vieBnreet Fhdaudisive
i§€n1conductor conmponent of claim 78 further conprising

a %?%?%%??F%'Iayer in the substrate opening configured

to insulate the conductive interconnect fromthe

seniggnductor substrate. 83. A sem conductor conponent

conp? ¥ si niPe aSEBAFEBANGEPEr CompoReate Ofagilagma 83 mhentein
t15é deondudetksi j r LECULt d

substrate contgﬁ%eéﬂo?ﬂ%@giéé %fiéﬁeéi%egﬁe% ??C%?lder.

communi cation with the integrated circuit; and a

con ti Viend N he_sem conductor. syhstrate

com gL ne NSEReOBRREL L8N LABRBRRRETRE Fadual o Hperein
thae sesstcanducanmct subsdtmatér econgt £Xedi r @i tthinned
sgghduct or or a sol der bunp having a bonded connecti on

on € substrate contact. 84. The semnm conduct or

conponent of claim83 further conprising a term na

contact on the backside in electrical conmunicati on

wi t 17 The & GfIHRGIRAG R IRt @EIPITHRing:
sem£LogscEOhdGerBeN UL A r £l A Hé§gr§%urat I@fr&?@éé%{igg a

a dielectric encapsulant in the su rate openrin
backstdear anaimyegiedesl| @i ragit heanisubst@ttdheontact on

Benke t Of ; e :l.aihm 83 t her .conprisin
1.: a secggg@e%%@%%ﬂo&%%%%%&e ngnmwéllégﬁilggnﬁébr tne
iRt ebed IHviqwite, seguhdacsustraeei Mpscbngedrom the

bm% Ll:% tlﬂlee Ssl‘iﬁasst trraaEtGe Ccoonr}taé:ctﬁ ; and

a flex circuit on the backside comprising a polymer

substrate and a flex circuit conductor on the polymer
substrate having a bonded connection with the substrate
contact; and

a terminal contact on the polymer substrate in

electrical communication with the flex circuit conductor.

91. The semiconductor component of claim 90 wherein
the bonded connection comprises a first bump on the
substrate contact and a second bump bonding the flex

circuit conductor to the first bump.

92. The semiconductor component of claim 90 wherein
the bonded connection comprises a conductive polymer
layer between the flex circuit conductor and the

substrate contact.



87. The sem conduct or conponent of claim 83 further
conprising a plurality of conductive interconnects and

wea ploteadosty of term nal contacts in an area aPCayS26/017036
t hebackside in electrical conmunication with the
conductive interconnects . 8§ The sem conduct or
conponent of claim 83 wherein the conductive
i nt egToONNERE §QﬁDébﬁdﬁCﬂob¢eé‘3meBﬁ§n§ob@e'b:lag.%h 9lN&/herein
se2$conductor conponent of claim 83 wherein the

tRR P eRRE cEOPNREBLPT aF BB EADEE s 8s WATEh Pandeds wister die the

oﬁ@hifgséﬁkéﬁagﬂetQEO&Q@%@“%Hbé%?E“éSéI '%?Eetoathe flex

sem conductor substrate having a circu
CHHRUSE qROndCcEof egrated circuit, a substrate contact
on the circuit side in electrical conmmunication wth
the integrated circuit, and a substrate opening from
t he YacksThie semibendubsoratemponeatt pfapdadnf 98X wherein

5% Bbhed) ol O, SRC Y ooR B Ao LahothR bond

béiaweay ahowndadxconbectiien vbhdubbersusd r athe ceibatkate
and term nal contact on the pol yner substrate in
c%§£ﬂ§%1caJ communi cation with the flex circuit
conductor. 91. The sem conductor conponent of claim90
wherei n the bonded connection conprises a first bunp
on the subRe rsgmicerdaetornndonrerenhdobunpaimndionyherein

e I Ui n . t TSt . The ..
tﬂsée mf%%%dgg;rtg ru q%o%}p%ﬁ enjfg%? gﬁaiar%h%ﬁ l\%leé gTr)le‘—f“ngf hgo%r’f&@ﬁ ed
teoatsaciontbenpobysen corbhictave pad yoke |semiconductor
sdﬁ§é¥§%&the flex circuit conductor and the substrate
contact.™©3. The seniconductor conponent of claim90
wherei n the bonded connection conprises a wire bonded

mﬁr%érwt e o emrg%ixtendin fromthe substrate )
contact t0'F MEPTHENTHTERF t CoBpeRRRbrof claim 90 wherein

the bonded connection comprises a stud bump bonding the

flex circuit conductor to the substrate contact.

97. The semiconductor component of claim 90 wherein
the polymer substrate includes an opening aligned with
the substrate contact configured to provide access for a

bonding tool.

98. The semiconductor component of claim 90 wherein
the flex circuit conductor is on an inside surface of the
polymer substrate and the terminal contact is on an

outside surface of the polymer substrate.
99. The semiconductor component of claim 90 wherein
the flex circuit conductor and the terminal contact are

on an outside surface of the polymer substrate.

100. A semiconductor component comprising:



94. The sem conduct or conponent of claim90 wherein

t he bonded connection conprises a single point TAB
woans/bevdeen the flex circuit conductor and t RET/US2006/017036

substrate contact. 95. The sem conductor conponent of

claim90 wherein the flex cisguit conprises an

adhesi ve | ayer configured to attach the pol yner

subsa r aemitondue toan ousiticd s Babshgate. cfbcuTbeside, a
bse]g1 cgnductor. cor%ggegé of claim90 wherein the bonded

QORRELE T o orbTT FeRted sELHCBAED BoridiRRiti#eef FeRtact on
tiger @didcwondeader wothheysubaheat esepPhast i 718 rical

sem conduct or conponent of claim90 wherejn the
COBIYREC kAR r alé tibnclties irtepeaited aldighediwit hamee a
seyPsLRake &ﬁ%‘ﬁﬁﬁ CORdh 9hed kde gc
bondi ng tool. 98? The se#&%bn%gggggﬁgoﬁggngﬁ§§O%E%F%ﬁ%te
Copcagier eatdthe flex circuit conductor is on an inside
surfac ] yner .substrate. and the_term nal
cont%c?l(?;s( %Eggﬁglgu@ J’Znesiﬁr?% sel% ?é@pﬁ?ffﬂ‘gr a polymer
suhdsrabee. 299 dhé leenmciondiict ocondupenentordf théaip®1Yher
s §ﬁ§iqajhe flex circuit conductor and the term na
Shtattare on an outside surface of the pol ymer

subsd r aomp 1kt AagigRisd@rduTs 9ErC UPOAERLn§OMHd Shbdyaher
Saem’conductor substrate having a circuit side, a

Wﬁﬁ?ﬁxtQHF??nQiﬁ%ﬁ%Qﬁbircuit, a substrate contact

on tdecshdedtivel dRe8rEOnABCENBAT tAM! batksile comprising
el ectrical comunication with the integrate circut,
a prndedusenpractiopedinngte ciuhstrate kepering between the

£ BAPstIiaL 8, £ON u@g- 2 J £X L il CHj n the:backside
conprfg%ndfg poqﬁﬁ%r subsr#gtggean%ﬁéeglé%u ??%ﬁit°£j'the
suagkiatercantadie; pohdner substrate; a conpliant

adheaS| \é%r]n?j}/nea{l atctoar%]écpig tohne @?'lleyngrolymer substrate in

electrical communication with the flex circuit conductor.

101. The semiconductor component of claim 100
wherein the bonded connection comprises a wire in the
substrate opening bonded to the flex circuit conductor

and to the inner surface of the substrate contact.

102. The semiconductor component of claim 100
wherein the bonded connection comprises a single point
TAB bond in the opening between the wire and the inner

surface of the substrate contact.

103. The semiconductor component of claim 100
wherein the bonded connection comprises a first bump in
the opening on the inner surface and a second bump

bonding the flex circuit conductor to the second bump.



substrate to the backsi de; a conductive interconnect

on the backsi de conprising a bonded connection in the
weubsitizeave openi ng between the flex circuit coRAUAIS2I06/017036

and the inner surface of the substrate contact; and a

term nal contact on the pol yggr substrate in
el ectrical comrunication with the flex circuit

condu@dor. Ile Eemizidesdyet dompspenentodf £1M 100
in thgﬁgonded connection conprises a wire in

whREe L L RE AP ERsa e EERa80 COMPHE SRe Rt IahRe one Stud

be@pductor and to the inner surface of the substrate
contact. 102. The sem conductor conponent of claim 100
wherei n the bonded connection conprises a single point

TAB pesd inqthe Qpeanidy, Aetisen é&%@ﬁéﬁﬁzn&t e dRer oo

surface of the substrate contact
Wh@ﬁ?é@mﬂmeoﬁlﬁmpmmxmuxi dandndﬂ@rwmnéimﬂdmterminal

nect | ri.s t bu n the
R S R A R (R R
the flex circuit conductor to the second bunp. 104. The
sem duct conponent cl aim 100 wherein the
bondgﬁ onng{]:"t m% ‘ﬁ"b%%? |GARROBPREStE Kilpim 100
WH.Q5e1iEhet1$@mmﬁuﬁlﬁc@mmu@éoﬁ| afa 1@@1éﬂhﬁé§hﬂnal
the flex circuit conductor and the term nal contact

CARAGh FHIRR Ry SRWRSHIC 1R Her PRIVERD ST g bralles.
The sem conduct or conponent of claim 100 wherein the
flex circuit conductor and the termnal contact are on
a sat’ si e sAMicRNGE Yo rcoupient ecom7is fng:
sem gopduchor s cgaponent | 9 afirst substrat
havi ng a!%lrs? gg at % sggggég E% Fifsdipgifire @ Second
sidei act enbshedtiea stcoenmha:t awah ataebsfiﬁ‘se oPEAENT and a

e fromthe second side to the substrate
sé@%}éﬁkggopenlng eﬁ% ing from the second side to the
substrate contact;

a conductive interconnect on the first substrate
comprising a bonded connection on the substrate contact;
and

a second substrate attached to the first substrate

having a contact bonded to the conductive interconnect.

108. The semiconductor component of claim 107
wherein the conductive interconnect comprises a wire

bonded wire.

109. The semiconductor component of claim 107
wherein the conductive interconnect comprises a TAB

bonded flex circuit conductors.

110. The semiconductor component of claim 107
wherein the conductive interconnect comprises a metal or

polymer bump bonded to the contact.



a conductive interconnect on the first substrate

conprising a bonded connection on the substrate
woanmicae#z9sand a second substrate attached to tReTfiSE®E/017036

substrate having a contact bonded to the conductive

I nterconnect. 108. The sem cgpductor conponent of

cl aim 107 wherein the conductive interconnect

conprises a wire bonded wire. 109. The sem conduct or

conpgggnt of .claim 107 erein the conductive .

i nt ef tdnnect FonSFIeSOA YRR orPPReRtci9Euialaim 107

whengiis ohe. cddlucThoesenteopauaber cofpeaset of i Bump
erein the conductive interconnec conprises a

10
b%‘{% o Hef yFiRRteREp bonded to the contact.111. The

sem conduct or conponent of claim 107 wherein the

conducti ve interconnect conprises a stud bunp bonded

to thk2eont F&e semictnslwendcomthmporesbnpoherdlafm 107

' 07. erei ductive_interconnect \

w%%%g;réestfggco%&%célpggigo yrﬁe?tﬁﬁﬁaéﬁl%%gt hECTBH LEES @
cdri@ic e spmi oo Undmded ot oftedntcofitad@) m 107 wherein

the second substrate conprises a second conductive

i nt erconnect bonded to the conductive interconnect

114.1The seheondeniiebneiBaenicdifpshdn W7 Wiergin1o7
the first substrate conprises an inage sensor

VRRhELBnddt®r £8RPASentSuUbstLatehe c@nPEdSGSCt @ second
ceRdnerarie ofi gl akBolhenber g St e kg, -
. Is configured to!rpr oviedéé\bacggggte?g t he sﬁgtgtrgfogr%ugtlve
1IHSRERANEG- forning the conductive interconnect. 116.
The sem conduct or conponent of claim 107 further
conprising a dielectric underfill |ayer between
114. The semiconductor component of claim 107

wherein the first substrate comprises an image sensor

semiconductor component.

115. The semiconductor component of claim 107
wherein the substrate opening is configured to provide
access to the substrate contact for forming the

conductive interconnect.

lile. The semiconductor component of claim 107
further comprising a dielectric underfill layer between

the first substrate and the second substrate.

117. The semiconductor component of claim 107
wherein the conductive interconnect comprises a wire
bonded wire and the contact comprises a plated opening

configured to receive the wire.



the first substrate and the second substrate. 117. The

sem conduct or conponent of claim 107 wherein the
woanue#29se i nt erconnect conprises a wire bondedTmiSeme/017036

and the contact conprises a plated opening configured

to receive the wire.118. Theggem conduct or conponent

of claim 107 wherein the second substrate conprises a

termpgl co t g ion_wW

cont actg 11?@ segltle%m ?8% ﬁ%gﬁgseﬂrco 107
Wl&%ﬁ%bﬂeﬁ?%éﬁﬁppgl ﬁl;}bsareém @@n@@rets@rs @bﬁmtaltrmlhammct
ina élestrit4e, c@mﬁ@ﬁﬂ@éﬂtﬁbﬁewlehseﬂ?étééﬁ&a&gm act on

the first side having an inner surface

substrate opening extending fromthe second side to

the thier st f B¥€eandEarbohabricesnem eonfegiretdurtor

ént tiygpgnterconnect to the inner surface of
the substrate contact. 120. The system of claim 119
wher&j ﬁeﬂﬁ@mmrveuhﬂte:mmavlnqnml fdssx Wsfige, a

h ndL n c ises a ndi n
SO 5180 s 1 B EE ST BB PSR P the) AlRareideniaving
axohoveri serrfaber,c:@lmrdecat DUPPE T H0S GpéheXgCekednliing from
conducto an ondj ng system conpri ses a tape

thet%%%?fé B %IY\% o1 inaes surkacsstad of claim 119
V\,heraal ol nepngys e ddﬁﬁi@@ﬁ@&cttdmﬁahaseé goﬁ%‘é%lve

filling the substrate opening and t bon
i JE/% ERPESTHr | §8s Bheol dBpedi spuniprg n@éha’nhsm suBStrate
coteasystem of claim 119 wherein the conductive
i nterconnect conprises a solder bunp and the bondi ng
system conprises a bunp tenplate. 124 The system of
cI ai 19 r 0 te es a
aotle h%@?n‘g& ljFurgl {‘J?y %fgg §eé d &° Bndi®ive
lrm%lpetnsnagtnmmprsaesorﬂl gired andfidile t Bonedtd | 8§stem

co‘%ﬁﬂs%s! eac“/ﬂf o&lng ‘capillary.

121. The system of claim 119 wherein the conductive
interconnect comprises a flex circuit conductor and the

bonding system comprises a tape automated bonding tool.

122. The system of claim 119 wherein the conductive
interconnect comprises a solder bump £filling the
substrate opening and the bonding system comprises a

solder dispensing mechanism.

123. The system of claim 119 wherein the conductive
interconnect comprises a solder bump and the bonding

system comprises a bump template.

124. The system of claim 119 wherein the bonding

system comprises a bump template having a plurality of



125. The system of claim 119 wherein the conductive

i nterconnect conprises a solder ball and the bonding
weystcam®enpri ses a | aser sol der ball bunper. pe®/USTI6/017036

system of claim 119 further conprising an etching

system configured to etch thg3 sem conductor substrate

fromthe second side. 12 7 . The systemof claim 126
caneteen tngl et cHispenpsimemmenpansisn TorERciuNEedi €8 £ill

C .. 128. The syste f claim 126 wherein the

té%cé%%%ﬁ%@%t%ﬁ#@oﬂpf?% sg%e%aﬁ dht ai ning a wet

etchant and a Bernoulli holder configured to hold the

sen1€§$ductor substrate in the wet etchant. 12 9 . The
systefm of tPSi A¥IEEMWAEr ELALMNE 18t WA igy fhemconductive

iCO8PEOEASCR b@éﬁp?@@b%iPén%ﬁéxﬂﬁ§_55§gan£n3nq: Vﬁ%#ngg

hol der confjgured to hold the sem conductor substra
SYFHEMeCAMRT L3P amt 1 ag®0. sakde s yisa bln iimpdai m 119

further conprising a thinning systemconfigured to

thin the sem conductor substrate fromthe second side.

131.126 sysThen Bystleabrfcatliaion al 5#nfeotdeet @bmprising an

en ri sing. a sem conductor substrate havin
o COTRARP Sy SEIR, SoBTiqtRi €8 cebeh! 890 ArmbcopAuctor
suldet fatrest £ omlet havsengoradh didees surface, and a

substrate openi ng extending fromthe second side to
the inner surface; anda di spensing system configured

to dizpensene sofdesmablEoy1ip 1he %%‘Fél%tﬁ’h%o(e@c?ling
conductive jnterconnect bonded to the inner surface.
SYSELM HRIMREAS @S LA el 3omryaiar  he di spensi ng
system conpri ses a nechani smconfigured to di spense
the solder alloy directly into the opening and to
pl and8 ze Mhe syseemabfoyldinh 126 steaedrsitiee 233hing

sys¥enYSbAPLtes A MAdd WISLE:NE & SR Y Want and a
Bernoulli holder configured to hold the semiconductor

substrate in the wet etchant.

129. The system of claim 126 wherein the etching
system comprises a bath containing a wet etchant and a
vacuum holder configured to hold the semiconductor

substrate in the wet etchant.

130. The system of claim 119 further comprising a
thinning system configured to thin the semiconductor

substrate from the second side.

131. A system for fabricating a semiconductor
component comprising:

a semiconductor substrate having a first side, a
second side, a substrate contact on the first side having
an inner surface, and a substrate opening extending from

the second side to the inner surface; and



system i ncludes a bunp tenplate configured to transfer

the solder alloy into the opening. 133. The system of
wobheierm4®3 wherein the sol der conprises a | eadPETAIS2006/017036

sol der. 134. A systemfor fabricating a sem conductor

conmponent conprising: a sem épnductor substrate having

a circuit side, a backside, and a substrate contact on

the @i déapenside sasitegn aronfinprredrtacdisasnekchi plder

; i d _t. tch th ' duct, ubstrat
SIS} TEBTLLAVGAG 100 I0E, e Sopicor sibate

bomded sortleeinaed subbackng system configured to form
and bond a conductive interconnect to the inner
surface of the substrate contact. 135. The system of

cl ai 13234 pher sy8tbheckopdibng 3%t GMeTRIRY 3RS éﬂ#éﬁsiug
and a bonding capillary configured to wire bond tfre
SY# F@mt GOTRE 1SRFera she¢herismigonfigugest e ofliepanse the

sdBdephgneny tdie : .nﬂnﬁgskﬁ@‘ﬁ iﬁfsa dfkgfﬁganarize

circuit having a Ccl rcui tconductor”and a ta

theitepdder dblrel ngl sy stizen sesdadusidet o bond the flex
circuit conductor to the inner surface. 137. The
system of claim 134 wherein the etching system
conpt3des Bheespstem obnckhihel3lladerdie Ihe IsPensing
im 134 erein the etchi %g%sten1conprises a

I
Séﬁﬁ%ﬁuﬁpflﬁ CFer? c BHIP WP of @NERGULE]d cBpdicesster

tisaIbsd Tde XLy Wit @tehaniperd3®y. The system of claim
134 wherein the etching systemconprises a vacuum
hol der configured to hold the sem conductor substrate

in thes vet @{LhaPbeeddQr ThESHSIRM ogrhglr%ii'ﬂ - 4%esolder

wherein the etching system conprises seal "o
CUEN e e tlad ubsre Aeldsnd i gured to seal the circuit
side fromthe wet etchant.

134. A system for fabricating a semiconductor
component comprising:

a semiconductor substrate having a circuit side, a
backside, and a substrate contact on the circuit side
having an inner surface;

an etching system configured +to etch the
semiconductor substrate from the backside to form a
substrate opening to the inner surface; and

a bonding system configured to form and bond a
conductive interconnect to the inner surface of the

substrate contact.

135. The system of claim 134 wherein the bonding
system comprises a wire and a bonding capillary

configured to wire bond the wire to the inner surface.

136. The system of claim 134 wherein the bonding

system comprises a flex circuit having a flex circuit



141. The system of claim 134 wherein the sem conductor

substrate is contained on a sem conductor wafer. 142.
woheoesge9em of claim 134 further conprising a Parms2me017036

system configured to thin the sem conductor substrate

fromthe backside. 143. The eystem of claim 134

wherein the thinning system conprises a chem ca
copdiahPtahngl andepeatdwromsisd@nboiding Togssyat @¥8nHiqured

l.ai i 0. . sem conductor substrate
t‘go’?}%’ﬁqi i‘g@e \g@gée}?ri %%fnéc}%%’?ow Wi éﬁ?neim%%? afwptace.
circuit in electrical comunication with the substrate

t . 145, Th tem of claim 134 wherein the .
ggﬂdﬁgg‘sy %%S $¢s@§zf%ﬂ%%eﬁ§ﬂn&hﬁ§ﬁ%ﬁn§hﬁ etching

sEOrdm gremsl i Se gl § PessEL By S0l Glere@hdy, i nto the
substrate opening and to planarize the solder alloy to

the second side. 146. The system of claim 134 wherein

the pomdi nery sd a1 EANBK byaR LEMALE 1o eteni
configured to transfer a so dg? a??oy lnf%lfhe € etching
SYSiERM r SOBPsESsisn@ Bernoulli holder configured to hold

the semiconductor substrate in a wet etchant.

139. The system of claim 134 wherein the etching
system comprises a vacuum holder configured to hold the

semiconductor substrate in the wet etchant.

140. The system of claim 134 wherein the etching
system comprises a seal on the semiconductor substrate

configured to seal the circuit side from the wet etchant.

141. The system of claim 134 wherein the
semiconductor substrate is contained on a semiconductor

wafer.

142. The system of claim 134 further comprising a
thinning system configured to thin the semiconductor

substrate from the backside.

143. The system of claim 134 wherein the thinning
system comprises a chemical mechanical planarization

system.

144, The system of c¢laim 134 wherein the
semiconductor substrate comprises a semiconductor die
having an integrated circuit in electrical communication

with the substrate contact.
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145. The system of claim 134 wherein the bonding
system comprises a dispensing mechanism configured to
dispense a solder alloy into the substrate opening and to

planarize the solder alloy to the second side.

l46. The system of claim 134 wherein the bonding
system comprises a bump template configured to transfer a

solder alloy into the substrate opening.



