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MICROELECTRONIC IMAGERS AND METHODS OF PACKAGING
MICROELECTRONIC IMAGERS TECHNICAL FIELD The following
disclosure relates generally to microelectronic devices and methods  5 for
packaging microelectronic devices. Several aspects of the present
invention are  directed toward packaging microelectronic imagers that are
responsive to radiation in  the visible light spectrum or radiation in other
spectrums. BACKGROUND  Microelectronic imagers are used in digital
cameras, wireless devices with picture  is capabilities, and many other
applications. Cell phones and Personal Digital Assistants (PDAs), for
example, are incorporating microelectronic imagers for capturing and
sending pictures. The growth rate of microelectronic imagers has been
steadily  increasing as they become smaller and produce better images
with higher pixel counts. Microelectronic imagers include image sensors
that use Charged Coupled Device  15 (CCD) systems, Complementary
Metal-Oxide Semiconductor (CMOS) systems, or other  systems. CCD
image sensors have been widely used in digital cameras and other
applications. CMOS image sensors are also quickly becoming very
popular because  they are expected to have low production costs, high
yields, and small sizes. CMOS  image sensors can provide these
advantages because they are manufactured using 20 technology and
equipment developed for fabricating semiconductor devices. CMOS
image sensors, as well as CCD image sensors, are accordingly
"packaged" to protect  the delicate components and to provide external
electrical contacts. Figure 1 is a schematic view of a conventional
microelectronic imager 1 with a  conventional package. The imager 1
includes a die 10, an interposer substrate 20  25 attached to the die 10,
and a housing 30 attached to the interposer substrate 20. The housing 30
surrounds the periphery of the die 10 and has an opening 32. The imager
1  also includes a transparent cover 40 over the die 10. The die 10
includes an image sensor 12 and a plurality of bond-pads 14  electrically
coupled to the image sensor 12. The interposer substrate 20 is typically a
30 dielectric fixture having a plurality of bond.-pads 22, a plurality of
ball-pads 24, and [10929-8148-W00013L042350.0021 -- 1 - 9-Nov-04 WO
2006/011897 PC1'/US2004/037415 traces 26 electrically coupling
bond-pads 22 to corresponding ball-pads 24, The ball- 



pads 24 are arranged in an array for surface mounting the imager 1 to a
board or  module of another device. The bond-pads 14 on the die 10 are
electrically coupled to  the bond-pads 22 on the interposer substrate 20 by
wire-bonds 28 to provide electrical  5 pathways between the bond-pads 14
and the ball-pads 24. The imager 1 shown in Figure 1 also has an optics
unit including a support 50  attached to the housing 30 and a barrel 60
adjustably attached to the support 50. The  support 50 can include internal
threads 52, and the barrel 60 can include external  threads 62 engaged
with the threads 52. The optics unit also includes a lens 70 carried  10 by
the barrel 60, One problem with packaging conventional microelectronic
imagers is that they  have relatively large footprints and occupy a
significant amount of vertical space (i.e.,  high profiles). The footprint of
the imager in Figure 1 is the surface area of the bottom  of the interposer
substrate 20. This is typically much larger than the surface area of the 15
die 10 and can be a limiting factor in the design and marketability of
picture cell phones  or PDAs because these devices are continually
shrinking to be more portable.  Therefore, there is a need to provide
microelectronic imagers with smaller footprints and  lower profiles.
Another problem with packaging conventional microelectronic imagers is
the  20 manufacturing costs for packaging the dies. Forming the wire
bonds 28, for example, in  the imager 1 shown in Figure 1 can be complex
and/or expensive because it requires  individual wires between each set of
bond-pads and ball-pads. In addition, it may not  be feasible to form
wire-bonds for the high-density, fine-pitch arrays of some high-
performance devices. Therefore, there is a significant need to enhance
the efficiency,  25 reliability, and precision of packaging microelectronic
imagers. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a
cross-sectional view of a packaged microelectronic imager in  accordance
with the prior art. Figure 2 is a side cross-sectional view schematically
illustrating a microelectronic  30 imaging die in accordance with an
embodiment of the invention. Figures 3A-3,1 are schematic side
cross-sectional views illustrating various stages  in a method of forming an
electrically conductive interconnect through a microelectronic
110829-6746-WO00/SL042350.0021 -2- 9-Nov-04 WWO 2006/011897
1'C PIU32004/037415 imaging are for providinga backside array or
ball-pads in accordance with an  



embodiment of the invention. Figures 4A-4F are schematic side
cross-sectional views illustrating various  stages in a method of forming an
electrically conductive interconnect through a  s microelectronic imaging
die for providing a backside array of ball-pads in accordance  with another
embodiment of the invention. Figures 5A and 5B are schematic side
cross-sectional views illustrating various  stages in a method of forming an
electrically conductive interconnect through a  microelectronic imaging die
for providing a backside array of ball-pads in accordance  10 with another
embodiment of the invention. Figure 6 is a schematic side cross-sectional
view of an assembly including a  microelectronic imager workpiece having
a plurality of imaging dies and an optics  workplace having a plurality of
optics units in accordance with an embodiment of the  invention. 15
DETAILED DESCRIPTION  A. Overview The following disclosure
describes several embodiments of microelectronic  imagers, methods for
packaging microelectronic imagers, and methods for forming  electrically
conductive interconnects in microelectronic imagers. One particular 20
embodiment of the invention is directed toward a microelectronic imaging
die  comprising a microelectronic substrate, an integrated circuit, and an
image sensor  electrically coupled to the integrated circuit. The imaging
die further includes an  electrical terminal (e.g., bond-pad) electrically
coupled to the integrated circuit and an  electrically conductive
through-wafer interconnect extending through at least a portion of 25 the
substrate. One end of the interconnect contacts the bond-pad, and the
other end of  the interconnect can contact a ball-pad on the backside of
the die. Another particular embodiment of the invention is directed toward
a method for  manufacturing a microelectronic imaging die. The method
can include providing a  microelectronic substrate having an integrated
circuit and an image sensor electrically 30 coupled to the integrated
circuit, forming a bond-pad on the substrate, and electrically  coupling the
bond-pad to the integrated circuit. The method can further include forming
a passage through the die and the bond-pad, and constructing an
electrically conductive  through-wafer interconnect in at least a portion of
the passage so that the interconnect 110829-8748-W000/8L042350.0021
-3 9-Nov-04 WU 2006/011897 PC,T/US2004/03741S  



contacts the Dona-pad. Ins interconnect can be constructed by depositing
an  electrically conductive fill material into at least a portion of the
passage. One embodiment. of a method for constructing the interconnect
includes cleaning  the passage through the die and applying a dielectric
liner to at least a portion of the  5 passage before depositing the
electrically conductive fill material into the passage. The dielectric liner
electrically insulates the other components in the substrate from the
electrically conductive material filling the passage. This method can
further include  depositing a conductive layer into at least a portion of the
passage, and depositing a  wetting agent over at least a portion of the
conductive layer. The electrically conductive  to fill material can then be
deposited into the passage. Many specific details of the present invention
are described below with reference  to microfeature workpieces. The term
"microfeature workpiece" as used throughout this  disclosure includes
substrates upon which and/or in which microelectronic devices,
micromechanical devices, data storage elements, read/write components,
and other r5 features are fabricated. For example, such microfeature
workpieces can include  semiconductor wafers (e.g., silicon or gallium
arsenide wafers), glass substrates,  insulated substrates, and many other
types of substrates. The feature sizes in  microfeature workpieces can be
0.11 pm or less, but the workpieces can have larger  submicron and
supra-micron features, 20 Specific details of several embodiments of the
invention are described below with  reference to microelectronic imager
dies and other microelectronic devices in order to  provide a thorough
understanding of such embodiments. Other details describing well- known
structures often associated with microelectronic devices are not set forth
in the  following description to avoid unnecessarily obscuring the
description of the various 25 embodiments. Persons of ordinary skill in the
art will understand, however, that the  invention may have other
embodiments with additional elements or without several of  the elements
shown and described below with reference to Figures 2-6. In the Figures,
identical reference numbers identify identical or at least generally  similar
elements. To facilitate the discussion of any particular element, the most
30 significant digit or digits of any reference number refer to the Figure in
which that element is first introduced, For example, element 210 is first
introduced and discussed  with reference to Figure 2.
,10629-8748-W000/5L042350.002 -4- 9-Nov-04 WO 2006/011597
PCC/U52004/037415  



B. Microelectronic Imaging Dies With Through-Wafer Interconnects Figure
2 is a side cross-sectional view of a microelectronic imaging die 200 for
use in a microelectronic imager in accordance with one embodiment of the
invention. In  this embodiment, the microelectronic imaging die 200
includes a substrate 210 having a 5 first side 241, a second side 242
opposite the first side 241, integrated circuitry (IC) 230  within the
substrate 210, and an image sensor 212 electrically coupled to the IC 230.
The image sensor 212 can be a CMOS device or a CCD for capturing
pictures or other  images in the visible spectrum. In other embodiments,
the image sensor 212 can detect  radiation in other spectrums (e.g., IR or
UV ranges). 10 The imaging die 200 further includes a plurality of external
contacts 220 for  carrying electrical signals. Each external contact 220, for
example, can include a bond- pad 222, a ball-pad 224, and an electrically
conductive through-wafer interconnect 226  electrically coupling the
bond-pad 222 to the ball-pad 224. The external contacts 220  shown in
Figure 2 accordingly provide an array of ball-pads 224 within the footprint
of r,s the imaging die 200. The ball-pads 224 can be connected to other
external devices  such that the imaging die 200 does not need an
interposing substrate to be installed on  a circuit board. One advantage of
using through-wafer interconnects 226 to electrically couple  the
bond-pads 222 to the ball-pads 224 is that this eliminates the need for
mounting the  20 imaging die 200 to a separate, larger interposer
substrate. The imaging die 200, which has a significantly smaller footprint
and profile than the interposer substrate of the  conventional device
shown in Figure 1, can define the final footprint of the packaged  imager.
Accordingly, the imaging die 200 can be used in smaller electronic
devices.  Furthermore, the imaging die 200 also eliminates having to
wire-bond the bond-pads to 25 external contacts. This is useful because
wire-bonds tend to break and are difficult to  fabricate on high-density
arrays. Accordingly, the microelectronic imaging die 200 with  the
through-wafer interconnects 226 is more robust than dies that require
wire-bonds. In the embodiment illustrated in Figure 2, the processing of
the imaging die 200  has been completed, As described below, Figures
3A-56 illustrate various  30 embodiments of methods for forming
electrically conductive through-wafer interconnects in the imaging die 200.
Although the following description illustrates forming one  interconnect, it
will be appreciated that a plurality of interconnects are constructed
simultaneously through a plurality of imaging dies on a wafer,
[10829-6748-W000/SL042350.002J -5- 9-Nov-04 



WO 2006/011897 1'CTIUS2004/03741 S  Figures 3A-3J schematically
illustrate various stages in a method of forming the through-wafer
interconnect 226 in the imaging die 200 in accordance with an
embodiment of the invention. Figure 3A, more specifically, is a schematic
side cross- sectional view of the area 3A shown on Figure 2. In this
embodiment, a first dielectric 5 layer 350 is applied to the first side 241 of
the substrate 210, and a second dielectric  layer 351 is applied over the
first dielectric layer 350. A portion of the second dielectric  layer 351 over
the bond-pad 222 is removed by etching or another known process to
expose the bond-pad 222. After exposing the bond-pad 222, a first hole
360 is formed  through the bond-pad 222. The first hole 360 can be
formed by etching the center of 10 the bond-pad 222, but in other
embodiments the first hole 360 can be formed using  other suitable
methods (e.g., laser). Referring now to Figure 313, a third dielectric layer
352 is applied over the imaging  die 200 to cover the bond-pad 222 and fill
the first hole 360. In one embodiment the  first, second, and third dielectric
layers 350, 351, 352 are a polyimide material, but these 15 dielectric
layers can be other nonconductive materials in other embodiments. For
example, the first dielectric layer 350 and/or one or more subsequent
dielectric layers  can be a low temperature chemical vapor deposition (low
temperature CVD) material,  such as tetraethylorthosilicate (TEOS),
parylene, silicon nitride (Si3N4), silicon oxide  (SiO2), and/or other
suitable materials. The foregoing list of dielectric materials is not 2e
exhaustive. The dielectric layers 350, 351, 352 are not generally
composed of the  same materials as each other, but it is possible that two
or more of these layers are  composed of the same material. In addition,
one or more of the layers described above  with reference to Figures 3A
and 313, or described below with reference to subsequent  figures, may
be omitted. 25 Figures 3C-3J are schematic side cross-sectional views
similar to Figures 3A and  3B showing the imaging die 200 in subsequent
stages of forming the through-wafer  interconnect. Figure 3C, for example,
is a schematic side cross-sectional view of the  imaging die 200 after a
second hole 362 has been formed through the third dielectric  layer 352.
The second hole 362 is formed by removing a portion of the third dielectric
30 layer 352 to open the first hole 360 and expose the bond-pad 222. The
second hole  362 can be formed by etching or by other suitable methods
known to those of skill in the  semiconductor processing art. Figure 3C
further illustrates cuffing a passage or through-hole 361 through the  



substrate 210. The through-hole 361 extends through the substrate 210 to
the first hole 110629-6748-W 000;SL042350.002 -6- 9-Nov-04 WO
2006/011897 PCT/US20 0 4/03 7 4 1 5  ........ ..... 360 in the bond-pad
222. For ease of reference, the through-hole 361 and the first hole  360
together form passage 374 extending through the imaging die 200 in the
embodiment shown in Figure 2. The through-hole 361 can be formed
using a laser 363  (shown schematically) to cut through the die 200 from
the second side 242 toward the 5 first side 241. In a different embodiment,
the laser 363 can conceivably cut from the  first side 241 toward the
second side 242. The laser 363 can be aligned with respect to  the
bond-pad 222 using scanning/alignment systems known in the art. In
other  embodiments, the through-hole 361 can be formed by suitable
etching processes if the  wafer is not too thick. 10 After forming the
through-hole 361, it is cleaned to remove ablated byproducts  (i.e., slag)
and/or other undesirable byproducts resulting from the laser cut. The
through-hole 361 can be cleaned using a wet-etch process. In the
embodiment shown  in Figure 3C, the cross-sectional dimension of the
through-hole 361 is less than the  cross-sectional dimension of the first
hole 360 in the bond-pad 222 so that the laser 363 15 does not impinge
against the bond-pad 222, This avoids producing slag of one material  in
the first note 360 through the bond-pad 222 and slag of a different
material in the  through-hole 361 through the substrate 210. This feature
allows a single cleaning  process/chemistry to clean the slag from the
through-hole 361 without having to use a  second cleaning process to
clean residue from the first hole 360. For example, cleaning 20 agents that
do not attack the metal of the bond-pad 222 can be used to clean slag
from  the through-hole 361. One. such cleaning agent may include 6%
tetramethylammonium  hydroxide (TMAH): propylene glycol for removing
laser ablated byproducts.  Alternatively, in certain other embodiments the
through-hole 361 is not cleaned after  formation. 25 Referring to Figure
3D, a fourth dielectric layer 353 is applied to the imaging die  200 to at
least cover the sidewall of the through-hole 361 in the substrate 210. The
fourth dielectric layer 353 can be applied using CVD, PVD, ALD or other
deposition  processes. In the illustrated embodiment the fourth dielectric
layer 353 is applied to the  entire imaging die 200 so that it covers the
exposed portions of the substrate 210, the 30 bond-pad 222, and the third
dielectric layer 352. The fourth dielectric layer 353 can be  



a low temperature CVD oxide, but in other embodiments the fourth
dielectric layer 353  can be other suitable dielectric materials. The fourth
dielectric layer 353 electrically  insulates the components of the substrate
210 from an interconnect that is subsequently  formed in the passage 374
as described in greater detail below. [16625-8748-W000/SL042350.002]
-7- 9-Nov-34 WO 2006/011897 PCTYUS2004/037419  After applying the
fourth dielectric layer 353, a first conductive layer 354 is deposited onto
the imaging the 200. In the illustrated embodiment, the first conductive
layer 354 covers the fourth dielectric layer 353. The first conductive layer
354 is  generally a metal layer, such as a TiN layer, but in other
embodiments the first 5 conductive layer 354 can be composed of TaN,
W, WN, Ta, Ti, Al, Cu, Ag, Au, Ni, Co  and/or other suitable materials
known to those of skill in the art. When the first  conductive layer 354 is
composed of TiN, it can be formed using TiCI4TiN and an atomic  layer
deposition (ALD) or chemical vapor deposition (CVD) process. As
explained  below, the first conductive layer 354 provides a material for
plating another layer of  10 metal onto only selected areas of the wafer
(e.g., in the through-hole 361). Referring next to Figure SE, portions of the
first conductive layer 354 are removed  from the horizontal and diagonal
surfaces of the imaging die 200. In one embodiment,  such portions of the
first conductive layer 354 are removed from these surfaces by a  suitable
etching process, such as a "dry etch" or "spacer etch" that preferentially
15 removes material at a higher etch rate from horizontal surfaces and
surfaces having  horizontal components relative to the direction of the
etchant. In other embodiments,  different processes can be used to
selectively remove non-vertical portions of the first  conductive layer 354
so that the vertical portions of the first conductive layer 354 on the
sidewalls in the holes 360 and 361 remain on the workpiece. 20 Referring
next to Figures 3F and 30, portions of the third dielectric layer 352 and
fourth dielectric layer 353 on horizontal and diagonal surfaces of the first
side 241 of the  imaging die 200 are removed, The portion of the fourth
dielectric layer 353 on the  second side 242 of the substrate 210 remains
on the imaging die 200 in this  embodiment, In one embodiment, the third
dielectric layer 352 and fourth dielectric 25 layer 353 can be removed from
the horizontal and diagonal surfaces of the imaging die  200 by a suitable
etching process, such as a dry etch or spacer etch as described  above.
Referring to Figure 3H, a second conductive layer 355 is applied to the
remaining  



portions of the first conductive layer 354 in the holes 360 and 361. The
second  30 conductive layer 355 can act as a wetting agent to facilitate
depositing metals into the passage 374. The second conductive layer 355
can be Ni that is deposited onto a first  conductive layer 354 composed of
TiN in an electroless plating operation, When the  Tire is activated by an
HF:Pd wet dip, it provides nucleation for the Ni during the plating  process.
The plating process may also be performed using an activationless Ni
[10829-8748-W000/5L042350,0021 $ 9-Nov-04 WO 2006/011897
PCT/1I52004/0374 15  chemistry with reduced stabilizer content. Fhe FiN
can enhance the adhesion and  electrical properties to induce nucleation.
In other embodiments, the passage 374 can  be coated with Cu, Au, or
other suitable materials using other methods, or one or more  of the first
and second conductive layers 354, 355 may be omitted. 5 Referring next
to Figure 31, a conductive fill material 358 is deposited into the  passage
374 to form an interconnect 377 extending through the imaging die 200. In
one aspect of this embodiment, the fill material 358 can be solder, copper,
or other  electrically conductive materials. Various processes can be used
to deposit the fill  material 358 into the passage 374. In one embodiment,
the fill material 358 can be to deposited into the passage 374 using a
solder wave process. In other embodiments,  the fill material 358 can be
deposited by electroplating, stenciling, placing a pre-formed  sphere of
metal fill in the passage 374 and melting the sphere, or injecting a
flowable  material into the passage 374. Alternatively, in still further
embodiments, the fill material  358 can be deposited into the passage 374
using other methods known to those of skill  15 in the art. Referring next to
Figure 3J, a cap 359 can be formed at one end of the  interconnect 377
after depositing the fill material 358 into the passage 374. The cap  359
electrically couples the interconnect 377 with the bond-pad 222. In one
embodiment, the cap 359 can be Ni electroplated onto the interconnect
377. In other 20 embodiments, the cap 359 can be a wetting agent and/or
other material. Alternatively,  the cap 359 can be a portion of the fill
material itself, or the cap 359 can be omitted. In  another aspect of this
embodiment, a solder ball 370 is attached to the interconnect 377  at the
second side 242 of the substrate 210 to provide an external connection to
other  electronic devices on the backside of the imaging die 200. 25 In
addition to requiring only a single cleaning process for the through-hole
361,  another feature of the embodiments described above with reference
to Figures 3A-3J is  



that the passage 374 extends through the entire imaging die 200. One
advantage of  this feature is that it makes the passage 374 easier to clean
and fill than would  otherwise be the case if the passage were "blind" (i.e.,
a passage that extends only 30 partially through the workplace). For
example, in certain applications where the  passage 374 has an aspect
ratio of 25-30:1 or greater, a blind passage is difficult to fill  with metallic
materials using known physical vapor deposition (PVD), ALD, or plating
processes. The passage 374 mitigates this problem because the open
through-hole is  not subject to "pinch-off," voids or other phenomena of
filling blind holes, 1'10829-9748-w00015L042350.0021 -9- 9-Nov.04 WO
2006/071897 PC1VIJ52004/037415  Figures 4A-41- illustrate stages in a
method of forming a through-wafer interconnect in an imaging die 200 in
accordance with another embodiment of the  invention, The initial stage of
this method is at least generally similar to the steps  described above with
reference to Figure 3A, and thus Figure 4A shows the workpiece 5
configuration illustrated in Figure 3A. The subsequent stages of this
method, however,  differ from those described above with reference to
Figures 3B-3F in that a third  dielectric layer is not applied over the second
dielectric layer 451 before cutting a  through-hole 461 through the
substrate 210. Therefore, referring first to Figure 4A, the  through-hole 461
is farmed through the substrate 210 without having a third dielectric )0
layer over the second dielectric layer 451. For ease of reference, the
passage formed  by the through-hole 461 and a first hole 460 through the
bond-pad 222 is referred to as  a via or passage 474 extending through
the imaging die 200. The through-hole 461 can  be formed using a laser
463 (shown schematically), etching, or other suitable processes  as
described above. 15 Figure 4B illustrates additional stages of this method
that are generally similar to  the steps described above with reference to
Figure 3D. In a further aspect of this  embodiment, however, after cleaning
the through-hole 461, a third dielectric layer 453 is  deposited onto the
imaging die 200 to cover the sidewall of the through-hole 461 within  the
substrate 210. In practice, the third dielectric layer 453 generally covers
the bond 20 pad 222 and the second dielectric layer 451 in addition to the
exposed portion of the  substrate 210 in the through-hole 461. After
forming the third dielectric layer 453, a first conductive layer 454 is
deposited onto the imaging die 200. In the illustrated embodiment, the first
conductive  layer 454 covers the entire third dielectric layer 453. As
explained above, the first 



25 conductive layer 454 can be a TIN layer, but the first conductive layer
454 can be a  different material. Referring next to Figure 4C, a portion of
the first conductive layer 454 is removed  from the horizontal and diagonal
surfaces of the imaging die 200. The first conductive  layer 454 can be
removed from these surfaces by a spacer etch or other process 30
described above with respect to Figure 3E. Referring to Figure 4D, the
portions of the  third dielectric layer 453 on the upper horizontal and
diagonal surfaces of the imaging  die 200 are then removed to leave
portions of the third dielectric layer 453 in the  passageway 474 and on
the second side 242 of the substrate 210. The portions of the  third
dielectric layer 453 on the upper horizontal and diagonal surfaces of the
imaging (1 U829-8748-W000ISL042350.002) -10- 9-Nov-04 WO
2006/011897 PCIYLS2004/037415 oie zuu can oe removed by anoiner
spacer etcn. i ne spacer etcn of the third dielectric  layer 453 should be
terminated before etching through the second dielectric layer 451.
Referring to Figure 4E, a second conductive layer 455 is then deposited
onto the first conductive layer 454. The second conductive layer 455 can
be a wetting agent to  5 facilitate filling the passage 474 with a conductive
material. The second conductive  layer 455 can be generally similar to the
second conductive layer 355 described above  with respect to Figure 3H.
Referring next to Figure 4F, a fill material 458 is deposited  into the
passageway 474 to construct a through-wafer interconnect 477 in a
procedure  generally similar to that described above with reference to
Figures 31-3J. 10 Figures 5A and 5B illustrate stages in a method of
forming an interconnect in an  imaging die 200 in accordance with another
embodiment of the invention, Referring first  to Figure 5A, the first part of
this method can be at least generally similar to the steps  described above
with reference to Figure 3A. However, after a second dielectric layer  551
is etched to expose the bond-pad 222, a hole is not etched in the
bond-pad 222. 15 Referring next to Figure 5B, a through-hole 561 can be
formed through the  substrate 210 and the bond-pad 222. The
through-hole 561 can be formed using a  laser 563 (shown schematically),
etching, or other suitable processes. When the laser  563 is used to form
the through-hole 561, a first type of stag can coat the portion of the
sidewall in the substrate 210 and a second type of slag can coat the
portion of the 20 sidewall in the bond-pad 222. As such, it may take two
separate cleaning steps to clean  the through-hole 561. In general, the
cleaning agents used to clean the through-hole  561 may be limited to
those chemistries that do not attack or otherwise degrade the  



metal of the bond-pad 222 or the material of the substrate 210. After the
through-hole  561 has been suitably cleaned, the imaging die 200 can
undergo additional packaging 25 steps that are at least generally similar to
those described above with reference to  Figures 3C-3J to construct a
through-wafer interconnect as illustrated in Figure 3J. The embodiments
described above with reference to Figures 3A-5B include three  methods
for forming and/or filling through-holes in microfeature workpieces that
extend  through bond-pads and/or associated substrates. In other
embodiments, other methods 3c can be used to form and/or fill such
through-holes. Accordingly, the present invention is  not limited to the
particular methods for forming and/or filling the through-holes  described
above, but it also includes alternative methods for providing an electrically
conductive material in a through-hole to form an array of ball-pads on the
backside of  the imager die. 110929-6748-W000/5L042350.0021 -11-
9-Nov-04 WO 2006/D11897 PCT/US20041037415 C. Microelectronic
Imagers With Through-Wafer Interconnects Figure 6 is a schematic
cross-sectional view of an assembly 600 including a  plurality of
microelectronic imagers 690 that each include an imaging die 200 and an
optics unit 640. The assembly 600 includes a microelectronic images
workpiece 602 5 having a first substrate 604 and a plurality of imaging
dies 200 formed on the first  substrate 604. The individual imaging dies
200 can be generally similar to the imaging  die 200 described above with
respect to Figure 2; like reference numbers accordingly  refer to like
components in Figures 2 and 6. The assembly 600 also includes an optics
workpiece 630 that includes a second substrate 634 and a plurality of
optics units 640 0 on the second substrate 634. Individual optic units 640
can include an optic member  650 on the second substrate 634. The optic
member 650 can include lenses and/or  filters for focusing and filtering the
radiation passing through the optics unit 640. The assembly 600 further
includes a plurality of stand-offs 660 configured to  position individual optic
units 640 with respect to individual image sensors 212. Suitable  15
stand-offs are disclosed in U.S. Patent Application No. 10/723,363
(Perkins Coie Docket No. 108298746US00), entitled "Packaged
Microelectronic Imagers and Methods of  Packaging Microelectronic
Imagers," filed on November 26, 2003, which is incorporated  by reference
herein. The microelectronic imagers 690 can be assembled by seating the
stand-offs 660 so that the optics units 640 are accurately aligned with the
image 20 sensors 212. In one embodiment, the stand-offs 660 are seated
before singulating the  



individual imagers 690 such that all of the microelectronic imagers are
assembled at the  wafer level. Both of the first and second substrates 604
and 634 can then be cut along  lines A-A to separate individual imagers
690 from each other.  One advantage of the assembly 600 of
microelectronic imagers 690 illustrated in  25 Figure 6 is that the
through-wafer interconnects 226 enable a plurality of microelectronic
imagers to be fabricated at the wafer level using semiconductor fabrication
techniques.  Because the through-wafer interconnects 226 provide an
array of ball-pads 224 on the  backside of the imaging dies 200, it is not
necessary to wire-bond.the bond-pads 222 on  the front side of the wafer
to external devices. The bond-pads 222 can accordingly be 30 covered at
the wafer level. This enables the process of (a) fabricating a plurality of
imaging dies 200 at the wafer level on one substrate, (b) fabricating a
plurality of optics  units 640 at the wafer level on another substrate, and
(c) assembling a plurality of optic  units 640 with a corresponding plurality
of imaging dies 200 at the water level using  automated equipment.
Therefore, the microelectronic imagers 690 with through-wafer
(10829-8748-W000/S&042_350.002] -12- 9-Nov-04 WO 2006/011897
11CT/US2004/037415  interconnects 226 enable processes that
significantly enhance the throughput and  accuracy of packaging
microelectronic imagers. Another advantage of the assembly 600 of
microelectronic imagers 690 is the  ability to decrease the real estate that
the imagers 690 occupy in a cell phone, PDA, or  s other type of device.
Because the imagers 690 do not require an interposer substrate to
provide external electrical contacts in light of the through-wafer
interconnects 226, the  footprint of the imagers 690 can be the same as
that of the die 200 instead of the  interposer substrate. The area occupied
by the imagers 690 is accordingly less than  conventional imagers
because the footprint of the individual imaging dies 200 is 10 significantly
smaller than that of the interposer substrate. Furthermore, because the
dies 200 provide a backside array of ball-pads 224 that can be coupled
directly to a  module without an interposer substrate, the profile is lower
and the time and costs  associated with mounting the die to the interposer
substrate are eliminated. This results  in greater throughput, lower
packaging costs, and smaller imagers. 15 A further advantage of
wafer-level imager packaging is that the microelectronic  imagers 690 can
be tested from the backside of the dies 200 at the wafer level before  the
individual imagers 690 are singulated. A test probe can contact the
backside of the  dies 200 to test the individual microelectronic imagers
690 because the through-wafer  



interconnects 226 provide backside electrical contacts. Accordingly,
because the test 20 probe engages contacts on the backside of the
imager workpiece 602, it will not  damage the image sensors 212, the
optics units 640, or associated circuitry on the front  of the microelectronic
imagers 690. Moreover, the test probe does not obstruct the  image
sensors 212 during a backside test, which allows the test probe to test a
larger  number of dies at one time compared to processes that test
imaging dies from the front 25 side. As such, it is more efficient in terms of
cost and time to test the microelectronic  imagers 690 at the wafer level
(i.e., before singulation) than to test each imager 690  from the front side
of the dies 200. Furthermore, it is advantageous to test the
microelectronic imagers 690 in an environment where the individual image
sensors 212  and/or optics units 640 will not be damaged during testing.
30 Yet another advantage of wafer-level processing is that the
microelectronic  imagers 690 can be singulated after assembling the
optics units 640 to the dies 200.  The attached optics units 640 protect the
imager sensors 212 on the front side of the  dies 200 from particles
generated during the singulation process. Thus, the likelihood
[10829-874&W000/5I 042350.0021 -~3- 9-Nov 04 WO 2006/011897
PC_'PY11S2004/037415 that the image sensors 212 or associated
circuitry on the front side of the dies 200 will  be damaged during
singulation and subsequent handling is significantly reduced, From the
foregoing, it will be appreciated that specific embodiments of the
invention have been described herein for purposes of illustration, but that
various  s modifications may be made without deviating from the spirit and
scope of the invention. For example, various aspects of any of the
foregoing embodiments can be combined in  different combinations.
Accordingly, the invention is not limited except as by the  appended
claims. [10829-8748-W000/5L042370.002] -14- 9-Nov-04 LLOYL) WISE
15 l/\Ve claijjl~ 1. A microelectronic imaging die, comprising: a
microelectronic substrate having a first. side and a second side opposite
the first side, an image sensor, and an integrated circuit in the substrate
electrically  5 coupled to the image sensor; a terminal carried by the
substrate and electrically coupled directly to the integrated  



circuit: an electrically conductive interconnect extending from the first side
to the  second side of the substrate and contacting the terminal; 10 a first
through-hole it,, the terminal. the first through-hole having a first
cross-sectional  dimension; and a second through-hole in the substrate,
the second through-hole having a second cross- sectional dimension,
wherein the second cross-sectional dimension is less than the  first
cross-sectional dimension, and wherein the interconnect is disposed in
both the  15 first and second through-holes. 2. The microelectronic
imaging die of claim I wherein: the interconnect comprises a dielectric liner
in contact with the substrate, a first conductive  layer disposed over at
least a portion of the dielectric liner, a second conductive  20 layer
disposed over at least a portion of the first conductive layer and the
terminal, and an electrically conductive fill material over at least a portion
of the second  conductive layer and electrically coupled to the terminal. 3.
The microelectronic imaging die of claim I wherein: 25 the interconnect
comprises a dielectric liner in contact with the substrate, a conductive
layer  over at least a portion of the dielectric liner, wherein the conductive
layer includes 'I iN, Iah, lv WN, l'a I r. Al. Cu Ag, Ni, Cut Co and/or Au, a
wetting agent over  at least a portion of the conductive layer and the
terminal; wherein the wetting  agent includes Ni, Cu, and/or An, and a
metal fill at least partially over at least a  30 portion of the wetting agent
and electrically coupled to the terminal. 4. The microelectronic imaging die
of claim I wherein the image sensor and terminal  are on the first side of
the substrate. 35 5. The microelectronic imaging die of claim 1 wherein:
the terminal is on the first side of The substrate, and the imaging, die
further comprises a dieleco i , layer disposed on the first side of the
LLOYD WISE  16 substrate. wherein the dielectric layer covers at least a
portion of the terminal. 6. The microelectronic imaging die of claim 5
wherein the dielectric layer includes  Si3N4 andior Si02. 5 'i. The
microelectronic imaging die of claim t wherein: 



the image sensor and the terminal are on the first side of the substrate;
the imaging die further comprises a ball-pad on the second side of the
substrate; and  the interconnect extends through the substrate electrically
coupling the Icnninifl and tile  10 ball-pad. 8. The microelectronic imaging
die of claim I wherein: the interconnect has a first end portion coupled to
the to minal and a second end  portion spaced apart from the first end
portion: and 15 the imaging die further comprises a ball-pad coupled to
the second end portion of the  interconnect. ri The microelectronic imaging
die of claim i wherein: the interconnect has a first end portion coupled to
the terminal and a second end  20 portion spaced apart from the first end
portion; and the imaging die further comprises a solder ball electrically
coupled to the second  end portion of the in`erconnect, to. A
microelectronic imaging die, comprising: 25 a microelectronic substrate
having a first side and a second side opposite the first side, an integrated
circuit at least partially between the first and second sides,  and an image
sensor on the first side electrically coupled to the inter rated circuit:  a
bond-pad at least proximate to the fist side of the substrate and electrically
coupled directly to the integrated circuit having a through hole, the
through-hole  30 having a first cross-sectional dimension; and an
electrically conductive interconnect extending through it through-hole in
the  substrate having a second cross-sectional dimension from the first
side of the  substrate to the second side of the substrate and through the
through-hole in the  bond-pad, wherein the second cross sectional
dimension is less than the first cross- 35 sectional dimension. LLOYD
VVISE  17 11. The microelectronic imaging die of claim 10 w herein:  the
interconnect comprises a dielectric liner in contact with the substrate, a
first conductive layer disposed. over at least a portion of  the dielectric
liner, a second conductive layer disposed over at least a portion of the  5
first conductive layer and the bond-pad, and an electrically conductive fill
over at least a. portion ofthe second conductive layer and electrically
coupled to the bond- 



pad. 12. The microelectronic imaging die of claim 10 wherein: 10 the
interconnect comprises a dielectric liner in contact With the substrate, a
conductive layer  over at least a portion of the dielectric liner, wherein the
conductive layer includes  TiN, TaN, W, WN, 'Ta, Ti, Al, .Cu, At,, Ni, Cu,
Co and/or An, a. wetting agent over at least. a portion of the conductive
layer and the bond-pad, wherein the wetting  agent includes Ni, Cu. and/or
Au, and a. metal till over at least a portion of the  15 wetting agent and
electrically coupled to the bond-pad. 13. The microelectronic imaging die
of claim 10. further comprising a dielectric layer  disposed on the first side
of the substrate, wherein the dielectric laver covers at least a portion of
the  bond-pad. 20 14. The microelectronic imaging die of claim 13 wherein
the dielectric layer includes  Si3NI and/or Sift. 15. The microelectronic
imaging die of claim 10 wherehi: 25 the imaging die further comprises a
ball-pad on the second side of the st.tbstrate; and  the interconnect
extends through the substrate electrically coupling the bond-pad  and the
ball-pad. 16. 1lne microelectronic imaging die of claim 10 wherein: 30 1h e
interconnect has a first end portion coupled to the bond pad and a second
end portion spaced apart from the first end portion; and the imaging die
further comprises a ball-pad on the second side of the substrate  coupled
to the second end portion of the interconnect. 35 17, 1'tiie microelectronic
imaging die of claim 10 wherein: the interconnect has a. first end portion
coupled to the bond-pad and a second  end portion spaced apart from the
first end portion; and LLOYD WISE  18 the imaging die further comprises
a solder ball electrically coupled to the second end  portion of the
interconnect. 18. A microelectronic imaging die, comprising: 5 a
microelectronic substrate having a first side and a second side opposite
the first side, an  integrated circuit at least partially between the first and
second sides, and an image  sensor on the ust side electrically coupled to
the integrated circuit; 



a bond-pad at least proximate to the fist side of the substrate and
electrically coupled to the  integrated circuit; 10 an electrically conductive
interconnect extending through the substrate from the first side of  the
substrate to the second side of th, substrate and through the bond-pad; a
first through-hole in the bond-pad, the First through-hole having a first
cross- sectional dimension; and a second through-hole in the substrate,
the second through-hole having a second 15 cross-sectional distension
wherein the second cross-sectional dimes on is less  than the first
cross-sectional dimension, and wherein the interconnect is disposed in
both the first and second through-holes. 19. A inir_r,oelectronic imagging
die, comprising: 20 a microelectronic substrate having a first side and a
second side opposite the first side;  an image sensor on the first side o'f
the substrate; an integrated circuit in the substrate and electrically coupled
to the image sensor; a bond-pad array having a plurality of bond pads on
the first side ofthe substrate, each  hand-pad being electrically coupled
directly to the integrated circuit and at least  25 one bond-pad having it
through-hole with a first cross-sectional dimension; a ball-pad array having
a plurality ofball-pads on the second side of die substrate; and a plurality
of electrically conductive interconnects extending through through-holes in
the  substrate from the First side to the second side of the substrate and
between uhe  integrated circuit and corresponding bail-pads, wherein the
interconnects are 30 configured to electrically couple the integrated circuit
to the ball-pads within the  footprint of the substrate and wherein at least
one through-hole in the substrate has  a second cross-sectional
dimension less than the first cross-sectional dimension. 20 . The
microelectronic imaging die of claim 19, wherein the interconnects are  35
electrically coupled to corresponding bond-pads. LLOYD WISE  19 21.
The microelectronic imaging die of claim 19 wherein: the individual
interconnects have a first end portion and a second end portion  spaced
apart from the first end portion; corresponding ball-pads arc coupled to the
second end portions of each interconnect; and  5 corresponding
bond-pads are coupled to the first end portion ofeach interconnect. A
microelectronic imaging die, comprising: 



a microelectronic substrate having a first side and a second side opposite
to the first surihce;  an image sensor on the first side of the substrate; 10
an integrated circuit in the substrate and electrically coupled to the sage
sensor; a bond-pad array on to first side of the substrate and electrically
coupled directly to the  integrated circuit; at least one bond-pad having a
through-Bole with a fast cross- sectional dimension; a ball-pad array on
the second side 01 the substrate; and 15 means extending through
through-holes in the substrate from the first side to the second side  of tic
substrate for electrically coupling the integrated circuit to the hat-pad
array,  wherein at least one through-hole in the substrate has a second
cross-sectional  dimension less than the first cross-sectional dimension.
20 23. A mcroteaturc workpic e havins a Front side and back side
opposite the front  side, the niicrofeature workpiece comprising: a plurality
of microelectronic dies, wherein individual dies include an integrated
circuit, an image sensor, an array of bond-pads electrically coupled
directly to the  integrated circuit at least one bond n,ad having a
through-hole with it Grit cross- 25 sectional dimension, and a plurality of
interconnects extending through through holes in themicrofeatare
workpiece, wherein individual interconnects are  elecucally coupled to
corresponding bond-pads; and a plurality of scribe lanes spacing apart the
individual dies, wherein at least one through- hole in the microtcature
workpiece has a second cross-sectional dimension less than  30 the first
cross-sectional dimension. 24. The microfeature workpiece of claim 23,
further comprising a plurality of optics  units having optic members. the
individual optics units bein fa attached to corresponding dies with
individual optic members at a desired IOC-ation relative to corresponding
image sensors on individual  35 dies. L.LOYfl WGSE  20 25. A
microelectronic device set, comprising:  a first microelectronic die,
comprising: a first substrate with a first integrated circuit a first bond-pad
directly electrically  coupled to the first integrated circuit and having a
through hole with a first cross- 5 sectional dimension, and an image
sensor electrically coupled to the integrated  circuit; and 



a first electrically conductive interconnect extending through a
through-hole in the Irst  substrate from a second side of the first
substrateto a first side of the first substrate  opposite the second side of
the first substrate and in contact with the first bond-pad 10 on he first side
of the first substrate, the through-hole in the first substrate having a
cross-sectional dimension Less than the first cross-sectional dimension,
and at least a second microelectronic die having a second substrate with
a second  integrated circuit, a second bond-pad electrically coupled to the
second  integrated circuit, and a second elecui ally conductive
interconnect 15 extending through the second substrat.c in contact with
the second bond- pact; wherein the second microelectronic die is in
contact with the first  microelectronic die. 26. A microelectronic imaging
die, comprising: 20 a microelectronic substrate having a first side and a
second side opposite the first side, an image sensor, and an integrated
circuit in the substrate electrically coupled to the  image sensor; a terminal
carried by the substrate and electrically coupled to the integrated circuit;
an electrically conductive interconnect extending through the substrate
and contacting  25 the terminal; a first through-hole in the terminal, the
first through-hole having a first cross-sectional  dimension; and a second
through-hole in the substrate, the second through-hole having a second
cross- sectional dimension, wherein the second cross-sectional dimension
is less than the  30 first cross-sectional dimension, and wherein the
interconnect is disposed in both the first and second through-holes. 


