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WAFER-LEVEL PACKAGED MICROELECTRONIC 
IMAGERS AND PROCESSES FOR WAFER-LEVEL 

PACKAGING 

TECHNICAL FIELD 

0001. The following disclosure relates generally to 
microelectronic imagers and methods for packaging micro 
electronic imagerS. Several aspects of the present invention 
are directed toward wafer-level packaging of microelec 
tronic imagers. 

BACKGROUND 

0002 Microelectronic imagers are used in digital cam 
eras, wireleSS devices with picture capabilities, and many 
other applications. Cell phones and Personal Digital ASSis 
tants (PDAS), for example, are incorporating microelec 
tronic 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. 
0.003 Microelectronic imagers include image sensors 
that use Charged Coupled Device (CCD) systems, Comple 
mentary Metal-Oxide Semiconductor (CMOS) systems, or 
other Systems. CCD image Sensors have been widely used in 
digital cameras and other applications. CMOS image Sen 
Sors 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 advan 
tages because they are manufactured using 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. 
0004 FIG. 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 
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. 
0005 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 dielec 
tric fixture having a plurality of bond-pads 22, a plurality of 
ball-pads 24, and 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 electri 
cal pathways between the bond-pads 14 and the ball-pads 
24. 

0006 The imager 1 shown in FIG. 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 by the barrel 60. 
0007 One problem with packaging conventional micro 
electronic imagerS is that it is difficult to accurately align the 
lens with the image sensor. Referring to FIG. 1, the center 
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line of the lens 70 should be aligned with the centerline of 
the image Sensor 12 within very tight tolerances. For 
example, as microelectronic imagers have higher pixel 
counts and Smaller sizes, the centerline of the lens 70 is often 
required to be within 50 um of the centerline of the image 
sensor 12. This is difficult to achieve with conventional 
imagers because the Support 50 may not be positioned 
accurately on the housing 30, and the barrel 60 is manually 
threaded onto the Support 50. Therefore, there is a need to 
align lenses with image Sensors with greater precision in 
more Sophisticated generations of microelectronic imagers. 
0008 Another problem of packaging conventional 
microelectronic imagers is that positioning the lens at a 
desired focus distance from the image Sensor is time 
consuming and may be inaccurate. The lens 70 shown in 
FIG. 1 is spaced apart from the image Sensor 12 at a desired 
distance by rotating the barrel 60 (arrow R) to adjust the 
elevation (arrow E) of the lens 70 relative to the image 
sensor 12. In practice, an operator rotates the barrel 60 by 
hand while watching an output of the imager 1 on a display 
until the picture is focused based on the operator's Subjec 
tive evaluation. The operator then adheres the barrel 60 to 
the Support 50 to secure the lens 70 in a position where it is 
Spaced apart from the image Sensor 12 by a Suitable focus 
distance. This process is problematic because it is excep 
tionally time-consuming and Subject to operator errors. 

0009. Yet another concern of conventional microelec 
tronic 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 FIG. 1 is the surface 
area of the bottom of the interposer substrate 20. This is 
typically much larger than the Surface area of the 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. 
0010 Yet another concern of conventional microelec 
tronic imagers is the manufacturing costs for packaging the 
dies. The imager 1 shown in FIG. 1 is relatively expensive 
because manually adjusting the lens 70 relative to the image 
sensor 12 is very inefficient and subject to error. Moreover, 
the Support 50 and barrel 60 are assembled separately for 
each die 10 individually after the dies have been singulated 
from a wafer and attached to the interposer substrate 20. 
Therefore, there is a significant need to enhance the effi 
ciency, reliability and precision of packaging microelec 
tronic imagers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 is a cross-sectional view of a packaged 
microelectronic imager in accordance with the prior art. 
0012 FIG. 2 is a flow chart illustrating a method of 
packaging microelectronic imagers at the wafer level in 
accordance with an embodiment of the invention. 

0013 FIG. 3 is a side cross-sectional view schematically 
illustrating a portion of an imager workpiece having a 
plurality of imaging units in accordance with an embodi 
ment of the invention Suitable for wafer-level packaging of 
microelectronic imagers. 
0014 FIGS. 4A-4J are schematic side cross-sectional 
ViewS illustrating a method for forming an electrically 
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conductive through-wafer interconnect for providing a back 
Side array of contact pads in accordance with an embodi 
ment of the invention for use in wafer-level packaging of 
microelectronic imagers. 

0015 FIGS. 5A-5F are schematic side cross-sectional 
ViewS illustrating a method for forming an electrically 
conductive through-wafer interconnect for providing a back 
Side array of contact pads in accordance with an embodi 
ment of the invention for use in wafer-level packaging of 
microelectronic imagers. 

0016 FIGS. 6A and 6B are schematic side cross-sec 
tional views illustrating a method for forming an electrically 
conductive through-wafer interconnect for providing a back 
Side array of contact pads in accordance with an embodi 
ment of the invention for use in wafer-level packaging of 
microelectronic imagers. 

0017 FIGS. 7A-7H are schematic side cross-sectional 
ViewS illustrating a method for forming an electrically 
conductive through-wafer interconnect for providing a back 
Side array of contact pads in accordance with an embodi 
ment of the invention for use in wafer-level packaging of 
microelectronic imagers. 

0018 FIGS. 8A-8F are schematic side cross-sectional 
ViewS illustrating a method for forming an electrically 
conductive through-wafer interconnect for providing a back 
Side array of contact pads in accordance with an embodi 
ment of the invention for use in wafer-level packaging of 
microelectronic imagers. 

0.019 FIG. 9 is a schematic side cross-sectional view 
illustrating a through-wafer interconnect for providing a 
backside array of contact pads in accordance with another 
embodiment of the invention for use in wafer-level pack 
aging of microelectronic imagers. 

0020 FIGS. 10A and 10B are schematic cross-sectional 
ViewS illustrating a method for manufacturing an optical 
device workpiece having a plurality of optical devices in 
accordance with an embodiment of the invention for use in 
wafer-level packaging of microelectronic imagers. 

0021 FIG. 11 is a schematic cross-sectional view illus 
trating an optical device workpiece in accordance with 
another embodiment of the invention for use in wafer-level 
packaging of microelectronic imagers. 

0022 FIG. 12 is a schematic cross-sectional view illus 
trating an optical device workpiece in accordance with 
another embodiment of the invention for use in wafer-level 
packaging of microelectronic imagers. 

0023 FIG. 13 is a schematic cross-sectional view illus 
trating an optical device workpiece in accordance with 
another embodiment of the invention for use in wafer-level 
packaging of microelectronic imagers. 

0024 FIGS. 14A and 14B are schematic cross-sectional 
ViewS illustrating a method for manufacturing an optical 
device workpiece having a plurality of optical devices in 
accordance with another embodiment of the invention for 
use in wafer-level packaging of microelectronic imagers. 

0025 FIGS. 15A and 15B are schematic cross-sectional 
ViewS illustrating a method for manufacturing an optical 
device workpiece having a plurality of optical devices in 
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accordance with another embodiment of the invention for 
use in wafer-level packaging of microelectronic imagers. 
0026 FIGS. 16A and 16B are schematic cross-sectional 
ViewS illustrating a method for manufacturing an optical 
device workpiece having a plurality of optical devices in 
accordance with another embodiment of the invention for 
use in wafer-level packaging of microelectronic imagers. 
0027 FIG. 17 is a schematic cross-sectional view illus 
trating an optical device workpiece having a plurality of 
optical devices in accordance with another embodiment of 
the invention for use in wafer-level packaging of microelec 
tronic imagers. 
0028 FIG. 18 is a schematic cross-sectional view illus 
trating an optical device workpiece having a plurality of 
optical devices in accordance with another embodiment of 
the invention for use in wafer-level packaging of microelec 
tronic imagers. 
0029 FIG. 19 is a schematic cross-sectional view illus 
trating an optical device workpiece having a plurality of 
optical devices in accordance with another embodiment of 
the invention for use in wafer-level packaging of microelec 
tronic imagers. 
0030 FIG. 20A is a side cross-sectional view schemati 
cally illustrating an imager workpiece having a plurality of 
imaging units and an optical device workpiece having a 
plurality of optical devices in accordance with an embodi 
ment of the invention at one stage of a wafer-level packaging 
process for packaging microelectronic imagers. 
0031 FIG. 20B is a side cross-sectional view schemati 
cally illustrating a plurality of assembled microelectronic 
imagers including the imager workpiece and the optical 
device workpiece of FIG. 20A in accordance with an 
embodiment of the invention. 

0032 FIG. 21A is a side cross-sectional view schemati 
cally illustrating an imager workpiece having a plurality of 
imaging units and an optical device workpiece having a 
plurality of optical devices in accordance with an embodi 
ment of the invention at one Stage of a wafer-level packaging 
process for packaging microelectronic imagers. 
0033 FIG. 21B is a side cross-sectional view schemati 
cally illustrating a plurality of assembled microelectronic 
imagers including the imager workpiece and the optical 
device workpiece of FIG. 21A in accordance with an 
embodiment of the invention. 

0034 FIG. 22A is a side cross-sectional view schemati 
cally illustrating an imager workpiece having a plurality of 
imaging units and an optical device workpiece having a 
plurality of optical devices in accordance with an embodi 
ment of the invention at one Stage of a wafer-level packaging 
process for packaging microelectronic imagers. 

0035 FIG. 22B is a side cross-sectional view schemati 
cally illustrating a plurality of assembled microelectronic 
imagers including the imager workpiece and the optical 
device workpiece of FIG. 22A in accordance with an 
embodiment of the invention. 

0036 FIGS. 23A-23P are side cross-sectional views 
illustrating a method for packaging microelectronic imagers 
at the wafer level in accordance with another embodiment of 
the invention. 
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DETAILED DESCRIPTION 

0037 A. Overview 
0.038 FIG. 2 is a flow chart of a wafer-level packaging 
proceSS 200 for packaging a plurality of microelectronic 
imagers. The packaging process 200 includes an imaging 
unit fabrication procedure 202, an opticS fabrication proce 
dure 204, and an assembly procedure 206. 
0.039 The imaging unit fabrication procedure 202 com 
prises providing an imager workpiece having a first Substrate 
and a plurality of imaging units on and/or in the first 
Substrate. The imaging units can each include an image 
Sensor and a plurality of external electrical contacts electri 
cally coupled to the image Sensor. For example, the image 
Sensors can be CMOS image Sensors and the external 
contacts can be backside arrays of contact pads coupled to 
corresponding image Sensors by through-wafer intercon 
nectS. 

0040. The optics fabrication procedure 204 comprises 
providing an optical device workpiece having a Second 
Substrate and a plurality of optical devices on and/or in the 
Second Substrate. The optical devices are typically arranged 
in a pattern corresponding to the pattern of the imaging units 
on the first Substrate. The optical devices can each include at 
least one optics element, Such as a focus lens or filter. 
0041. The assembly procedure 206 comprises assembling 
the optical devices with corresponding imaging units before 
cutting the imager workpiece and/or the optical device 
Workpiece. The assembly procedure can include assembling 
the optical devices with the imaging units before cutting 
either the first Substrate or the Second Substrate, and then 
cutting both the first and Second Substrates to Separate 
individual imagers from each other. In other embodiments, 
either the imager workpiece is cut to Separate the imaging 
units from each other or the optical device workpiece is cut 
to Separate the optical devices from each other before 
assembling the optical devices with corresponding imaging 
units. 

0042. The following disclosure describes several 
embodiments of (1) methods for wafer-level packaging of 
microelectronic imagers, (2) methods of forming electrically 
conductive interconnects in microelectronic imagers, (3) 
methods for forming optical devices for microelectronic 
imagers, and (4) microelectronic imagers that have been 
packaged using wafer-level packaging processes. Wafer 
level packaging of microelectronic imagers is expected to 
Significantly enhance the efficiency of manufacturing micro 
electronic imagers because a plurality of imagers can be 
packaged simultaneously using highly accurate and efficient 
processes developed for packaging Semiconductor devices. 
Moreover, wafer-level packaging of microelectronic imag 
erS is expected to enhance the quality and performance of 
Such imagers because the Semiconductor fabrication pro 
ceSSes can reliably align an optical device with an image 
Sensor and Space the optical device apart from the image 
Sensor by a desired distance with a high degree of precision. 
Several embodiments of wafer-level packaging processes 
for packaging microelectronic imagers and the imagers 
packaged using Such Wafer-level packaging processes are 
thus expected to Significantly reduce the costs for assem 
bling microelectronic imagers, increase the performance of 
microelectronic imagers, and produce Smaller imagers com 
pared to conventional devices. 
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0043 1. Summary of Selected Wafer-Level Packaging 
Processes 

0044 One embodiment of a method for wafer-level pack 
aging of microelectronic imagers comprises providing an 
imager workpiece comprising a first Substrate and a plurality 
of imaging units formed on and/or in the first Substrate. The 
individual imaging units comprise an image Sensor, an 
integrated circuit formed in the first Substrate and electri 
cally coupled to the image Sensor, and a plurality of external 
electrical contacts coupled to the integrated circuit. The 
external electrical contacts are arranged in a plurality of 
contact arrays on the first Substrate corresponding to the 
individual imaging units. The method further includes pro 
Viding an optical device workpiece having a Second Sub 
Strate and a plurality of optical devices formed on and/or in 
the Second Substrate. The individual optical devices com 
prise an optics element, Such as a focus lens, a pin-hole lens, 
and/or a filter. The method continues by assembling the 
optical devices with corresponding imaging units So that the 
optics elements are positioned with respect to corresponding 
image Sensors before cutting the first Substrate and/or the 
Second Substrate. 

0045 Another embodiment of a method for wafer-level 
packaging of microelectronic imagers comprises providing 
an imager workpiece comprising a first Substrate, a plurality 
of microelectronic image Sensors arranged in a pattern on 
the first Substrate, and cutting lanes between adjacent image 
Sensors. The method further includes providing an optical 
device workpiece comprising a Second Substrate and a 
plurality of optics elements arranged at least generally in the 
pattern of the image Sensors on the first Substrate. This 
embodiment further includes fixing the imager workpiece 
relative to the optical device workpiece So that individual 
image Sensors on the first Substrate are aligned with corre 
sponding optics elements on the Second Substrate. The first 
and Second Substrates are then cut along the cutting lanes 
after fixing the imager workpiece relative to the optical 
device workpiece to Separate individual imagers from each 
other. 

0046) Another embodiment of a method for wafer-level 
packaging of microelectronic imagers in accordance with 
the invention comprises forming a plurality of imaging units 
on and/or in a first Substrate having a front Side and a 
backside. Each imaging unit has an image Sensor at the front 
Side of the first Substrate and external electrical contacts at 
the backside of the first Substrate. The external electrical 
contacts, for example, can have contact pads on the backside 
of the first Substrate and through-wafer interconnects elec 
trically coupling the contact pads to the image Sensors. The 
method further includes fabricating a plurality of optics 
elements on and/or in a Second Substrate, and then fixing the 
imaging units relative to the optics elements in a Spaced 
apart relationship. The imaging units are fixed relative to the 
optics elements before cutting the first Substrate and/or the 
Second Substrate Such that the image Sensors are Sealed 
within discrete compartments in alignment with a corre 
sponding optics element. 

0047 Yet another embodiment of a method for wafer 
level packaging of microelectronic imagers in accordance 
with the invention comprises forming a plurality of imaging 
units on and/or in a first Substrate and fabricating a plurality 
of optical devices on and/or in a Second Substrate. The 
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imaging units are arranged in a die pattern on the first 
Substrate, and individual imaging units have an image Sensor 
and an array of external electrical contacts electrically 
coupled to the image Sensor. The optical devices are 
arranged in a device pattern on the Second Substrate that 
corresponds to the die pattern of the imaging units, and 
individual optical devices have an optics element. The 
method further includes constructing a Spacer having open 
ings arranged to be aligned with the die pattern and the 
device pattern. This method continues by fixing the first 
Substrate relative to the Second Substrate with the Spacer 
assembly between the first and second substrates. The first 
and Second Substrates are fixed together Such that each 
image Sensor on the first Substrate is aligned with (a) a 
corresponding opening of the spacer and (b) a corresponding 
optics element on the Second Substrate. 
0.048 2. Summary of Selected Microelectronic Imager 
Assemblies 

0049 Another aspect of the present invention is directed 
toward microelectronic imager assemblies that are packaged 
or otherwise used in wafer-level packaging of microelec 
tronic imagers. One embodiment of a microelectronic 
imager assembly in accordance with the invention comprises 
an imager workpiece and an optical device workpiece. The 
imager workpiece has a first Substrate and a plurality of 
imaging units formed on and/or in the first Substrate. The 
imaging units can each comprise an image Sensor, an inte 
grated circuit electrically coupled to the image Sensor, and 
external electrical contacts on the first Substrate that are 
coupled to the integrated circuit. The optical device work 
piece has a Second Substrate and a plurality of optical 
devices on and/or in the Second Substrate. The optical 
devices can comprise an optics element. The first and Second 
Substrates are fixed relative to each other in a Spaced apart 
relationship So that the image Sensors are aligned with 
corresponding opticS elements. 

0050 Another embodiment of a microelectronic imager 
assembly in accordance with the invention comprises a first 
Substrate having a front Side and a back Side, a plurality of 
image Sensors at the front Side of the first Substrate, and a 
plurality of external electrical contacts. The external elec 
trical contacts include contact pads on the backside of the 
first Substrate and interconnects extending through at least a 
portion of the first Substrate. The interconnects are electri 
cally coupled to the contact pads on the backside of the first 
Substrate and the image Sensors. The microelectronic imager 
assembly of this embodiment further includes a second 
Substrate having a plurality of optics elements aligned with 
corresponding image Sensors, and a Spacer having a first 
portion attached to the first Substrate and a Second portion 
attached to the Second Substrate. The Spacer has openings 
arranged in a pattern Such that individual openings are 
aligned with (a) a corresponding image Sensor and (b) a 
corresponding opticS element. 

0051. Another embodiment of a microelectronic imager 
assembly in accordance with the invention comprises a first 
Substrate having (a) a first imaging unit including a first 
microelectronic imager and a first array of external contacts 
electrically coupled to the first image Sensor, and (b) a 
Second imaging unit including a Second microelectronic 
image Sensor and a Second array of external contacts elec 
trically coupled to the Second image Sensor. This embodi 
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ment of a microelectronic imager assembly further includes 
a first optics element fixed relative to the first imaging unit 
in alignment with the first microelectronic imager, and a 
Second optics element fixed relative to the Second imaging 
unit in alignment with the Second microelectronic image 
SCSO. 

0052 Still another embodiment of a microelectronic 
imager assembly in accordance with the invention comprises 
an imager workpiece including (a) a first Substrate having a 
front side and a back Side, (b) a first imaging unit including 
a first microelectronic image Sensor at the front Side of the 
first Substrate and a first array of external contacts at the 
backside of the first Substrate coupled to the first image 
Sensor, and (c) a Second imaging unit including a second 
microelectronic image Sensor at the front Side of the first 
Substrate and a Second array of external contacts at the 
backside of the first Substrate coupled to the Second image 
Sensor. The microelectronic imager assembly of this 
embodiment further includes a first optics element fixed 
relative to the first imaging unit in alignment with the first 
microelectronic image Sensor, and a Second optics element 
fixed relative to the Second imaging unit in alignment with 
the Second microelectronic image Sensor. 
0053 Another embodiment of a microelectronic imager 
assembly in accordance with the invention comprises an 
imaging workpiece having a first Substrate and a plurality of 
microelectronic imaging means formed in and/or on the first 
substrate. This embodiment further includes an optical 
device workpiece having a Second Substrate fixedly coupled 
to the first Substrate. The optical device workpiece has a 
plurality of optical device means in and/or on the Second 
Substrate in alignment with corresponding imaging means of 
the imager workpiece. 
0054 3. Summary of Selected Microelectronic Imagers 
0055 Another aspect of the invention is directed toward 
microelectronic imagers. One embodiment of a microelec 
tronic imager in accordance with the invention comprises an 
imaging unit including a die having a front Side and a 
backside, an image Sensor at the front Side of the die, an 
integrated circuit electrically coupled to the image Sensor, a 
plurality of through-wafer interconnects electrically coupled 
to the integrated circuit and a plurality of contact pads at the 
backside of the die. The interconnects extend through the die 
to the backside, and the contact pads are connected to the 
interconnects. The microelectronic imager further comprises 
an optical device fixed with respect to the imaging unit. The 
optical device has an optics element aligned with the image 
SCSO. 

0056. Another embodiment of a microelectronic imager 
comprises an imaging unit including a die having a front Side 
and a backside, an image Sensor at the front Side of the die, 
an integrated circuit electrically coupled to the image Sensor, 
a plurality of interconnects electrically coupled to the inte 
grated circuit and a plurality of contact pads at the backside 
of the die connected to the interconnects. The microelec 
tronic imager further includes a Stand-off projecting from the 
die and having an opening aligned with the image Sensor, 
and an optical device attached to the Stand-off. The optical 
device has a Substrate and an optics element on and/or in the 
Substrate aligned with the image Sensor. 
0057 Still another embodiment of a microelectronic 
imager comprises an imaging unit and an optical device 



US 2005/0275750 A1 

fixed with respect to the imaging unit. The imaging unit can 
include a die having a front Side and a backside, an image 
Sensor at the front Side of the die, and a plurality of contact 
pads at the backside of the die. The contact pads are 
operatively coupled to the image Sensor for electrically 
attaching the imager to an external device. The optical 
device includes an optics element aligned with the image 
SCSO. 

0.058 Specific details of several embodiments of the 
invention are described below with reference to CMOS 
imagers to provide a thorough understanding of these 
embodiments, but other embodiments can use CCD imagers 
or other types of imagers. Several details describing Struc 
tures or processes that are well known and often associated 
with other types of microelectronic devices are not set forth 
in the following description for purposes of brevity. More 
over, although the following disclosure Sets forth Several 
embodiments of different aspects of the invention, Several 
other embodiments of the invention can have different 
configurations or components than those described in this 
Section. AS Such, it should be understood that the invention 
may have other embodiments with additional elements or 
without several of the elements described below with ref 
erence to FIGS. 2-23P. 

0059. The individual steps of the wafer-level packaging 
process 200 set forth above with respect to FIG. 2 and 
microelectronic imagers that are packaged at the wafer level 
are described below in detail. More Specifically, the imaging 
unit fabrication procedure 202 is described in more detail 
under heading B entitled “Imager Workpieces With Back 
Side Electrical Contacts,” the optics fabrication procedure 
204 is described in more detail below under heading C 
entitled, “Optical Device Workpieces for Microelectronic 
Imagers,” and the assembly procedure 206 is described in 
greater detail under heading D entitled, “Wafer-level Pack 
aging of Microelectronic Imagers.” Additionally, Several 
embodiments of Specific microelectronic imagers are also 
described throughout these Sections. 
0060 B. Imager Workpieces with Backside Electrical 
Contacts 

0061 FIG. 3 is a side cross-sectional view schematically 
showing a portion of an imager workpiece 300 fabricated in 
accordance with an embodiment of the imaging unit fabri 
cation procedure 202 (FIG. 2) described above. The imager 
workpiece 300 has a first Substrate 310 and a plurality of 
imaging units 320 formed on and/or in the first substrate 
310. The first Substrate 310 has a front Side 312 and a 
backside 314. The first substrate 310 is generally a semi 
conductor wafer, and the imaging units 320 are microelec 
tronic dies arranged in a die pattern on the wafer. Individual 
imaging units 320 can include an image Sensor 330, inte 
grated circuitry (IC) 340 coupled to the image sensor 330, 
and external contacts 350 electrically coupled to the inte 
grated circuitry 340. The image sensors 330 can be CMOS 
image Sensors or CCD image Sensors for capturing pictures 
or other images in the visible Spectrum, but the image Sensor 
330 can detect radiation in other spectrums (e.g., IR or UV 
ranges). The image Sensors 330 are typically located at the 
first side 312 of the Substrate 310. 

0062) The external contacts 350 shown in FIG.3 provide 
arrays of contact pads 354 within the footprint of each 
imaging unit 320. The contact pads 354 in each array are 
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operatively coupled to a corresponding image Sensor 330 via 
the integrated circuitry 340. Each external contact 350, for 
example, can include a terminal 352 (e.g., bond-pad), an 
external contact pad 354 (e.g., ball-pad), and an interconnect 
356 coupling the terminal 352 to the contact pad 354. In the 
embodiment shown in FIG. 3, the terminals 352 are on the 
front side 312 of the first substrate 310, the contact pads 354 
are on the backside 314 of the first Substrate 310, and the 
interconnects 356 are through-wafer interconnects that 
extend completely through the first substrate 310 to couple 
the terminals 352 to the contact pads 354. In other embodi 
ments, however, the imaging units 320 may not include the 
terminals 352 on the front Side 312 of the first Substrate 310 
such that the integrated circuitry 340 is coupled directly to 
the contact pads 354 on the backside 314 of the substrate 310 
by through-wafer interconnects that extend through only a 
portion of the substrate 310. 

0063) The interconnects 356 enable the contact pads 354 
to be on the backside 314 of the first Substrate 310, which 
provides Several advantages. More Specifically, the external 
contact pads 354 can be located on the backside 314 of the 
first Substrate 310 because the embodiment of the intercon 
nects 356 shown in FIG. 3 are through-wafer interconnects 
that extend to the backside 314 of the first Substrate 310. The 
backside arrays of external contact pads 354 allow the 
imaging units 320 to be attached directly to an external 
device without an interposer Substrate. AS Such, the termi 
nals 352 on the front Side 312 of the first Substrate 310 are 
not wire-bonded to a separate interposer Substrate as in the 
prior art. This allows optical devices to be constructed or 
otherwise assembled directly onto the first substrate 310 at 
the wafer level before cutting the first Substrate 310. It also 
allows the imaging units 320 and the packaged imagers to be 
tested from the backside of the die, and it results in Smaller 
packages. These advantages and others are described in 
greater detail below. Therefore, the backside contact pads 
354 enable microelectronic imagers to be packaged using 
wafer-level packaging processes that are not possible with 
imagers of the prior art. 

0064 FIGS. 4A-9 illustrate several embodiments of 
methods for forming the electrically conductive through 
wafer interconnects 356 shown in FIG. 3. More specifically, 
FIGS. 4A-9 are schematic side cross-sectional views show 
ing the fabrication of a single external contact 350 shown in 
FIG. 3, but in practice a plurality of through-wafer inter 
connects are constructed for all of the imaging units 320 on 
an imager workpiece. AS Such, like reference numbers refer 
to like components in FIGS. 3-9. 

0065 FIGS. 4A-4J illustrate a method of forming a 
through-wafer interconnect for use in the imaging unit 320 
in accordance with an embodiment of the invention. In this 
embodiment, a first dielectric layer 410 is applied to the first 
side 312 of the first Substrate 310, and a second dielectric 
layer 420 is applied over the first dielectric layer 410. The 
Second dielectric layer 420 is patterned and etched to expose 
the terminal 352. After exposing the terminal 352, a first hole 
422 is formed through the terminal 352. The first hole 422 
can be formed by etching the center of the terminal 352, but 
in other embodiments the first hole 422 can be formed using 
other Suitable methods (e.g., laser). 
0.066 Referring now to FIG. 4B, a third dielectric layer 
430 is deposited onto the imaging unit 320 to cover the 
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terminal 352 and fill the first hole 422. The dielectric layers 
410/420/430 can be a polyimide material, but these dielec 
tric layers can be other nonconductive materials in other 
embodiments. For example, the first dielectric layer 410 
and/or one or more of the Subsequent dielectric layerS can be 
a low temperature chemical vapor deposition (low tempera 
ture CVD) material, such as tetraethylorthosilicate (TEOS), 
parylene, Silicon nitride (SiN), Silicon oxide (SiO2), and/or 
other Suitable materials. The foregoing list of dielectric 
materials is not exhaustive. The dielectric layers 410/420/ 
430 are not generally composed of the same material, but 
two or more of these layers can be composed of the same 
material. In addition, one or more of the layerS described 
above with reference to FIGS. 4A and 4B, or described 
below with reference to Subsequent figures, may be omitted. 
0067 FIGS. 4C-4J show the imaging unit 320 in sub 
Sequent Stages of forming a through-wafer interconnect. 
Referring to FIG. 4C, a second hole 432 is etched through 
the third dielectric layer 430 to expose the terminal 352. The 
second hole 432 is typically etched to the front side 312 of 
the first Substrate to open the first hole 422. A passage or 
through-hole 450 is then cut through the first substrate 310. 
The through-hole 450 extends through the first Substrate 310 
to the first hole 422 in the terminal 352. The through-hole 
450 and the first hole 422 together form a passage 452 
extending through the imaging unit 320. The through-hole 
450 can be formed using a laser (shown schematically) to cut 
through the first substrate 310 from the second side 314 
toward the first side 312. In a different embodiment, the laser 
can conceivably cut from the first side 312 toward the 
second side 314. The laser can be aligned with respect to the 
terminal 352 using Scanning/alignment Systems known in 
the art. In other embodiments, the through-hole 450 can be 
etched through the first substrate 310 if the first Substrate 310 
is not too thick. 

0068. After forming the through-hole 450, it is cleaned to 
remove ablated byproducts (i.e., slag) and/or other undesir 
able byproducts resulting from the laser. The through-hole 
450 can be cleaned using a wet-etch process. In the embodi 
ment shown in FIG. 4C, the cross-sectional dimension of 
the through-hole 450 is less than the cross-sectional dimen 
Sion of the first hole 422 So that the laser does not impinge 
against the terminal 352. This avoids producing slag of one 
material in the first hole 422 (i.e., metal from the terminal 
352) and slag of a different material in the through-hole 450 
(i.e., silicon from the first substrate 310). This feature allows 
a single cleaning process/chemistry to clean the Slag from 
the through-hole 450 without having to use a second clean 
ing process to clean residue from the first hole 422. It is 
generally desirable to use cleaning agents that do not attack 
the metal of the terminal 352 to clean slag from the through 
hole 450. Suitable cleaning agents, for example, include 6% 
tetramethylammonium hydroxide (TMAH): propylene gly 
col. The slag in the through-hole 450, however, may not be 
cleaned in Some embodiments of this method. 

0069. Referring to FIG. 4D, a fourth dielectric layer 460 
is applied to the imaging unit 320 to line the sidewall of the 
through-hole 450 in the first substrate 310. The fourth 
dielectric layer 460 can be applied using CVD, PVD, ALD 
or other deposition processes. In the illustrated embodiment 
the fourth dielectric layer 460 not only lines the exposed 
portions of the first substrate 310 in the through-hole 450, 
but it also covers the terminal 352 and the third dielectric 
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layer 430. The fourth dielectric layer 460 can be a low 
temperature CVD oxide, but in other embodiments the 
fourth dielectric layer 460 can be other suitable dielectric 
materials. The fourth dielectric layer 460 electrically insu 
lates the components of the first substrate 310 from an 
interconnect that is Subsequently formed in the passage 452 
as described in greater detail below. 
0070. After applying the fourth dielectric layer 460, a 

first conductive layer 470 is deposited onto the imaging unit 
320. In the illustrated embodiment, the first conductive layer 
470 covers the fourth dielectric layer 460. The first conduc 
tive layer 470 is generally composed of a metal, such as TiN, 
but in other embodiments the first conductive layer 470 can 
be composed of TaN, W, 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 470 is composed of TiN, 
it can be formed using TiClTiN and an atomic layer 
deposition or chemical vapor deposition process. AS 
explained below, the first conductive layer 470 provides a 
Seed layer for plating another layer of metal into the passage 
452. 

0071 Referring next to FIG. 4E, the first conductive 
layer 470 is etched to leave a portion of the first conductive 
layer 470 lining the passage 452. The first conductive layer 
470 can be etched using a “dry etch' or “spacer etch” that 
preferentially removes material from Surfaces that are trans 
verse (i.e., not parallel) relative to the direction of the 
etchant. In this embodiment, the vertical portions of the first 
conductive layer 470 remain on the fourth dielectric layer 
460 in the holes 422 and 450 to line the passage 452. 
0072 Referring next to FIGS. 4F and 4G, the front side 
of the fourth dielectric layer 460 is etched to remove the 
fourth dielectric layer 460 from the horizontal and diagonal 
surfaces of the first side 312 of the imaging unit 320 (FIG. 
4F), and then the third dielectric layer 430 is removed from 
the imaging unit 320 (FIG. 4G). The fourth dielectric layer 
460 remains under the first conductive layer 470 in the 
passageway 452 and on the second side 314 of the first 
substrate 310 in this embodiment. The fourth dielectric layer 
460 can be etched using a dry etch or Spacer etch as 
described above. The third dielectric layer 430 can be 
removed using a Suitable isotropic or anisotropic etch, a 
Washing process, or a CMP process depending on the 
composition of the third dielectric layer 430. 
0073) Referring to FIG. 4H, a second conductive layer 
472 is deposited onto the remaining portions of the first 
conductive layer 470 in the holes 422 and 450. The second 
conductive layer 472 is generally a wetting agent to facilitate 
depositing metals into the passage 452. In one embodiment, 
the second conductive layer 472 is Ni and the first conduc 
tive layer 470 is TiN so that the Nican be plated onto the TiN 
using an electroleSS plating operation. More Specifically, 
when the TiN 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 
chemistry with reduced stabilizer content. The TiN can 
enhance the adhesion and electrical properties to induce 
nucleation. In other embodiments, the passage 452 can be 
coated with Cu, Au, or other Suitable materials using other 
methods, or one or more of the first and Second conductive 
layers 470 and 472 may be omitted. 
0074 Referring next to FIG. 41, a conductive fill mate 
rial 478 is deposited into the passage 452 to form an 
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interconnect 480 extending through the imaging unit 320. In 
one embodiment, the fill material 478 can be solder, copper, 
or other electrically conductive materials, and it is deposited 
into the passage 452 using a Solder wave process. The fill 
material 478 can alternatively be deposited into the passage 
452 by electroplating, Stenciling, placing a pre-formed 
Sphere of metal fill in the passage 452 and melting the 
Sphere, injecting a flowable material into the passage 452, or 
other Suitable methods known to those of skill in the art. 

0075) Referring next to FIG. 4J, a cap 482 is formed at 
one end of the interconnect 480 to electrically couple the 
interconnect 480 with the terminal 352. In one embodiment, 
the cap 482 is Ni that is plated onto the interconnect 480. 
Alternatively, the cap 482 can be omitted by overfilling the 
passage 452 with the fill material 478 such that the fill 
material itself forms a connection to the terminal 352. A 
Solder ball 484 or other external interconnect structure can 
be attached to the interconnect 480 at the second side 314 of 
the first substrate 310 to provide an external connection to 
other electronic devices on the backside of the imaging unit 
32O. 

0076) One feature of the method described above with 
reference to FIGS. 4A-4J is that the passage 452 extends 
through the entire imaging unit 320. The passage 452 is 
accordingly easier to clean and fill than would otherwise be 
the case in certain situations when the passage is “blind' 
(i.e., a passage that extends only partially through the 
workpiece). For example, if the passage 452 has an aspect 
ratio of 25:1, or greater, a blind passage may be difficult to 
fill with metallic materials using known physical vapor 
deposition (PVD), atomic level deposition (ALD), or plating 
processes. The passage 452 mitigates this problem because 
the open through-hole is not subject to "pinch-off, voids or 
other phenomena of filling blind holes. 
0077 FIGS. 5A-5F illustrate a method of forming a 
through-wafer interconnect in accordance with another 
embodiment of the invention. FIG. 5A shows the imaging 
unit 320 at a point in the process that is similar to the 
imaging unit 320 illustrated in FIG. 4C. The method shown 
in FIGS.5A-5F, however, differ from those described above 
with reference to FIGS. 4A-4F in that a third dielectric layer 
is not applied over the second dielectric layer 420 before 
cutting a through-hole through the first Substrate 310. There 
fore, referring to FIG. 5A, a through-hole 450 is formed 
through the first substrate 310 without having the third 
dielectric layer 430 shown in FIG. 4C over the second 
dielectric layer 420. 
0078 FIG. 5B illustrates additional stages of this method 
that are generally Similar to the Steps described above with 
reference to FIG. 4D. In a further aspect of this embodi 
ment, however, after cleaning the through-hole 450, a third 
dielectric layer 530 is deposited onto the imaging unit 320 
to line the sidewall of the through-hole 450 within the first 
substrate 310. In practice, the third dielectric layer 530 
generally covers the terminal 352 and the second dielectric 
layer 420 in addition to the sidewall of the through-hole 450. 
After forming the third dielectric layer 530, the first con 
ductive layer 470 is deposited onto the imaging unit 320. 
0079 Referring next to FIG. 5C, the first conductive 
layer 470 is etched from the horizontal and diagonal Surfaces 
of the imaging unit 320 using a Spacer etch or other process 
as described above with respect to FIG. 4E. Referring to 
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FIG. 5D, the third dielectric layer 530 is etched from the 
upper horizontal and diagonal Surfaces of the imaging unit 
320 to leave portions of the third dielectric layer 453 in the 
passageway 452 and on the second side 314 of the first 
substrate 310. The third dielectric layer 530 is typically 
etched using another spacer etch. The Spacer etch of the third 
dielectric layer 530 should be terminated before etching 
through the second dielectric layer 420. 
0080 Referring to FIG. 5E, the second conductive layer 
472 is then deposited onto the first conductive layer 470, and 
referring next to FIG. 5F the fill material 478 is deposited 
into the passageway 452 to construct a through-wafer inter 
connect 580. The procedure for filling the passageway and 
forming a cap can be generally similar to that described 
above with reference to FIGS. 41-4. 

0081 FIGS. 6A and 6B illustrate another method of 
forming an interconnect in accordance with an embodiment 
of the invention. Referring first to FIG. 6A, the first part of 
this method is similar to the steps described above with 
reference to FIG. 4A, but a hole is not etched in the terminal 
352. Referring next to FIG. 6B, a through-hole 650 is 
formed through both the first Substrate 310 and the terminal 
352. The through-hole 650 can be formed using a laser 
(shown Schematically), etching, or other Suitable processes. 
When the through-hole 650 is formed using a laser, a first 
type of slag (i.e., Silicon) can coat the portion of the Sidewall 
in the first Substrate 310 and a second type of slag (i.e., 
metal) can coat the portion of the sidewall in the terminal 
352. AS Such, it may take two separate cleaning Steps to 
clean the through-hole 650. In general, the cleaning agents 
used to clean the through-hole 650 may be limited to 
chemistries that do not attack or otherwise degrade either the 
terminal 352 or the first Substrate 310. After the through-hole 
650 has been suitably cleaned, the imaging unit 320 can 
undergo additional Steps that are at least generally similar to 
those described above with reference to FIGS. 4C-4J to 
construct a through-wafer interconnect. 
0082 The embodiments described above with reference 
to FIGS. 4A-6B 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 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. 
0.083 FIGS. 7A-9 show additional methods for con 
Structing interconnects for the imaging unit 320. The meth 
ods shown in FIGS. 7A-7H are related to those of FIGS. 
4A-6B, but form an interconnect in a blind hole instead of 
a through-hole. The methods shown in FIGS. 8A-8F are 
also related to those of FIGS. 4A-6B, form interconnects 
from the front side 312 of the first Substrate 310 instead of 
from the backside. 

0084 FIGS. 7A-7H illustrate a method of forming an 
interconnect for the imaging unit 320 (FIG.3) in accordance 
with another embodiment of the invention. FIG. 7A, more 
Specifically, is a Schematic Side croSS-Sectional view of the 
area for the external contact 350 shown in FIG. 3. In this 
embodiment, the first dielectric layer 410 is applied to the 
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first side 312 of the first Substrate 310 and the second 
dielectric layer 420 is applied over the first dielectric layer 
410. A portion of the second dielectric layer 420 is removed 
to expose the terminal 352. The first Substrate 310 can be 
thinned by grinding the backside of the first Substrate 310 to 
form the second side 314 at a desired thickness “T” The 
substrate thickness T can be approximately 200 um-1,000 
lum, 300 um-750 tim, or about 500 um. The second side 314 
of the first substrate 310 can be thinned using chemical 
mechanical planarization (CMP) processes, dry grinding 
processes, or other Suitable grinding procedures. 

0085. After the first substrate 310 is thinned to a thick 
ness T, a third dielectric layer 710 is applied over the second 
side 314 of the first substrate 310. The dielectric layers 
410/420/710 can be a polyimide material, but they can 
alternatively be other non-conductive materials. For 
example, the dielectric layers 410/420/470 can be composed 
of low temperature chemical vapor deposition (low tem 
perature CVD) materials, such as tetraethylorthosilicate 
(TEOS), parylene, silicon nitride (SiN.), silicon oxide 
(SiO), and/or other suitable materials. The dielectric layers 
410/420/710 are generally not composed of the same mate 
rial 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 FIG. 
7A may be omitted. 

0.086 FIGS. 7B-7H illustrate subsequent stages of form 
ing this embodiment of the interconnect. FIG. 7B, for 
example, is a Schematic Side cross-sectional view of the 
imaging unit 320 after a hole or aperture 720 has been 
formed through the first substrate 310 in alignment with a 
corresponding terminal 352. The hole 720 is formed by 
patterning the second side 314 of the first Substrate 310 and 
etching through the first substrate 310 from the second side 
314. The hole 720 can be etched using a process that 
selectively removes material from the first substrate 310 
compared to the first dielectric layer 410. The first dielectric 
layer 410 can accordingly be an etch-stop. 

0087. Referring to FIG. 7C, the first dielectric layer 410 
directly beneath the terminal 352 is etched to expose a 
backside 722 of the terminal 352. The hole 720 and the 
exposed backside 722 of the terminal 352 define a blind hole 
725. For purposes of this specification, a “blind hole” refers 
to a hole or aperture that extends only partially through the 
imaging unit 320 or is otherwise closed at one end. The 
Second etching process for the first dielectric layer 410 can 
be different than the first etching process for the first 
Substrate 310. For example, the Second etching proceSS can 
selectively remove material from the first dielectric layer 
410 at a higher etch rate than from either the first substrate 
310 or the terminal 352. The second etching process accord 
ingly does not alter the general structure of the terminal 352 
and/or the first Substrate 310. In an alternative embodiment, 
the first substrate 310 and the first dielectric layer 410 can be 
etched using a single etch to form the hole 720. 
0088. The hole 720 can alternatively be formed using a 
laser in addition to or in lieu of etching. If a laser is used to 
form all or a portion of the hole 720, it is typically cleaned 
using chemical cleaning agents to remove Slag or other 
contaminants. Although laser cutting the hole 720 may be 
advantageous because the first substrate 310 does not need 
to be patterned, etching the hole 720 may be easier because 
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slag does not need to be cleaned from the hole 720. Another 
advantage of etching the hole 720 is that the hole 720 has 
rounded corners, which reduces StreSS points within the hole 
So that an interconnect constructed within the hole 720 is 
leSS Susceptible to StreSS damage. A further advantage of 
using an etching process is that the Second Side 314 of the 
first Substrate 310 can be patterned and etched to simulta 
neously form a plurality of holes 720 aligned with corre 
sponding terminals 352. Accordingly, etching the holes 720 
may be more efficient than using a laser because the laser 
must be realigned with individual terminals 352 before it 
cuts each hole. 

0089 Referring to FIG. 7D, a fourth dielectric layer 730 
is applied to the imaging unit 320 to line the sidewall of the 
blind hole 725. In the illustrated embodiment the fourth 
dielectric layer 730 also covers the backside 722 of the 
terminal 352 and the third dielectric layer 710. The fourth 
dielectric layer 730 can be a low temperature CVD oxide or 
other Suitable dielectric materials. 

0090 Referring next to FIG. 7E, the fourth dielectric 
layer 730 is etched from the horizontal and diagonal Surfaces 
of the imaging unit 320 using a Spacer etch or dry etch. This 
leaves portions of the fourth dielectric layer 730 lining the 
sidewall of the blind hole 725 to electrically insulate com 
ponents in the first substrate 310 from conductive materials 
Subsequently deposited into the blind hole 725. 
0091 Referring next to FIG. 7F, a first conductive layer 
740 is deposited onto the imaging unit 320 and then etched 
to cover the portion of the fourth dielectric layer lining the 
sidewall of the blind hole 725. In the illustrated embodi 
ment, the first conductive layer 740 is deposited over the 
second side 314 of the imaging unit 320 so that it covers the 
third dielectric layer 710, the fourth dielectric layer 730, and 
the backside 722 of the terminal 352. The first conductive 
layer 740 is generally composed of a metal, such as TiN, but 
in other embodiments the first conductive layer 740 can be 
composed of other suitable materials. The first conductive 
layer 740 is then etched from the horizontal and diagonal 
Surfaces of the imaging unit 320 using a Spacer etch to leave 
the remaining portions of the first conductive layer 740 on 
the fourth dielectric layer 730 in the blind hole 725. 
0092 Referring to FIG. 7G, a second conductive layer 
750 is deposited onto the remaining portions of the first 
conductive layer 740 in the blind hole 725. The second 
conductive layer 750 is a wetting agent that facilitates 
depositing Subsequent metals into the blind hole 725. The 
second conductive layer 750 can be Ni that is deposited onto 
a first conductive layer 740 composed of TiN in an electro 
less plating operation. When the TiN is activated by an 
HF: Pd wet dip, it provides nucleation for the Ni during the 
plating process. In other embodiments, the blind hole 725 
can be coated with Cu or other Suitable materials using other 
methods, or one or more of the first and Second conductive 
layers 740 and 750 may be omitted. 
0093. Referring next to FIG. 7H, a conductive fill mate 
rial is deposited into the blind hole 725 to form an inter 
connect 760 extending through the imaging unit 320. The fill 
material can be Solder, copper, or other electrically conduc 
tive fill materials. The fill material can be deposited into the 
blind hole 725 using a solder wave process, but in other 
embodiments the fill material can be deposited using elec 
troplating, electroless plating, or other Suitable methods. 
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0094) The interconnect 760 has a first end 763 contacting 
the backside 722 of the terminal 352 and a second end 764 
at the second surface 314 of the first Substrate 310. A cap 766 
can be formed at the second end 764 of the interconnect 760 
after depositing the fill material. In one embodiment, the cap 
766 can be Ni electroplated onto the interconnect 760. In 
other embodiments, the cap 766 can be a wetting agent 
and/or other material. A solder ball (not shown) can then be 
attached to the interconnect 760 at the second side 314 of the 
first substrate 310 to provide an external connection to other 
electronic devices on the backside of the imaging unit 320. 
0.095 FIGS. 8A-8F illustrate a method of forming a 
through-wafer interconnect for the imaging unit 320 in 
accordance with another embodiment of the invention. This 
method begins with the first Substrate 310, the first dielectric 
layer 410, the second dielectric layer 420, and the terminal 
352 as shown in FIG. 7A. The process shown in FIGS. 
8A-8F, however, differs from the method shown in FIGS. 
7A-7H in that a hole or aperture is formed from the first side 
312 of the first Substrate 310 instead of the second side 314. 
As such, a mask 810 is applied over the second dielectric 
layer 420 and patterned as shown in FIG. 8A. The mask 810 
can be a layer of resist that is patterned according to the 
arrangement of terminals 352. As such, the mask 810 has 
openings over the terminal 352. 
0096 Referring to FIG. 8B, a hole or aperture 460 is 
formed through at least part of the first Substrate 310. The 
hole 820 extends through the terminal 352, the first dielectric 
layer 410, and a portion of the first substrate 310 defining a 
blind hole 825. The hole 820 is formed by etching through 
the materials using one or more individual etches. The hole 
820 can alternatively be formed using a laser in addition to 
or in lieu of etching. 
0097. Referring next to FIG. 8C, a third dielectric layer 
830 is deposited onto the imaging unit 320 to line the 
Sidewall of the blind hole 825 within the Substrate 310. In 
practice, the third dielectric layer 830 generally covers the 
second dielectric layer 420 and the terminal 352 in addition 
to lining the sidewalls of the blind hole 825. In this embodi 
ment, a first conductive layer 840 is then deposited onto the 
third dielectric layer 830. The first conductive layer 840 can 
be composed of TiN, Cu or other suitable materials. 
0.098 Referring next to FIG. 8D, the first conductive 
layer 840 and the third dielectric layer 830 are etched from 
the horizontal and diagonal Surfaces of the imaging unit 320 
using one or more Spacer etches. This leaves a portion of the 
third dielectric layer 830 lining the sidewall of the blind hole 
825 and a portion of the first conductive layer 840 on the 
third dielectric layer 830. In one embodiment, the first 
conductive layer 840 is etched first using a first spacer etch 
that does not etch the third dielectric layer 830, and then the 
third dielectric layer 830 is etched using a second spacer etch 
that does not etch the first conductive layer 840 in the 
blind-hole 825. 

0099 Referring next to FIG. 8E, a second conductive 
layer 842 is then deposited onto the first conductive layer 
840 and the blind hole 825 (FIG. 8D) is filled with a 
conductive material. The second conductive layer 842 can 
be a wetting agent to facilitate filling the blind hole with the 
conductive fill material. The second conductive layer 842 
can accordingly be Nior another Suitable material deposited 
onto the remaining portions of the first conductive layer 840 
using an electroleSS plating process. 

Dec. 15, 2005 

0100. A conductive fill material is then deposited into the 
blind hole to form an interconnect 860 in the imaging unit 
320. Solder wave processes, plating processes, vapor depo 
Sition processes or other methods can be used to deposit the 
fill material into the blind hole. The interconnect 860 has a 
first end 862 proximate to the terminal and a second end 864 
at the bottom of the blind hole. 

0101 Referring to FIG. 8F, the second side 314 of the 
first Substrate 310 is then thinned using a CMP process. The 
second side 314 of the first Substrate 310 is ground to a 
thickness Tuntil the second end 864 of the interconnect 860 
is exposed. The Substrate thickness T can be approximately 
200 um-1,000 um, 300 um-750 um, or about 500 lum. A 
fourth dielectric layer 870 is applied to the second side 314 
of the first Substrate 310 and then etched to expose the 
second end 864 of the interconnect 860, and a cap 880 is 
formed on the first end 862 of the interconnect 860 to 
electrically couple the terminal 352 to the interconnect 860. 
0102 FIG. 9 illustrates an interconnect 910 in the imag 
ing unit 320 in accordance with another embodiment of the 
invention. This method is related to the method described 
above with reference to FIGS. 7A-7E, and many reference 
numbers in FIG. 9 refer back to those in FIGS. 7A-7E. This 
method differs from the embodiment described above with 
reference to FIGS. 7F-7H in that a first conductive layer and 
a Second conductive layer are not deposited into the blind 
hole 725. Instead, a conductive fill material is plated into the 
blind hole 725 using a bottom-up plating process. The 
plating proceSS can be an electroleSS or an electrolytic 
process. In an electrolytic process, for example, a conductive 
member is pressed against the upper Side of the terminal 352 
while the backside 722 of the terminal 352 contacts a plating 
Solution. A potential is applied between the conductive 
member and the plating Solution to plate ions in the Solution 
onto the backside 722 of the terminal 352. The ions will 
continue to plate onto each other in a bottom-up manner 
until the fill material fills the blind hole 725. The imaging 
unit 320 is then removed from the plating bath and the fill 
material remains in the blind hole 725 thus forming the 
interconnect 910. The interconnect 910 can accordingly 
have a backside end 914 upon which a solder-ball can be 
deposited or other features can be formed. 
0103) C. Optical Device Workpieces for Microelectronic 
Imagers 

0104 FIGS. 10A-19 illustrate several different optical 
device workpieces and embodiments of the opticS fabrica 
tion procedure 204 (FIG. 2). The optical device workpieces 
shown in FIGS. 10A-19 can all be used with the imager 
workpiece 300 shown in FIG. 3 for wafer-level packaging 
of imagers. 

0105 FIGS. 10A and 10B are schematic cross-sectional 
ViewS illustrating a method for manufacturing an optical 
device workpiece 1000 (FIG. 10B) in accordance with an 
embodiment of the invention. The optical device workpiece 
1000 includes a second substrate 1010 having a first side 
1012 and a second side 1014. The Second Substrate 1010 
further includes a plurality of discrete device sites 1020 at 
which individual optical devices 1030 (FIG. 10B) are con 
structed on and/or in the second Substrate 1010. The bound 
aries of the device sites 1020 can be defined by cutting lanes 
C-C along which the second substrate 1010 can be cut to 
Singulate individual optical devices from each other. 
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0106 The second substrate 1010 is transmissive to a 
desired radiation. When the imagers are for use in cameras, 
for example, the Substrate is transmissive to light in the 
visible spectrum. The second substrate 1010, however, can 
be transmissive to ultraViolet light, infrared radiation and/or 
any other Suitable spectrum according to the particular 
application of the imager. The second substrate 1010 can be 
composed of glass, quartz, plastics and/or other materials. 
The second substrate 1010 can also be configured to be 
handled by Semiconductor fabrication equipment. AS Such, 
the second substrate 1010 can be a thin wafer having a 
thickness of approximately 300-1,500 um and a diameter of 
approximately 200-300 um, or it can have other dimensions 
Suitable for being handled by automatic fabrication equip 
ment. 

0107 Referring to FIG. 10B, the method continues by 
producing a plurality of optics elements 1050 on the second 
substrate 1010. The optical device workpiece 1000 typically 
has an optics element 1050 at each of the device sites 1020. 
The optics elements 1050 can be on the first side 1012 and/or 
the second side 1014 of the Second Substrate 1010. For 
example, the optics elements 1050 can include a first optic 
member (shown in solid lining) on the first side 1012 of the 
Second Substrate 1010 at the device sites 1020. In other 
embodiments, the optics elements 1050 can include a second 
optic member (shown in broken lining) on the Second Side 
1014 of the second Substrate 1010 in addition to or in-lieu of 
the first optic member. 

0108). The optics elements 1050 are configured to 
manipulate the radiation for use by the image sensors 330 
(FIG. 3). For example, the optics elements 1050 can be 
lenses that direct the radiation for focusing, dispersing 
and/or removing higher order detractions from the radiation. 
Such optics elements 1050 can be lenses having a curvature 
and/or a pin-hole aperture. AS explained in more detail 
below, the optics elements 1050 can be produced by molding 
a compound onto the second substrate 1010 or molding 
lenses separately from the second substrate 1010. The optics 
elements 1050 can also be produced by etching the second 
substrate 1010 or a layer of material on the second substrate 
1010, and/or attaching individual optics elements to the 
Second Substrate 1010. 

0109 FIG. 11 is a schematic cross-sectional view illus 
trating an optical device workpiece 1100 in accordance with 
another embodiment of the invention. The optical device 
workpiece 1100 is similar to the optical device 1000, and 
thus like reference numbers refer to like components in 
FIGS. 10A-11. The optical device workpiece 1100 is dif 
ferent than the optical device workpiece 1000 in that the 
optical device workpiece 1100 includes a filter 1110 on the 
second substrate 1010. The filter 1110 can be a single thin 
film or a stack of several films deposited onto the first or 
Second sides 1012 or 1014 of the Second Substrate 1010. The 
filter 1110, for example, can be an IR filter to prevent 
infrared radiation from passing through the optics elements 
1050. The filter 1110 can have several other embodiments 
for filtering other Spectrums in addition to or in lieu of 
infrared radiation. In other embodiments, the filter 1110 can 
be formed on the optics elements 1050 instead of the second 
substrate 1010. The filter 1110 can accordingly be a layer of 
material that is “over the second Substrate 1010 in the sense 
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that it can be directly on the second substrate 1010, the 
optics elements 1050, or another component attached to the 
Second Substrate 1010. 

0110 FIG. 12 is a schematic cross-sectional view illus 
trating an optical device workpiece 1200 in accordance with 
another embodiment of the invention. Like reference num 
bers refer to like components in FIGS. 10B and 12. The 
optical device workpiece 1200 has a plurality of optics 
elements 1210, and each optics element 1210 is located at a 
device site 1020. The optics elements 1210 shown in FIG. 
12 are formed with a common base 1211, and each optics 
element 1210 has a lens 1212 including a curved surface 
1220 for directing the radiation as it passes through the 
optics element 1210. The curved surfaces 1220, which are 
shown schematically in FIG. 12, can have any combination 
of conveX and/or concave curvatures with respect to the 
second substrate 1010 to provide the desired optics. 
0111. The optics elements 1210 shown in FIG. 12 are 
formed by molding a compound to form the base 1211 and 
individual lenses 1212. For example, the optics elements 
1210 can be formed by an injection molding proceSS in 
which the base 1211 is molded onto the second Substrate 
1010 and the lenses 1212 are molded integrally with the base 
1211. Alternatively, the optics elements 1210 can be molded 
separately from the second substrate 1010 as a single unit, 
and then the base 1211 is attached to the second Substrate 
1010 with an adhesive. The optics elements 1210 are accord 
ingly made from a Suitable compound Such as glass, quartz, 
plastics and/or other materials that can be molded into the 
desired shape and provide the desired transmission proper 
ties for the radiation. 

0112 Several embodiments of the optical device work 
pieces shown in FIGS. 10A-12 can significantly improve 
the quality of microelectronic imagers. For example, very 
Small optics elements can be formed on the optical device 
Workpieces within demanding tolerances. This is possible 
because the optics elements are formed using processes 
developed for manufacturing microelectronic devices. Thus, 
the embodiments of the optical devices in FIGS. 10A-12 can 
be Smaller and/or produce better results because they can be 
formed and assembled with a high degree of precision. 
0113 Several embodiments of the optical device work 
pieces are further expected to improve the efficiency of 
packaging imagers compared to the manual process of 
packaging the conventional imager shown in FIG. 1. First, 
a plurality of imaging units and optics elements can be 
fabricated Simultaneously at the wafer level using Semicon 
ductor fabrication techniques. Second, as explained in more 
detail below with reference to FIGS. 20A-22B, a plurality of 
the optical devices can be attached to a corresponding 
plurality of the imaging units at the wafer level using 
automated equipment. This accordingly eliminates manually 
positioning individual lenses with respect to individual 
imaging Sensors, which should significantly enhance the 
throughput and yield of packaging microelectronic imagers. 

0114 FIG. 13 is a schematic cross-sectional view illus 
trating an optical device workpiece 1300 in accordance with 
another embodiment of the invention. The optical device 
workpiece 1300 is substantially similar to the optical device 
workpiece 1200 shown in FIG. 12, but the optical device 
workpiece 1300 includes a filter 1310 between the second 
substrate 1010 and the optics elements 1210. As explained 
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above, the filter 1310 can be on the other side of the second 
substrate 1010 or on the exterior Surfaces of the optics 
elements 1210. The filter 1310 prevents or otherwise inhibits 
undesirable radiation from passing through the optical 
devices. 

0115 FIG. 14A and 14B are schematic cross-sectional 
ViewS illustrating a method for manufacturing an optical 
device workpiece 1400 (FIG. 14B) in accordance with 
another embodiment of the invention. Referring to FIG. 
14A, this method includes providing a substrate 1410 having 
a first side 1412, a second side 1414, and a plurality of the 
device sites 1020. The Substrate 1410 shown in FIG. 14A is 
substantially similar to the second substrate 1010 shown in 
FIG. 10A, but the Substrate 1400 is patterned with a mask 
1420 (shown schematically without apertures) to form the 
optics elements by etching the substrate 1410. The mask 
1420 can be a layer of resist or other material that is 
patterned as known in the art of Semiconductor manufac 
turing. 

0116 FIG. 14B illustrates the optical device workpiece 
1400 after etching a plurality of optics elements 1450 into 
the substrate 1410. The optics elements 1450 typically 
include a curved surface 1460 that can have any desired 
curvature as described above with reference to the curved 
surface 1220 (FIG. 12). The optics elements 1450 are 
typically etched using a plurality of Separate mask/etch Steps 
to form the desired curvature(s) for the curved surfaces 
1460. The particular mask/etch Steps can be developed 
according to the parameters of the particular design of the 
optical devices using mask/etch technology developed in 
Semiconductor manufacturing for reticles and other equip 
ment. 

0117 FIGS. 15A and 15B are schematic cross-sectional 
Views of a method for manufacturing an optical device 
workpiece 1500 (FIG. 15B) in accordance with another 
embodiment of the invention. The optical device workpiece 
1500 is fabricated using an etching process that is similar to 
the process described above with reference to FIGS. 14A-B. 
Referring to FIG. 15A, the optical device workpiece 1500 is 
constructed by providing a substrate 1510 having a first side 
1512 and a second side 1514. This method continues by 
depositing a layer of lens material 1520 onto the substrate 
1510 and patterning the lens material 1520 with a mask 1530 
(shown schematically without apertures). Referring to FIG. 
15B, the layer of lens material 1520 is etched using one or 
more mask/etch Steps to form a plurality of optics elements 
1550 on the substrate 1510. The optics elements 1550 are 
located at corresponding device Sites 1020, and the optics 
elements 1550 have a desired surface 1560 for manipulating 
the radiation as it passes through the optics elements 1550. 
The optics elements 1550 can be different from the optics 
elements 1450 shown in FIG. 14B in that the optics ele 
ments 1550 can be composed of a different material than a 
substrate 1510. For example, the substrate 1510 can be a 
quartz plate and the optics elements 1550 can be plastic or 
another material having the desired configuration and trans 
missivity to manipulate the radiation accordingly. 

0118 FIGS. 16A and 16B are schematic cross-sectional 
ViewS illustrating another method for manufacturing an 
optical device workpiece 1600 (FIG. 16B) in accordance 
with an embodiment of the invention. The optical device 
workpiece 1600 includes the second substrate 1010 
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described above and a plurality of Separate optics elements 
1650. The optics elements 1650 are produced by molding 
and/or etching lenses Separately from the Second Substrate 
1010 and then attaching the lenses to the Substrate. In one 
embodiment, the optics elements 1650 are etched from a 
Substrate made from the same material or a different material 
than that of the second substrate 1010. Alternatively, the 
optics elements 1650 can be molded as a single unit that is 
Subsequently cut into individual optics elements 1650, or the 
optics elements 1650 can be molded as individual pieces. 
Referring to FIG. 16B, the optics elements 1650 are 
attached to the second Substrate 1010 at the device sites 1020 
to form a plurality of optical devices 1660 on the optical 
device workpiece 1600. 

0119) The various features illustrated in the optical device 
workpieces shown in FIGS. 10A-16B can be combined to 
form other optical device workpieces. FIGS. 17 and 18, for 
example, are Schematic cross-sectional views illustrating 
optical device workpieces 1700 and 1800, respectively, in 
accordance with additional embodiments of the invention. 
The optical device workpiece 1700 shown in FIG. 17 can 
have a first section 1702 and a second section 1704. The first 
section 1702 can include a plurality of first optic members 
1710 having first curved surfaces 1712, and the second 
section 1704 can have a plurality of second optic members 
1720 having second curved surfaces 1722. The first and 
Second curved surfaces 1712 and 1722 can be different from 
one another according to the particular applications of the 
microelectronic imager. The first and Second optic members 
1710 and 1720 together define discrete optics elements 1750 
at the device sites 1020. 

0120) The first section 1702 can be formed by molding a 
material to shape the first optic members 1710 and a base 
1714. The base 1714 can be characterized as a Substrate in 
the sense that it interconnects the first optic members 1710. 
Alternatively, the first section 1702 can be formed by 
etching the first optic members 1710 from a substrate. The 
second section 1704 can be formed by etching or molding 
the second optic members 1720 in a manner similar to the 
first section 1702. The first and second sections 1702 and 
1704 are then assembled to form the optical device work 
piece 1700. 

0121 The optical device workpiece 1800 shown in FIG. 
18 illustrates another combination of components. The opti 
cal device workpiece 1800 includes the second substrate 
1010, a first section 1802 having a plurality of first optic 
members 1810 on one side of the second Substrate 1010, and 
a second section 1804 having a plurality of second optic 
members 1820 on the other side of the second Substrate 
1010. The first optic members 1810 can be similar to the 
molded optics elements 1210 shown in FIGS. 12 and 13, or 
the etched optics elements 1450 shown in FIG. 14B. The 
second optic members 1820 of the second section 1804 can 
be similar to the optics elements 1550 shown in FIG. 15B 
or the optics elements 1650 shown in FIG. 16B. 

0.122 FIG. 19 is a schematic cross-sectional view illus 
trating another optical device workpiece 1900 in accordance 
with another embodiment of the invention. The optical 
device workpiece 1900 includes the second substrate 1010 
with the device sites 1020 and a plurality of optics elements 
1950 at the device sites 1020. The optics elements 1950 can 
include a first section 1902 and a second section 1904. The 
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first section 1902 includes first optic members defined by a 
plurality of pin-hole apertures 1960 in an opaque layer 1962. 
The second section 1904 can include a plurality of second 
optic members 1970. The second optic members 1970 can 
be formed according to any of the embodiments for con 
structing the optics elements shown in FIGS. 10A-18. The 
pin-hole apertures 1960 and the second optic members 1970 
together define the optics elements 1950. 
0123. It will be appreciated that various modifications 
may be made to several of the embodiments of the optical 
device workpieces in FIGS. 10A-19. For example, the 
pin-hole apertures shown in FIG. 19 can be combined with 
any of the optical device workpieces shown in FIGS. 
10A-18. Additionally, the term “substrate” can include 
wafer-like Substrates and/or molded base sections of the 
optical device workpieces. 
0.124 D. Wafer-level Packaging of Microelectronic 
Imagers 

0125 FIGS. 20A-22B illustrate several methods of the 
assembly procedure 206 (FIG. 2) for wafer-level packaging 
of microelectronic imagers using the imager workpiece 300 
(FIG. 3) and the optical device workpiece 1000 (FIG. 10B). 
The imager workpiece 300 can have any of the interconnects 
shown above in FIGS. 4A-9, and the optical device work 
piece can be any of those described above with reference to 
FIGS. 10A-19. Like reference numbers accordingly refer to 
similar components in FIGS. 3, 10B and 20A-22B. 
0.126 FIG. 20A is a side cross-sectional view showing a 
portion of a wafer-level microelectronic imager assembly 
2000 in which the imager workpiece 300 is aligned with the 
optical device workpiece 1000 as part of the assembly 
procedure 206 (FIG.2). In addition to the imager workpiece 
300 and the optical device workpiece 1000, the imager 
assembly 2000 can also include a spacer 2010. In the 
embodiment shown in FIG. 20A, the spacer 2010 includes 
a plurality of Stand-offs 2012 that position the image Sensors 
330 and corresponding optics elements 1050 relative to each 
other and provide Sealed cells in which individual image 
sensors 330 are contained. The individual stand-offs 2012 
can each include a first referencing element 2020 projecting 
from the first substrate 310 and a second referencing element 
2030 projecting from the second substrate 1010. The first 
and second referencing elements 2020 and 2030 can be 
Similar to any of the referencing elements shown and 
described in U.S. patent application Ser. No. 10/723,366, 
entitled “Packaged Microelectronic Imagers and Methods 
for Packaging Microelectronic Imagers,” which is herein 
incorporated by reference in its entirety. The spacer 2010, 
however, can have other embodiments Such that packaged 
microelectronic devices in accordance with the invention are 
not limited to the spacer 2010 shown in FIGS. 20A and 
20B. For example, the stand-offs between the optical devices 
1030 and the imaging units 320 do not need to have separate 
referencing elements as shown in FIG. 20A, but rather they 
can be single components constructed on just one of the first 
or Second Substrates 310 or 1010. 

0127 FIG.20B is a schematic cross-sectional view illus 
trating a plurality of microelectronic imagers 2050 that have 
been packaged at the wafer level in accordance with one 
embodiment of the assembly procedure 206 (FIG. 2). The 
imagers 2050 can be assembled by seating each first refer 
encing element 2020 with a corresponding one of the Second 
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referencing elements 2030. In this embodiment, the first and 
second referencing elements 2020 and 2030 are seated 
together before cutting either the first Substrate 310 or the 
Second Substrate 1010 Such that all of the microelectronic 
imagers 2050 are assembled at the wafer level. The first 
Substrate 310 and the second Substrate 1010 can then be cut 
along lines A-A to separate the individual imagers 2050 
from each other. The first and second Substrates 310 and 
1010 can be cut simultaneously using either a single blade 
that cuts through both of the substrates or two different 
blades that each cut through a single one of the Substrates. 
In other embodiments, the first and second Substrates 310 
and 1010 can be cut in two separate stages in which one of 
the Substrates is cut first and then the other Substrate is cut 
Second. 

0128 FIGS. 21A and 21B illustrate a different embodi 
ment of the assembly procedure 206 shown in FIG.2. In this 
embodiment, the second substrate 1010 of the optical device 
workpiece 1000 has been cut to singulate the individual 
optical devices 1030 before attaching the optical devices 
1030 to the imaging units 320. Referring to FIG. 21 B, each 
one of the separated optical devices 1030 is mounted to a 
corresponding one of the imaging units 320, and the first 
substrate 310 is cut along lines A-A to separate individual 
imaging units 2150 from each other. One advantage of this 
embodiment is that the imager workpiece 300 can be probed 
to determine “known-good” imaging units 320 before 
attaching the optical devices 1030 to the imaging units 320. 
AS Such, the optical devices 1030 can be attached to only the 
known-good imaging units 320 to avoid wasting good 
optical devices. 
0129 FIGS. 22A and 22B illustrate another embodiment 
of the assembly procedure 206 of FIG. 2. In this embodi 
ment, the first Substrate 310 is cut along lines A-A to Separate 
individual imaging units 320 from each other before fixing 
the optical devices 1030 and the imaging units 320 together. 
Referring to FIG. 22B, the separated imaging units 320 are 
fixed relative to the optical devices 1030 before cutting the 
second substrate 1010 to form a plurality of imaging units 
2250. The second substrate 1010 is then cut along lines A-A 
to separate the imagers 2250 from each other. As with the 
assembly procedure described above with reference to 
FIGS. 21A-21 B, an advantage of the embodiment of the 
assembly procedure shown in FIGS. 22A-22B is that only 
known-good imaging units 320 can be fixed relative to the 
optical devices 1030 to avoid wasting optical devices. 
0.130 Wafer-level packaging of the microelectronic 
imagers 2050/2150/2250 (shown in FIGS. 20B, 21B and 
22B) is enabled, at least in part, by: (a) forming an imaging 
Workpiece in which individual imaging units have backside 
arrays of external contacts; and (b) forming an optical device 
Workpiece with a plurality of individual optical devices 
arranged in a pattern corresponding to the pattern of the 
imaging units on the imaging workpiece. Because the 
through-wafer interconnects provide an array of external 
contacts on the backside of the imaging units, it is not 
necessary to wire bond bond-pads on the front Side to 
external devices. The front Side of the imager workpiece can 
accordingly be covered early on in the packaging process. 
This enables the process of (a) fabricating a plurality of 
imaging units at the wafer level on one Substrate, (b) 
fabricating a plurality of optical devices at the wafer level on 
another Substrate, and (c) assembling a plurality of the 
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optical devices with a corresponding plurality of imaging 
units using automated equipment. Compared to conven 
tional processes that assemble the optical devices with the 
imaging units by hand, the wafer-level processes described 
above are not only much faster, but also significantly more 
accurate. Therefore, the wafer-level processes described 
above with through-wafer interconnects significantly 
enhance the throughput and quality of packaged microelec 
tronic imagers. 
0131) Another advantage of the microelectronic imagers 
2050/2150/2250 is that they occupy less real estate on the 
boards in cell phones, PDAs, or other types of devices. 
Because the through-wafer interconnects in the imagers 
2050/2150/2250 eliminate the need for an interposer sub 
Strate to provide external electrical contacts, the footprint of 
the imagers can be the same as that of the imaging unit 320 
instead of the interposer Substrate. The area occupied by the 
imagerS is accordingly less than conventional imagers 
because the footprint of the individual imaging units 320 is 
Significantly Smaller than that of the interposer Substrate. 
Furthermore, the imagers 2050/2150/2250 have a lower 
profile because eliminating the interposer substrate 20 (FIG. 
1) from the packaged device reduces the profile by the 
thickness of the interposer substrate. The imagers 2050/ 
2150/2250 also eliminate the height of the housing 30 (FIG. 
1) because the optical devices formed in the methods 
described above with reference to FIGS. 10A-19 integrate 
the cover and the optics together. Therefore, the time and 
costs for (a) mounting an imaging unit to an interposer 
Substrate and (b) attaching an individual housing to a die are 
eliminated. This results in greater throughput, lower pack 
aging costs, and Smaller imagers. 
0132 A further advantage of wafer-level imager packag 
ing is that the microelectronic imagers 2050/2150/2250 can 
be tested from the backside of the imaging units 320 at the 
wafer level before the individual imagers are singulated. A 
test probe can test the individual microelectronic imagers 
using the through-wafer interconnects and backside electri 
cal contact pads. Accordingly, because the test probe 
engages contact pads on the backside of the imagers, it will 
not damage the image sensors 330, the optical devices 1030, 
or associated circuitry on the front of the microelectronic 
imagers. Moreover, the test probe cannot obstruct the image 
sensors 330 during a backside test, which allows the test 
probe to test a larger number of imaging units 320 at one 
time compared to processes that test imaging dies from the 
front Side. It is accordingly more efficient in terms of cost 
and time to test the microelectronic imagers at the wafer 
level (i.e., before Singulation) than to test each imager from 
the front Side of the dies. Furthermore, it is advantageous to 
test the microelectronic imagers in an environment where 
the individual image sensors 330 and/or optics units 1050 
will not be damaged during testing. 
0.133 Yet another advantage of wafer-level processing is 
that the first Substrate 310 can be singulated after assembling 
the optical devices 1030 to the imaging units 320. The 
optical devices 1030 can accordingly protect the imager 
Sensors 330 from particles generated during the Singulation 
process. Thus, the likelihood that the image sensors 330 will 
be damaged during Singulation and Subsequent handling is 
Significantly reduced. 
0134 FIGS. 23A-23P illustrate a different embodiment 
of a wafer-level packaging process that provides a backside 
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array of contact pads in accordance with another embodi 
ment of the invention. FIGS. 23A-23P are all Schematic 
croSS-Sectional views illustrating Sequential Stages of this 
method. Like reference numbers accordingly refer to like 
components throughout FIGS. 23A-23P. 
0135 FIG. 23A illustrates an imager workpiece 2302 
and a spacer 2304 attached to the imager workpiece 2302. 
The imager workpiece 2302 includes a first substrate 2310 
having a front side 2311 and a backside 2312. The imager 
workpiece 2302 can further include a plurality of micro 
electronic image Sensors 2320 operatively coupled to inte 
grated circuitry (not shown) within the substrate 2310 and 
front side terminals 2330 electrically coupled to the inte 
grated circuitry. The spacer 2304 includes a plurality of 
standoffs 2340 between the image sensors 2320. The stand 
offs 2340, for example, can be a unitary grid formed on top 
of the front side terminals 2330. Referring to FIG. 23B, an 
adhesive 2342 is applied to the upper ends of the standoffs 
2340 to receive an optical device workpiece. 
0136 FIG. 23C illustrates an assembly 2300 including 
the imager workpiece 2302, the spacer 2304, and an optical 
device workpiece 2350. The optical device workpiece 2350 
includes a second Substrate 2352, a filter 2354 on the second 
substrate 2352, and a plurality of optics elements 2360. The 
optics elements 2360 can include a plurality of pin-hole 
apertures 2362 and a plurality of focus lenses 2364 (shown 
schematically). The optics elements 2360, however, can 
have several other embodiments in which the pin-hole 
apertures 2362 and/or the focus lenses 2364 are either 
different or omitted as described above with reference to 
FIGS. 10A-19. 

0137 FIG. 23D illustrates the assembly 2300 after the 
first Substrate 2310 has been thinned to a desired thickness 
“T” A layer of resist 2370 is deposited onto the backside 
2312 of the first substrate 2310 and patterned to have 
apertures 2372 generally aligned with the front side termi 
nals 2330 (FIG.23E). The first substrate 2310 is then etched 
to form holes 2380 under the front side terminals 2330 (FIG. 
23F). The etching process in FIG. 23F can be isotropic, but 
anisotropic etches can also be used. 
0138 FIGS. 23G-23H illustrate additional procedures in 
this process. Referring to FIG. 23G, the layer of resist 2370 
is removed, and a dielectric layer 2400 is then deposited 
onto the backside of the first substrate 2310 (FIG. 23H). 
Following the dielectric layer 2400, a layer of resist 2410 is 
then deposited onto the dielectric layer 2400 and patterned 
to have a plurality of apertures 2412 generally aligned with 
the front side terminals 2330 (FIG. 231). 
0139 FIGS. 23J-23P illustrate the final stages of form 
ing backside contact pads on the assembly 2300. After 
patterning the layer of resist 2410 as shown in FIG. 231, the 
dielectric layer 2400 and the first Substrate 2310 are etched 
to expose the backside of the terminals 2320 (FIG. 23J). 
The layer of resist 2410 is then stripped from the assembly 
2300, and a layer of metal 2500 or other conductive material 
is deposited onto the backside of the assembly 2300 (FIG. 
23K). A layer of resist 2510 is then deposited onto the metal 
layer 2500 and patterned to have apertures 2512 (FIG. 
23K). The metal layer 2500 is then etched through apertures 
2512 of the resist layer 2510 to form openings 2520 in the 
metal layer 2500 (FIG. 23L). Referring to FIG. 23M, 
another dielectric layer 2600 is then deposited onto the 
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backside of the assembly and patterned to have apertures 
2610 over corresponding sections of the metal layer 2500. 
The apertures 2610 are then filled with a metal to form 
backside contact pads 2612. The metal can be plated into the 
apertures 2512 using an electroplating or electroleSS plating 
process, or the metal can be deposited into the apertures 
2512 using solder-wave or stenciling processes. FIG. 230 
illustrates the assembly 2300 after solder balls or other 
interconnect structures 2620 are deposited onto the backside 
contact pads 2612, and FIG. 23P illustrates the assembly 
2300 after cutting the imaging workpiece 2302 and the 
optical device workpiece 2350 to form individual imagers 
2700. 

0140. The individual imagers 2700 provide many of the 
same features as the imagers 2050/2150/2250 described 
above with reference to FIGS. 20B, 21 B and 22B. The 
metal layer 2500 provide backside interconnects to the 
backside contact pads 2612. As such, the imagers 2700 are 
also expected to have similar advantages as the imagers 
2050/2150/2250 described above. 

0141 From the foregoing, it will be appreciated that 
specific embodiments of the invention have been described 
herein for purposes of illustration, but that various modifi 
cations may be made without deviating from the Spirit and 
Scope of the invention. The features and components of any 
of the embodiments shown above can be interchanged with 
each other in additional embodiments of the invention. For 
example, the stand-offs 2340 of the spacer 2304 shown in 
FIGS. 23A-23P can be substituted for the spacer in FIGS. 
20A-22B. Accordingly, the invention is not limited except as 
by the appended claims. 

I/We claim: 
1. A method of packaging a microelectronic imager, 

comprising: 
providing an imager workpiece comprising a first Sub 

Strate and a plurality of imaging units formed on and/or 
in the first Substrate, wherein individual imaging units 
comprise an image Sensor, an integrated circuit formed 
in the first Substrate and electrically coupled to the 
image Sensor, and a plurality of external electrical 
contacts coupled to the integrated circuit and having 
contact pads arranged on the first Substrate; 

providing an optical device workpiece having a Second 
Substrate and a plurality of optical devices formed on 
and/or in the Second Substrate, wherein individual 
optical devices comprise an optics element; and 

assembling the optical devices with corresponding imag 
ing units So that an optics element of one optical device 
is positioned at a desired location with respect to an 
image Sensor of a corresponding imaging unit before 
cutting the first Substrate and/or the Second Substrate. 

2. The method of claim 1 wherein the first Substrate 
comprises a wafer having front Side and a backside, the 
image Sensors are at the front Side of the wafer, and the 
contact pads are at the backside of the wafer, and wherein 
providing the imager workpiece comprises constructing 
through-wafer interconnects extending through at least a 
portion of the wafer to electrically couple contact pads to 
corresponding integrated circuits. 

3. The method of claim 1 wherein providing the imager 
Workpiece comprises forming the image Sensors on a front 
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Side of the first Substrate and forming the contact pads on a 
backside of the first Substrate, and wherein the front side 
faces toward the optical device workpiece and the backside 
faces away from the optical device workpiece. 

4. The method of claim 1 wherein the optics elements 
comprise lenses configured to direct radiation to correspond 
ing image Sensors, and providing the optical device work 
piece comprises producing lenses on the Second Substrate in 
a pattern corresponding to a pattern of the image Sensors on 
the first Substrate. 

5. The method of claim 4 wherein producing the lenses 
comprises molding the lenses on the Second Substrate, 
etching the lenses into the Second Substrate and/or attaching 
the lenses to the Second Substrate. 

6. The method of claim 1 wherein the optics elements 
comprise lenses arranged in a pattern on the Second Substrate 
corresponding to a pattern of the image Sensors on the first 
Substrate, and wherein assembling the optical devices with 
corresponding imaging units comprises: 

aligning the lenses with corresponding image Sensors, 
spacing the first Substrate apart from the Second Substrate 

by a desired distance; and 
fixing the first Substrate relative to the Second Substrate. 
7. The method of claim 1, further comprising: 
providing a Spacer between the imager workpiece and the 

optical device workpiece; and 
fixing the imager workpiece to one portion of the spacer 

and fixing the optical device workpiece to another 
portion of the spacer to fix the first Substrate relative to 
the Second Substrate with the first and Second Substrates 
being Separated by a desired distance, wherein the 
Spacer has a plurality of openings arranged Such that 
individual openings are aligned with a corresponding 
image Sensor and a corresponding optics element. 

8. The method of claim 1, further comprising: 
providing a Spacer having a plurality of Stand-offs, and 

wherein each Stand-off has an opening, and 
arranging the imager workpiece, the Stand-offs and the 

optical device workpiece So that the imager workpiece 
is fixed to one portion of the Stand-offs and the optical 
device workpiece is fixed to another portion of the 
Stand-offs, wherein an individual image Sensor and a 
corresponding optics element are aligned with an open 
ing of one of the Stand-offs. 

9 The method of claim 1 wherein: 

the optical devices are assembled with corresponding 
imaging units before cutting either of the first Substrate 
or the Second Substrate; and 

the method further comprises cutting the first and Second 
Substrates to Singulate individual imagers from each 
other. 

10. The method of claim 1 wherein: 

the Second Substrate is cut to Singulate the optical devices 
from each other before assembling the optical devices 
with corresponding imaging units, and 

the method further comprises (a) attaching separate opti 
cal devices to corresponding imaging units and (b) 
cutting the first Substrate to Singulate the imaging units 
from each other. 
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11. The method of claim 1 wherein: 

the first Substrate is cut to Singulate the imaging units from 
each other before assembling the optical devices with 
corresponding imaging units, and 

the method further comprises (a) attaching Separate imag 
ing units to corresponding optical devices and (b) 
cutting the Second Substrate to Singulate the optical 
devices from each other. 

12. A method of packaging a microelectronic imager, 
comprising: 

providing an imager workpiece comprising a first Sub 
Strate, a plurality of microelectronic image Sensors 
arranged in a pattern on the first Substrate, and cutting 
lanes between adjacent image Sensors, 

providing an optical device workpiece comprising a Sec 
ond Substrate and a plurality of optics elements 
arranged on the Second Substrate at least generally in 
the pattern of the image Sensors on the first Substrate; 

fixing the imager workpiece relative to the optical device 
Workpiece So that individual image Sensors on the first 
Substrate are aligned with corresponding optics ele 
ments on the Second Substrate; and 

cutting the first and Second Substrates along the cutting 
lanes after fixing the imager workpiece relative to the 
optical device workpiece. 

13. The method of claim 12 wherein the first Substrate 
comprises a wafer having front Side and a backside, the 
image Sensors are at the front Side of the wafer, and the 
imager workpiece further comprises a plurality of contact 
pads at the backside of the wafer, and wherein providing the 
imager workpiece comprises constructing through-wafer 
interconnects extending through at least a portion of the 
wafer to electrically couple the contact pads to correspond 
ing integrated circuits. 

14. The method of claim 12 wherein providing the imager 
Workpiece comprises forming the image Sensors on a front 
Side of the first Substrate and forming a plurality of contact 
pads on a backside of the first Substrate, and wherein the 
front Side faces toward the optical device workpiece and the 
backside faces away from the optical device workpiece. 

15. The method of claim 12, further comprising: 
providing a Spacer between the imager workpiece and the 

optical device workpiece; and 
fixing the imager workpiece to one portion of the Spacer, 

and fixing the optical device workpiece to another 
portion of the spacer to fix the first Substrate relative to 
the Second Substrate with the first and Second Substrates 
being Separated by a desired distance, wherein the 
Spacer has a plurality of openings arranged Such that 
individual openings are aligned with a corresponding 
image Sensor and a corresponding optics element. 

16. The method of claim 12, further comprising: 
providing a spacer having a plurality of Stand-offs, and 

wherein each Stand-off has an opening, and 
arranging the imager workpiece, the Stand-offs and the 

optical device workpiece So that the imager workpiece 
is fixed to one portion of the Stand-offs and the optical 
device workpiece is fixed to another portion of the 
Stand-offs, wherein an individual image Sensor and a 
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corresponding optics element are aligned with an open 
ing of one of the Stand-offs. 

17. A method of packaging a microelectronic imager, 
comprising: 

forming a plurality of imaging units on and/or in a first 
Substrate having a front Side and a backside, each 
imaging unit having an image Sensor at the front Side of 
the first Substrate and external contact pads at the 
backside of the first substrate operatively coupled to the 
image Sensor, 

fabricating a plurality of optical devices on and/or in a 
Second Substrate, each optical device having an optics 
element; and 

fixing the imaging units relative to the optics elements in 
a Spaced apart relationship before cutting the first 
Substrate and/or the Second Substrate, wherein the 
image Sensors are Sealed in discrete compartments in 
alignment with a corresponding one of the optics 
elements. 

18. The method of claim 17 wherein the optics elements 
comprise lenses configured to direct radiation to correspond 
ing image Sensors, and fabricating a plurality of optical 
devices comprises producing lenses on the Second Substrate 
in a pattern corresponding to a pattern of the image Sensors 
on the first Substrate. 

19. The method of claim 18 wherein producing the lenses 
comprises molding the lenses on the Second Substrate, 
etching the lenses into the Second Substrate and/or attaching 
the lenses to the Second Substrate. 

20. The method of claim 17 wherein the optics elements 
comprise lenses arranged in a pattern on the Second Substrate 
corresponding to a pattern of the image Sensors on the first 
Substrate, and wherein fixing the imaging units relative to 
the optics elements comprises: 

aligning the lenses with corresponding image Sensors, 

spacing the first Substrate apart from the Second Substrate 
by a desired distance; and 

fixing the first Substrate relative to the Second Substrate. 
21. The method of claim 17, further comprising: 

providing a Spacer between the first Substrate and the 
Second Substrate, and 

fixing the first Substrate to one portion of the Spacer and 
fixing the Second Substrate to another portion of the 
Spacer to fix the first Substrate relative to the Second 
Substrate with the first and Second Substrates being 
Separated by a desired distance, wherein the Spacer has 
a plurality of openings arranged Such that individual 
openings are aligned with a corresponding image Sen 
Sor and a corresponding optics element. 

22 The method of claim 17 wherein: 

the imaging units are fixed relative to the optics elements 
before cutting either of the first substrate or the second 
Substrate; and 

the method further comprises cutting the first and Second 
Substrates to Singulate individual imagers from each 
other. 
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23. The method of claim 17 wherein: 

the Second Substrate is cut to Singulate the optical devices 
from each other before the imaging units are fixed 
relative to the optics elements, and 

the method further comprises (a) attaching separate opti 
cal devices to corresponding imaging units and (b) 
cutting the first Substrate to Singulate the imaging units 
from each other. 

24. The method of claim 17 wherein, 

the first Substrate is cut to Singulate the imaging units from 
each other before the imaging units are fixed relative to 
the optics elements, and 

the method further comprises (a) attaching Separate imag 
ing units to corresponding optical devices and (b) 
cutting the Second Substrate to Singulate the optical 
devices from each other. 

25. A method of packaging a microelectronic imager, 
comprising: 

forming a plurality of imaging units on and/or in a first 
Substrate, the imaging units being arranged in a die 
pattern, and individual imaging units having an image 
Sensor and an array of external contact pads electrically 
coupled to the image Sensor; 

fabricating a plurality of optical devices on and/or in a 
Second Substrate, the optical devices being arranged in 
a device pattern at least generally corresponding to the 
die pattern of the imaging units, and individual optical 
devices having an optics element; 

constructing a Spacer having individual openings 
arranged to be aligned with the die pattern and the 
device pattern; and 

fixing the first Substrate relative to the Second Substrate 
with the Spacer assembly between the first and Second 
Substrates, wherein individual imaging Sensors on the 
first Substrate are aligned with (a) a corresponding one 
the openings of the spacer assembly and (b) a corre 
sponding one of the optics elements on the Second 
Substrate. 

26. The method of claim 25 wherein the first Substrate 
comprises a wafer having front Side and a backside, the 
image Sensors are at the front Side of the wafer, and the 
contact pads are at the backside of the wafer, and wherein 
forming a plurality of imaging units comprises constructing 
through-wafer interconnects extending through at least a 
portion of the wafer to electrically couple contact pads to 
corresponding integrated circuits. 

27. The method of claim 25 wherein forming a plurality 
imaging units comprises forming the image Sensors on a 
front Side of the first Substrate and forming the contact pads 
on a backside of the first Substrate, and wherein the frontside 
faces toward the optical device workpiece and the backside 
faces away from the optical device workpiece. 

28. The method of claim 25 wherein the optics elements 
comprise lenses configured to direct radiation to correspond 
ing image Sensors, and fabricating the optical devices com 
prises producing lenses on the Second Substrate arranged in 
the device pattern. 

29. The method of claim 28 wherein producing the lenses 
comprises molding the lenses on the Second Substrate, 
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etching the lenses into the Second Substrate and/or attaching 
the lenses to the Second Substrate in the device pattern. 

30. A microelectronic imager assembly, comprising: 

an imager workpiece having a first Substrate and a plu 
rality of imaging units formed on and/or in the first 
Substrate, the imaging units individually comprising an 
image Sensor, an integrated circuit electrically coupled 
to the image Sensor, and external electrical contacts 
having contact pads on the first Substrate coupled to the 
integrated circuit, and 

an optical device workpiece having a Second Substrate and 
a plurality of optical devices on and/or in the Second 
Substrate, the optical devices individually comprising 
an optics element, wherein the first and Second Sub 
Strates are fixed relative to each other in a Spaced apart 
relationship So that the image Sensors are aligned with 
corresponding opticS elements. 

31. The imager assembly of claim 30 wherein the first 
Substrate comprises a Semiconductor wafer and the Second 
Substrate comprises a glass wafer. 

32. The imager assembly of claim 30 wherein the first 
Substrate comprises a Semiconductor wafer and the Second 
Substrate comprises a quartz wafer. 

33. The imager assembly of claim 30 wherein: 

the first Substrate has a front Side and a backside; 

the image Sensors are at the front side of the first Substrate; 
the contact pads are at the backside of the first Substrate; 

and 

the external electrical contacts further comprise through 
wafer interconnects extending at least partially through 
the first Substrate, the through-wafer interconnects 
operatively coupling contact pads at the backside to 
integrated circuits of corresponding image Sensors at 
the front side. 

34. The imager assembly of claim 30 wherein the first 
Substrate has a front Side and a backside, the image Sensors 
are at the front Side of the first Substrate, and the contact pads 
are at the backside of the first Substrate. 

35. The imager assembly of claim 30 wherein: 

the first Substrate has a front Side and a backside; 

the image Sensors are at the front Side of the first Substrate; 

the contact pads are at the backside of the first Substrate; 

the imaging units further comprise a plurality of terminals 
at the front side of the first Substrate, the terminals 
being electrically coupled to integrated circuits of cor 
responding image Sensors, and 

the external electrical contacts further comprise through 
wafer interconnects extending through the first Sub 
Strate, the through-wafer interconnects having first ends 
connected to the terminals and Second ends connected 
to the contact pads. 

36. The imager assembly of claim 30 wherein the optics 
elements comprise lenses in and/or on the Second Substrate. 

37. The imager assembly of claim 30 wherein the second 
Substrate comprises a glass wafer and the optics elements 
comprise lenses in and/or on the glass wafer. 
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38. The imager assembly of claim 30 wherein the second 
Substrate comprises a glass wafer having a filtering film and 
the optics elements comprise lenses in and/or on the glass 
wafer. 

39. The imager assembly of claim 38 wherein individual 
lenses comprise a focusing lens and/or a pin-hole lens. 

40. A microelectronic imager assembly, comprising: 
a first Substrate having a front Side and a backside, a 

plurality of image Sensors at the front Side of the first 
Substrate, a plurality of external electrical contacts 
having contact pads on the backside of the first Sub 
Strate, and interconnects extending through at least a 
portion of the first Substrate and electrically coupled to 
the contact pads on the backside of the first Substrate; 

a Second Substrate having a plurality of optics elements, 
wherein the optics elements are aligned with corre 
Sponding image Sensors; and 

a Spacer having a first portion attached to the first Sub 
Strate and a Second portion attached to the Second 
Substrate, the Spacer having openings arranged in a 
pattern Such that individual openings are aligned with 
(a) a corresponding one of the image Sensors and (b) a 
corresponding one of the optics elements. 

41. The imager assembly of claim 40 wherein the optics 
elements comprise lenses in and/or on the Second Substrate. 

42. The imager assembly of claim 40 wherein the second 
Substrate comprises a glass wafer and the optics elements 
comprise lenses in and/or on the glass wafer. 

43. The imager assembly of claim 40 wherein the second 
Substrate comprises a glass wafer having a filtering film and 
the optics elements comprise lenses in and/or on the glass 
wafer. 

44. The imager assembly of claim 43 wherein individual 
lenses comprise a focusing lens and/or a pin-hole lens. 

45. A microelectronic imager assembly, comprising: 
a first Substrate having (a) a first imaging unit including a 

first microelectronic image Sensor and a first array of 
external contacts having contact pads operatively 
coupled to the first image Sensor and (b) a second 
imaging unit including a Second microelectronic image 
Sensor and a Second array of external contacts having 
contact pads operatively coupled to the Second image 
Sensor, 

a first optics element fixed relative to the first imaging unit 
in alignment with the first microelectronic image Sen 
Sor, and 

a Second optics element fixed relative to the Second 
imaging unit in alignment with the Second microelec 
tronic image Sensor. 

46. The imager assembly of claim 45, wherein the first 
Substrate has a front Side and a backside, the first and Second 
image Sensors are at the front Side, and the contact pads are 
at the backside. 

47. The imager of claim 46, further comprising a plurality 
of through-wafer interconnects extending through at least a 
portion of the first Substrate, the through-wafer interconnects 
being coupled to the contact pads. 

48. A microelectronic imager assembly, comprising: 
a imager workpiece including a first Substrate having a 

front Side and a backside, a first imaging unit including 
a first microelectronic image Sensor at the front Side of 
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the first Substrate and a first array of external contacts 
having contact pads at the backside of the first Substrate 
coupled to the first image Sensor, and a Second imaging 
unit including a Second microelectronic image Sensor at 
the front side of the first Substrate and a second array of 
external contacts having contact pads at the backside of 
the first Substrate coupled to the Second image Sensor; 

a first optics element fixed relative to the first imaging unit 
in alignment with the first microelectronic image Sen 
Sor, and 

a Second optics element fixed relative to the Second 
imaging unit in alignment with the Second microelec 
tronic image Sensor. 

49. A microelectronic imager assembly, comprising: 

an imager workpiece having a first Substrate and a plu 
rality of microelectronic imaging means formed in 
and/or on the first Substrate; and 

an optical device workpiece having a Second Substrate 
fixedly coupled to the first Substrate, the optical device 
Workpiece having a plurality of optical device means in 
and/or on the Second Substrate in alignment with cor 
responding imaging means of the image Workpiece. 

50. A microelectronic imager, comprising: 

an imaging unit including a die having a front Side and a 
backside, an image Sensor at the front Side of the die, 
and a plurality of contact pads at the backside of the die, 
the contacts being electrically coupled to the image 
Sensor; and 

an optical device having a Substrate that is at least 
Substantially non-transmissive to infrared radiation and 
an optics element integrated with the Substrate, the 
optics element being aligned with the image Sensor and 
configured to manipulate radiation for the image Sen 
SO. 

51. The microelectronic imager of claim 50, further 
comprising a Stand-off between the imaging unit and the 
optical device, the Stand-off having an opening aligned with 
the image Sensor and the optics element, and the image 
Sensor being exposed to the optics element without another 
transparent member therebetween. 

52. A microelectronic imager, comprising: 

an imaging unit including a die having a front Side and a 
backside, an image Sensor at the front Side of the die, 
an integrated circuit electrically coupled to the image 
Sensor, a plurality of through-wafer interconnects elec 
trically coupled to the integrated circuit and extending 
through the die to the backside, and a plurality of 
contact pads at the backside of the die and connected to 
the interconnects, and 

an optical device fixed with respect to the imaging unit 
and having an optics element aligned with the image 
SCSO. 

53. A microelectronic imager, comprising: 

an imaging unit including a die having a front Side and a 
backside, an image Sensor at the front Side of the die, 
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an integrated circuit electrically coupled to the image 
Sensor, a plurality of through-wafer interconnects elec 
trically coupled to the integrated circuit and extending 
through the die to the backside, and a plurality of 
contact pads at the backside of the die and connected to 
the interconnects, 

a Stand-off projecting from the die and having an opening 
aligned with the image Sensor; and 

an optical device attached to the Stand-off, the optical 
device having a Substrate and an optics element on 
and/or in the Substrate aligned with the image Sensor. 
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54. A microelectronic imager, comprising: 
an imaging unit including a die having a front Side and a 

backside, an image Sensor at the front Side of the die, 
and a plurality of contact pads at the backside of the die, 
the contact pads being operatively coupled to the image 
Sensor for electrically attaching the imager to an exter 
nal device; and 

an optical device fixed with respect to the imaging unit 
and having an optics element aligned with the image 
SCSO. 


