
COVERS FOR MICROELECTRONIC IMAGERS AND METHODS FOR
WAFER-LEVEL PACKAGING OF MICROELECTRONIC IMAGERS
TECHNICAL FIELD [0001] The present invention is
related to microelectronic devices and methods for
packaging microelectronic devices. Several aspects of
the present invention are directed toward covers for
protecting image sensors and methods for wafer-level
packaging of microelectronic imaging units that are
responsive to radiation in the visible light spectrum
or in other spectrums. BACKGROUND [0002]
Microelectronic imagers are used in digital cameras,
wireless devices with picture capabilities, and many
other applications. Cell phones and Personal Digital
Assistants (PDAs), for example, incorporate
microelectronic imagers for capturing and sending
pictures. The growth rate of microelectronic imagers
has been steadily increasing as they become smaller
and produce better images with higher pixel counts.
[0003] Microelectronic imagers include image sensors
that use Charged Coupled Device (CCD) systems,
Complementary Metal-Oxide Semiconductor (CMOS)
systems, or other systems. CCD image sensors have been
widely used in digital cameras and other applications.
CMOS image sensors are also becoming very popular
because they have low production costs, high yields,
and small sizes. CMOS image sensors provide these
advantages 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 their delicate components and provide external
electrical contacts. [0004] Figure 1 is a schematic
cross-sectional 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 10and 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 dielectric 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
electrical pathways between the bond-pads 14 and the
ball-pads 24. [0006] The imager 1 shown in Figure 1
also has an optics unit including a support 50
attached to the housing 30 and a barrel 60 adjustably
attached to the support 50. The support 50 can include
internal threads 52, and the barrel 60 can include
external threads 62 engaged with the threads 52. The
optics unit also includes a lens 70 carried by the
barrel 60. [0007] One problem with conventional
packaged microelectronic imagers is that they have
relatively large footprints and occupy a significant
amount of vertical space (i.e., high profiles). For
example, the footprint of the imager 1 in Figure 1 is
the surface area of the bottom of the interposer
substrate 20, which is significantly larger than the
surface area of the die 10. Accordingly, the footprint
of conventional packaged microelectronic imagers 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 vertical
profiles. [0008] Yet another problem of the
conventional imager 1 shown in Figure 1 is that
moisture and/or other contaminants can impair the
performance of the imager 1. For example, the die 10
is singulated before the housing 30 and cover 40 are
placed over the image sensor 12. Accordingly, the
image sensor 12 on the die 10 can be 



damaged by tiny particles generated during the cutting
process. Unprotected image sensors can also be damaged
by particles or moisture in other process steps.
Therefore, there is a need to protect the image sensor
during the assembly and packaging of the imager.[0009]
Another concern of conventional microelectronic
imagers is the drive to reduce costs for packaging the
dies. The housing 30 shown in Figure 1 is relatively
expensive to form and mount because the cover 40 must
be properly aligned and mounted in the opening 32 and
the housing 30 must be positioned and mounted to the
interposer substrate 20. This process can be subject
to error and is generally time-consuming. Therefore,
there is a significant need to enhance the efficiency,
reliability, and precision of packaging
microelectronic imagers. BRIEF DESCRIPTION OF THE
DRAWINGS [0010] Figure 1 is a schematic
cross-sectional view of a packaged microelectronic
imager in accordance with the prior art. [001 1]
Figures 2A and 2B are schematic side cross-sectional
views illustrating subsequent stages in a method for
fabricating covers for use in packaging a plurality of
microelectronic imaging units at the wafer level in
accordance with an embodiment of the invention. [0012]
Figures 3A-3C are schematic side cross-sectional views
illustrating subsequent stages in a method for
packaging a plurality of microelectronic imaging units
at the wafer level in accordance with an embodiment of
the invention. [0013] Figures 4A and 4B are schematic
side cross-sectional views illustrating various stages
in a method for packaging a plurality of
microelectronic imaging units at the wafer level in
accordance with another embodiment of the invention.
[0014] Figure 5 is a schematic side cross-sectional
view illustrating a stage in a method for packaging a
plurality of microelectronic imaging units at the
wafer level in accordance with another embodiment of
the invention. [0015] Figure 6 is a schematic side
cross-sectional view of a packaged microelectronic
imager in accordance with one embodiment of the
invention. 



[0016] Figure 7 is a schematic side cross-sectional
view of a packaged microelectronic imager in
accordance with another embodiment of the
invention.DETAILED DESCRIPTION A. Overview [0017] The
following disclosure describes several embodiments of
methods for forming and attaching covers to
microelectronic imaging units, packaging
microelectronic imagers at the wafer level, and
microelectronic imagers having covers that protect the
image sensor. Several embodiments of the invention
attach covers to the imaging units early in the
packaging process to protect the image sensors during
subsequent assembly and packaging procedures. Several
embodiments of covers for microelectronic imaging
units and methods for attaching such covers to
microelectronic imaging units are expected to
significantly reduce the cost for assembling imaging
units and produce more robust microelectronic imagers
compared to conventional devices. Moreover, the covers
can be formed and installed at the wafer-level, which
is expected to significantly enhance the efficiency of
manufacturing microelectronic imagers because a
plurality of imaging units can be packaged
simultaneously using highly accurate and efficient
processes developed for fabricating semiconductor
devices. [0018] One aspect of the invention is
directed toward wafer-level processes for forming a
plurality of covers for use in microelectronic imaging
units. An embodiment of one such method comprises
providing a cover workpiece having a first substrate
transmissive to a radiation and a plurality of covers
on and/or in the first substrate. The covers have
windows comprising regions of the first substrate and
stand-offs projecting from the windows. The method
further includes providing a microelectronic workpiece
including a second substrate having a plurality of
microelectronic dies. The dies have image sensors,
integrated circuits electrically coupled to the image
sensors, and a plurality of terminals (e.g.,
bond-pads) electrically coupled to corresponding
integrated circuits. The method continues by
assembling the covers with corresponding dies so that
windows are aligned with 



corresponding image sensors and the stand-offs contact
corresponding dies inboard of the terminals and
outboard of the image sensors. The first substrate is
then cut to singulate the individual covers. After
cutting the first substrate, the second substrate is
cut to singulate the individual imaging units.[0019]
Another aspect of the present invention is directed
toward microelectronic imaging unit assemblies that
are packaged or otherwise used in wafer-level
packaging of microelectronic imaging units. One
embodiment of a microelectronic imaging unit assembly
in accordance with the invention comprises a cover
workpiece and a microfeature workpiece. The cover
workpiece includes a first substrate transmissive to a
desired radiation with a plurality of covers. The
individual covers include a window and a stand-off
projecting from the window. The microfeature workpiece
includes a second substrate with a plurality of
microelectronic dies. Individual dies include an image
sensor, an integrated circuit electrically coupled to
the image sensor, and a plurality of terminals (e.g.,
bondpads) electrically coupled to the integrated
circuit. The first and second substrates are coupled
together so that (a) the windows are aligned with
corresponding image sensors, and (b) the stand-offs of
individual covers are between an individual image
sensor and the terminals corresponding to the
individual image sensor such that the stand-offs do
not completely cover the terminals. [0020] 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 be CCD imagers or other
types of imagers. Several details describing
well-known structures often associated with
microelectronic devices are not set forth in the
following description to avoid unnecessarily obscuring
the description of the disclosed embodiments.
Moreover, 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 different
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
shown and described below with reference to Figures
2A-7. B. Fabricating Imaging Units for Use in
Microelectronic Imagers [0021] Figures 2A-3C are
schematic side cross-sectional views illustrating
stages in a method for fabricating and installing
covers used with imaging units in accordance with an
embodiment of the invention. Figure 2A, more
specifically, is a schematic side cross-sectional view
of a cover workpiece 200 including a firstsubstrate
202 having a first side 204 and a second side 206
opposite the first side 204. The first substrate 202
further includes a plurality of discrete device sites
210 at which individual covers are constructed on
and/or in the first substrate 202. The device sites
210 are arranged in a desired array on the substrate
202. The boundaries of the device sites 210 can be
defined by cutting lanes A-A along which the first
substrate 202 can be cut to singulate individual
covers from each other. [0022] The first substrate 202
is transmissive to a desired spectrum of radiation.
For example, when the imaging dies are for use in
digital cameras, the first substrate 202 is
transmissive to light in the visible spectrum. The
first substrate 202, however, can be transmissive to
ultraviolet (UV) light, infrared radiation (IR) and/or
any other suitable spectrum according to the
particular application of the imaging die. The first
substrate 202 can be composed of glass, quartz,
plastics, and/or other suitable materials. In
embodiments directed toward imaging radiation in the
visible spectrum, the first substrate 202 can also
have films that filter UV, IR, or other undesirable
spectrums of radiation. The first substrate 202, for
example, can be formed of a material and/or have a
coating that filters IR or near IR spectrums, and the
first substrate 202 can have an anti-reflective
coating. [0023] Figure 2B is a schematic side
cross-sectional view of the cover workpiece 200 after
forming a plurality of covers 220 on and/or in the
first substrate 202. The first substrate 202 typically
has a cover 220 at each device site 210. The covers
220 can be formed together using efficient and highly
accurate processes used in semiconductor fabrication
technology. In one embodiment, the covers 220 



are formed by patterning a layer of resist (not shown)
on the first side 204 of the first substrate 202 and
etching the first substrate 202 to form stand-offs 222
and a plurality of windows 226 comprising regions of
the first substrate 202 between the stand-offs 222.
The windows 226 and stand-offs 222 at each device site
210 are configured to enclose an image sensor. An
isotropic etch is used to form the covers 220 on the
first substrate 202, but anisotropic etches and/or
other deposition processes may be used to form the
covers 220 in other embodiments. [0024] Figure 3A is a
schematic side cross-sectional view showing a portion
of an imaging unit assembly 300 including a
microfeature workpiece 230 and the cover workpiece 200
(Figure 2B) aligned with each other for wafer-level
packaging of microelectronic imaging units. The
microfeature workpiece 230 includes a secondsubstrate
232 having a first side 234, a second side 236
opposite the first side 234, and a plurality of
microelectronic dies 250 formed on and/or in the
second substrate 232. The dies 250 are arranged in an
array on the second substrate 232, and the covers 220
on the first substrate 202 are arranged in an array
corresponding to the arrangement of the dies 250.
Individual dies 250 can include an integrated circuit
252 (shown schematically), an image sensor 254
operably coupled to the integrated circuit 252, and a
plurality of terminals 256 (e.g., bond-pads)
electrically coupled to the integrated circuit 252.
The image sensors 254 can be CMOS or CCD image sensors
for capturing pictures or other images in the visible
spectrum. In other embodiments, the image sensors 254
can detect radiation in other spectrums (e.g., IR or
UV ranges). [0025] Figure 3B is a schematic side
cross-sectional view of the imaging unit assembly 300
after attaching the first substrate 202 to the second
substrate 232. The first substrate 202 is assembled
with the second substrate 232 by placing the
stand-offs 222 of the individual covers 220 inboard of
the terminals 256 and outboard of the image sensors
254 on corresponding dies 250. Each stand-off 222,
more specifically, can contact the second substrate
232 in a mounting zone "Z" between an image sensor 254
and the terminals 256 to which the specific image
sensor 254 



is operatively coupled so that at least a portion of
the terminals 256 are exposed. The windows 226 of
individual covers 220 are positioned over
corresponding image sensors 254 such that each
stand-off 222 and window 226 enclose an image sensor
254 in a recess 224. The windows 226 are spaced apart
from the image sensors 254 by a gap G to create an
enclosed cell 260. The cells 260 can be a vacant space
sealed under a vacuum to be virtually void of any
matter between the image sensors 254 and the windows
226. The cells 260 can alternatively be filled with an
inert gas having the appropriate tranmissivity to the
particular radiation. The distal ends of the
stand-offs 222 can be attached to the second substrate
232 using wafer-level bonding processes known in the
semiconductor manufacturing art, such as adhesives
(e.g., SU-8 or Benzocyclobutene) or SiO2 fusion
bonding. In other embodiments, different bonding
processes may be used. [0026] After attaching the
first substrate 202 to the second substrate 232 as
described above, the first substrate 202 is cut along
lines A-A to singulate the individual covers 220 and
expose the terminals 256 on each die 250. The
firstsubstrate 202 is cut along lines A-A without
contacting the underlying terminals 256 or the second
substrate 232 with the cutting blades. The first
substrate 202 is generally cut with blade pairs 270
arranged in a gang, but different methods can be used
to cut the first substrate 202 along lines A-A (e.g.,
a laser). [0027] Referring next to Figure 3C, the
second substrate 232 is cut along lines B-B to
singulate individual microelectronic imaging units 280
from each other. The individual microelectronic
imaging units 280 can then undergo additional
packaging steps, as described below with reference to
Figures 6 and 7. [0028] One advantage of several
embodiments for fabricating microelectronic imaging
units described above with respect to Figures 2A-3C is
that the image sensors 254 are protected within the
sealed cells 260 before proceeding with singulating
the second substrate 232 or subsequent packaging
procedures. For example, the covers 220 protect the
image sensors 254 on the individual dies 250 from
fluids and particles while cutting the first or second
substrates 202 or 232. A 



single small particle can ruin an image sensor 254 for
high-end applications, such as digital cameras and
picture cell phones. However, by attaching the covers
220 at the wafer level before singulating the
individual dies 250, the image sensors 254 on the
individual dies 250 are protected during the
singulation process. Further, the image sensors 254 on
the individual dies 250 are also protected during
subsequent packaging and assembly processes, such as
wire-bonding and/or encapsulation. [0029] Yet another
advantage of the processes for fabricating the imaging
units 280 described above is that there is no need for
additional spacers or support members to support the
covers 220 over the individual dies 250. The
stand-offs 222 are integral components of the
individual covers 220 and are attached to the
individual dies 250 to accurately position each cover
220 over corresponding image sensors 254 on the dies
250. This is an efficient manufacturing process
because there is no need for additional steps or
processes to construct spacer elements on the dies
250, mount individual cover windows to such spacers,
or mount a separate housing to an interposer
substrate. Further, the stand-offs 222 on the covers
220 provide very precise control of the stand-off
distance for the covers 220 with respect to the image
sensors 254.[0030] Figures 4A and 4B illustrate stages
in a method for fabricating microelectronic imaging
units in accordance with another embodiment of the
invention. The first substrate 202 is initially
processed as shown and described above with reference
to Figures 2A-B. Figure 4A is a schematic side
cross-sectional view of the cover workpiece 200
illustrated in Figure 2B in hypothetical alignment
with the microfeature workpiece 230 shown in Figure
3A. Unlike the process described in Figures 3A-3C,
however, the first substrate 202 is cut to singulate
the individual covers 220 before attaching the covers
220 to the microfeature workpiece 230. The first
substrate 202 is accordingly cut along lines C-C to
separate individual covers 220 from each other before
aligning the covers 220 with the image sensors 254.
[0031] Referring next to Figure 4B, the individual
covers 220 are aligned with 



corresponding image sensors 254 and attached to the
second substrate 232. The windows 226 are individually
installed at a desired location relative to one of the
image sensors 254 on the individual dies 250. After
the individual covers 220 have been attached to the
corresponding dies 250, the second substrate 232 is
cut along lines D-D to construct a plurality of
microelectronic imaging units as illustrated in Figure
3C. One advantage of this embodiment is that the dies
250 can be tested to determine known-good dies 250
before attaching the covers 220 to the individual dies
250. As such, the covers 220 can be attached to only
the known-good dies 250 to avoid wasting good covers.
[0032] Figure 5 is a schematic side cross-sectional
view showing a cover workpiece 500 in accordance with
another embodiment of the invention. The cover
workpiece 500 includes a first substrate 502 having a
first side 504 and a second side 506 opposite the
first side 504. The cover workpiece 500 further
includes a plurality of discrete device sites 510 at
which individual covers are constructed on the first
substrate 502. The boundaries of the device sites 510
can be defined by cutting lanes E-E along which the
first substrate 502 can be cut to singulate individual
covers from each other. The first substrate 502 can be
at least generally similar to the first substrate 202
described above with reference to Figure 2A. [0033]
The first substrate 502 further includes a plurality
of stand-offs 522 on one side (e.g., the first side
504) of the first substrate 502. The stand-offs 522
can be composed of the same material as the first
substrate 502, but the stand-offs 522are generally
composed of a different material. For example, the
first substrate 502 can be quartz and the stand-offs
522 can be an epoxy or other polymer. The stand offs
522 project away from the first substrate 502 at the
individual device sites 510 in a pattern corresponding
to the pattern of image sensors 254 and terminals 256
on the microfeature workpiece 230 (Figure 3A). The
stand-offs 522 create a recess 524 at each device site
510, and the regions of the first substrate 502
between the stand offs 522 are windows 526. [0034] The
stand-offs 522 can be formed on the first substrate
502 using 



screen-printing processes, three-dimensional
stereolithography techniques, or other disposing
processes. In still further embodiments, the
stand-offs 522 are formed on the first substrate 502
by molding material onto the substrate or attaching
pre-formed stand-offs onto the substrate. After the
plurality of stand-offs 522 have been formed on the
first substrate 502, the cover workpiece 500 can be
cut along lines E-E either before or after attaching
the stand-offs 522 to the second substrate 232 as
shown in either Figure 3B or Figure 4B. [0035] Figures
2A-5 and the associated text above describe several
embodiments of fabricating covers and imaging units
for use in microelectronic imagers. The covers and/or
the imaging units, however, can be formed using other
methods and they can have other configurations.
Accordingly, the present invention is not limited to
the particular methods and/or structures described
above, but it also includes alternative methods for
fabricating the covers and imaging units. C. Packaging
of Microelectronic Imagers [0036] Figures 6 and 7
illustrate different embodiments of methods for
packaging microelectronic imagers using imaging units
with covers as described above. Although the following
embodiments illustrate packaging only a single
microelectronic imager, it will be appreciated that a
plurality of imagers can be packaged simultaneously at
the wafer level. [0037] Figure 6 is a schematic side
cross-sectional view of a packaged microelectronic
imager 600 in accordance with an embodiment of the
invention. The imager 600 in the illustrated
embodiment includes an imaging unit 680 including the
cover 220 described above with respect to Figure 3C
and a microelectronic die 650. Like reference numbers
refer to like components in Figures 3C and 6. The die
650has a front side 610 and a backside 6 11. The die
650 further includes an integrated circuit 652 (shown
schematically), an image sensor 654 operably coupled
to the integrated circuit 652, and an array of
terminals 656 (e.g., bond-pads) electrically coupled
to the integrated circuit 652. [0038] The die 650
differs from the die 250 shown in Figure 3C in that
the die 



650 has a plurality of electrically conductive
interconnects 657 having a first portion electrically
coupled to corresponding terminals 656 and a second
portion electrically coupled to corresponding
ball-pads 658 on the second side 6 11 of the die 650.
In the embodiment shown in Figure 6, the interconnects
657 are thus through-wafer interconnects that extend
completely through the die 650 from the first side 610
to the second side 6 11. Alternatively, other dies may
not include through-wafer type interconnects 657. The
interconnects 657 can be formed according to the
processes disclosed in U.S. patent application number
10/713,878, entitled "Microelectronic Devices, Methods
for Forming Vias in Microelectronic Devices, and
Methods for Packaging Microelectronic Devices," filed
on November 13, 2003 (Perkins Coie Docket No.
108298742US), which is herein incorporated by
reference in its entirety. The interconnects 657 can
be formed in the die 650 either before or after
singulating the dies 650 (Figure 3C). The ball-pads
658 are formed on and/or in the second side 6 11 of
the die 650 and are configured to receive solder balls
(not shown) or other conductive elements. In other
embodiments, the imager 600 may not include the
ball-pads 658 and/or the solder balls. [0039] In
another aspect of the embodiment illustrated in Figure
6, the imager 600 can further include an optics unit
690 attached to the cover 220 and aligned with the
image sensor 654. The optics unit 690 can include a
plate 692 and an optic member 694 on the plate 692 to
transmit at least the desired spectrum of radiation to
the image sensor 654. The optic member 694 can be a
lens for focusing the light, pinholes for reducing
higher order refractions, and/or other optical
structures for performing other functions. [0040] The
plate 692 and optic member 694 are supported by a
support member 696 that accurately situates the optic
member 694 at a desired location with respect to the
image sensor 654. Suitable support members 696 with
corresponding interface features are disclosed in U.S.
Application No. 10/723,363, entitled "Packaged
Microelectronic Imagers and Methods of Packaging
MicroelectronicImagers," filed on November 26, 2003
(Perkins Coie Docket No. 108298746US), 



which is herein incorporated by reference in its
entirety. The plate 692 is attached to the support
member 696 in the embodiment shown in Figure 6, but
other embodiments of the optics unit 690 may not
include a plate such that the optic member 694 is
attached directly to the support member 696. [0041]
One advantage of the imager 600 illustrated in Figure
6 is that the imager 600 can be much smaller than the
conventional imager shown in Figure 1. The footprint
of the imager 600 can be as small as the size of the
die 650 because the die is not mounted to a separate
interposer substrate. This is possible because the
interconnects 657 provide an electrical connection to
the array of ball-pads 658 on the second side 6 11 of
the die 650 instead of using wire-bonds on the first
side 610 of the die 650. The height of the imager 600
is also less than with conventional imagers because
the imager 600 can be mounted directly to a module or
board without an interposer substrate. Therefore, the
imager 600 is expected to have a smaller footprint and
a lower profile than conventional microelectronic
imagers, which is particularly advantageous for
picture cell phones, PDAs, or other applications where
space is limited. [0042] A further advantage of the
imager 600 illustrated in Figure 6 is that the imager
600 can be tested from the backside 6 11 of the die
650. A test probe can contact the backside 6 11 of the
die 650 to test the imager 600 because the
throughwafer interconnects 657 provide backside
electrical contacts (e.g., ball-pads 658).
Accordingly, because the test probe engages contacts
on the backside 6 11 of the die 650, it will not
damage the image sensor 654, the optics units 690, or
associated circuitry on the front of the die 650.
Moreover, the test probe does not obstruct the image
sensor 654 during a backside test, which allows the
test probe to more easily test the imager compared to
processes that test imaging dies from the front side.
Furthermore, it is advantageous to test the
microelectronic imager 600 in an environment where the
image sensor 654 and/or optics unit 690 will not be
damaged during testing. 



[0043] Figure 7 is a schematic side cross-sectional
view of a packaged microelectronic imager 700 in
accordance with another embodiment of the invention.
The imager 700 in the illustrated embodiment can
include the imaging unit 280 described above with
respect to Figure 3C the optics unit 690 described
above inFigure 6, and an interposer substrate 702;
like reference numbers accordingly refer to like
components in Figures 3C, 6, and 7. The interposer
substrate 702 includes a first side 704 having a
plurality of contacts 766 and a second side 706 having
a plurality of pads 768. The interposer substrate 702
further includes a plurality of traces 767
electrically coupling individual contacts 766 to
corresponding pads 768. The contacts 766 can be
arranged in arrays for attachment to the corresponding
terminals 256 on the die 250, and the pads 768 can be
arranged in arrays for attachment to a plurality of
electrical couplers (e.g., solder balls). [0044] The
imaging unit 280 can be attached to the interposer
substrate 702 with an adhesive film, an epoxy, or
another suitable material. After attaching the imaging
unit 280 to the interposer substrate 702, a plurality
of wire-bonds 722 are formed to electrically couple
the die 250 to the interposer substrate 702. The
imager 700 can further include the optics unit 690
attached to the cover 220 and aligned with the image
sensor 254. [0045] From the foregoing, it will be
appreciated that specific embodiments of the invention
have been described herein for purposes of
illustration, but that various modifications may be
made without deviating from the spirit and scope of
the invention. For example, the microelectronic
imaging units and microelectronic imagers can have any
combination of the features described above with
reference to Figures 2A-7. Accordingly, the invention
is not limited except as by the appended claims.CLAIMS
I/We claim: 1. A method of fabricating microelectronic
imaging units, comprising: providing a cover workpiece
including a first substrate transmissive to a
radiation and having a plurality of covers, the covers
having windows 



comprising regions of the first substrate and
stand-offs projecting from the windows; providing a
microfeature workpiece including a second substrate
having a plurality of microelectronic dies, the dies
having image sensors, integrated circuits electrically
coupled to corresponding image sensors, and terminals
electrically coupled to corresponding integrated
circuits; and assembling the covers with corresponding
dies so that the windows are aligned with
corresponding image sensors and the stand-offs contact
corresponding dies inboard of the terminals and
outboard of the image sensors. 2. The method of claim
1, further comprising cutting the first substrate to
singulate the individual covers after assembling the
covers with corresponding dies and before cutting the
second substrate to singulate the individual dies. 3.
The method of claim 1, further comprising: cutting the
first substrate to singulate the individual covers
before assembling the covers with corresponding dies;
attaching separate covers to corresponding dies; and
cutting the second substrate to singulate the
individual dies with attached covers. 4. The method of
claim 1 wherein providing the plurality of covers
comprises etching the first substrate to form the
stand-offs.5. The method of claim 1 wherein providing
the plurality of covers comprises forming the
stand-offs by depositing a material onto the first
substrate. 6. The method of claim 1 wherein providing
the plurality of covers comprises forming the
stand-offs from the same material as the first
substrate. 7. The method of claim 1 wherein providing
the plurality of covers comprises forming the
stand-offs from a different material than the first
substrate. 8. The method of claim 1 wherein providing
the plurality of covers 



comprises forming the stand-offs by screen-printing a
material onto the first substrate. 9. The method of
claim 1 wherein providing the plurality of covers
comprises forming the stand-offs by molding a material
onto the first substrate. 10. The method of claim 1
wherein providing the plurality of covers comprises
forming the stand-offs by depositing a material onto
the first substrate using three-dimensional
stereolithography. 11. The method of claim 1 wherein:
providing the plurality of covers comprises forming
the windows and stand offs on the first substrate such
that the windows and stand-offs are arranged in a
device pattern; and providing the plurality of
microelectronic dies on and/or in the second substrate
comprises arranging the image sensors in a die pattern
on the second substrate, the device pattern generally
corresponding to the die pattern. 12. The method of
claim 1 wherein: providing the plurality of covers
comprises etching a plurality of recesses into the
first substrate to form stand-offs arranged in a
device pattern; andproviding the plurality of
microelectronic dies on and/or in the second substrate
comprises arranging the image sensors in a die pattern
on the second substrate, the device pattern generally
corresponding to the die pattern. 13. The method of
claim 1 wherein providing the first substrate
comprises providing a wafer that is transmissive to
light in the visible spectrum. 14. The method of claim
1 wherein providing the first substrate comprises
providing a quartz wafer. 15. The method of claim 1,
further comprising: providing a plurality of optics
units having optic members; and assembling the optics
units with corresponding dies either before or after 



singulating the dies with attached covers, an optic
member of one optics unit being positioned at a
desired location relative to an image sensor of a
corresponding die. 16. A method of fabricating
microelectronic imaging units, comprising: providing a
cover workpiece including a first substrate
transmissive to a radiation and having a plurality of
covers, the covers having windows comprising regions
of the first substrate and stand-offs projecting from
the windows; providing a microfeature workpiece
including a second substrate having a plurality of
microelectronic dies, the dies having image sensors,
integrated circuits electrically coupled to
corresponding image sensors, and terminals
electrically coupled to corresponding integrated
circuits; attaching the cover workpiece to the
microfeature workpiece by aligning the windows with
corresponding image sensors and attaching the stand
offs to the dies at locations inboard of corresponding
terminals and outboard of corresponding image sensors;
cutting the first substrate to singulate the
individual covers and expose at least a portion of the
terminals on the dies; andcutting the second substrate
to singulate the individual dies. 17. The method of
claim 16 wherein providing the plurality of covers
comprises etching the first substrate to form the
stand-offs. 18. The method of claim 16 wherein
providing the plurality of covers comprises forming
the stand-offs by depositing a material onto the first
substrate. 19. The method of claim 16 wherein
providing the plurality of covers comprises forming
the stand-offs from the same material as the first
substrate. 20. The method of claim 16 wherein
providing the plurality of covers comprises forming
the stand-offs from a different material than the
first substrate. 2 1. The method of claim 16 wherein
providing the plurality of covers comprises forming
the stand-offs by screen-printing a material onto the
first 



substrate. 22. The method of claim 16 wherein
providing the plurality of covers comprises forming
the stand-offs by molding a material onto the first
substrate. 23. The method of claim 16 wherein
providing the plurality of covers comprises forming
the stand-offs by depositing a material onto the first
substrate using three-dimensional stereolithography.
24. The method of claim 16 wherein: providing the
plurality of covers comprises forming the windows and
stand offs on the first substrate such that the
windows and stand-offs are arranged in a device
pattern; and providing the plurality of
microelectronic dies on and/or in the second substrate
comprises arranging the image sensors in a die pattern
on the second substrate, the device pattern generally
corresponding to the die pattern.25. The method of
claim 16 wherein: providing the plurality of covers
comprises etching a plurality of recesses into the
first substrate to form stand-offs arranged in a
device pattern; and providing the plurality of
microelectronic dies on and/or in the second substrate
comprises arranging the image sensors in a die pattern
on the second substrate, the device pattern generally
corresponding to the die pattern. 26. The method of
claim 16 wherein providing the first substrate
comprises providing a wafer that is transmissive to
light in the visible spectrum. 27. The method of claim
16 wherein providing the first substrate comprises
providing a quartz wafer. 28. A method of fabricating
microelectronic imaging units, comprising: forming a
plurality of covers using a first substrate, wherein
individual covers have a window, a stand-off
projecting from the window, and a recess within the
stand-off; 



providing a microfeature workpiece including a second
substrate with a plurality of microelectronic dies,
the individual dies having an image sensor, an
integrated circuit electrically coupled to the image
sensor, and terminals electrically coupled to the
integrated circuit; cutting the first substrate to
singulate the individual covers from each other;
attaching separate covers to corresponding dies by
aligning the windows with corresponding image sensors
and attaching the stand-offs to the dies at locations
between the terminals and the image sensors such that
the stand-offs do not cover at least a portion of the
terminals; and cutting the second substrate to
singulate the individual dies from each other. 29. The
method of claim 28 wherein forming the plurality of
covers comprises etching the first substrate to form
the stand-offs.30. The method of claim 28 wherein
forming the plurality of covers comprises forming the
stand-offs by depositing a material onto the first
substrate. 3 1. The method of claim 28 wherein forming
the plurality of covers comprises forming the
stand-offs from the same material as the first
substrate. 32. The method of claim 28 wherein forming
the plurality of covers comprises forming the
stand-offs from a different material than the first
substrate. 33. The method of claim 28 wherein: forming
the plurality of covers comprises etching a plurality
of recesses into the first substrate to form
stand-offs arranged in a device pattern; and providing
the plurality of microelectronic dies on and/or in the
second substrate comprises arranging the image sensors
in a die pattern on the second substrate, the device
pattern generally corresponding to the die pattern.
34. A method of fabricating microelectronic imaging
units, comprising: forming a plurality of covers using
a first substrate transmissive to a radiation, the
covers having windows and stand-offs projecting from
the windows; forming a plurality of microelectronic
dies using a second substrate, the 



individual dies having an image sensor, an integrated
circuit electrically coupled to the image sensor, and
terminals electrically coupled to the integrated
circuit; and assembling the first substrate to the
second substrate so that the windows are aligned with
corresponding image sensors on the second substrate in
a spaced-apart relationship and the stand-offs contact
corresponding dies between image sensors and the
corresponding terminals. 35. The method of claim 34,
further comprising: cutting the first substrate to
singulate the individual covers and expose at least a
portion of the corresponding terminals; andcutting the
second substrate to singulate the individual dies with
attached covers. 36. The method of claim 34 wherein
forming the plurality of covers comprises etching the
first substrate to form the stand-offs. 37. The method
of claim 34 wherein forming the plurality of covers
comprises forming the stand-offs by depositing a
material onto the first substrate. 38. The method of
claim 34 wherein forming the plurality of covers
comprises forming the stand-offs from the same
material as the first substrate. 39. The method of
claim 34 wherein forming the plurality of covers
comprises forming the stand-offs from a different
material than the first substrate. 40. The method of
claim 34 wherein: forming the plurality of covers
comprises etching a plurality of recesses into the
first substrate to form stand-offs arranged generally
in a device pattern; and forming the plurality of
microelectronic dies on and/or in the second substrate
comprises forming the plurality of dies having image
sensors arranged in a die pattern on the second
substrate, the device pattern generally corresponding
to the die pattern. 4 1. A method of fabricating
microelectronic imaging units, comprising: 



providing a plurality of prefabricated covers on a
first substrate, the covers having windows, stand-offs
projecting from the windows, and cavities defined by
the windows and stand-offs; providing a plurality of
microelectronic dies supported by a second substrate
having a front side and a backside, the individual
dies including an image sensor at the front side, an
integrated circuit electrically coupled to the image
sensor, a plurality of terminals at the front side
andoperatively coupled to the image sensor, and a
mounting zone between the image sensor and the
terminals; and assembling a plurality of covers to a
corresponding plurality of imaging dies such that the
stand-offs are in the mounting zones of corresponding
imaging dies and at least a portion of the terminals
are exposed. 42. The method of claim 4 1, further
comprising: cutting the first substrate to singulate
the individual covers after assembling the covers with
corresponding dies; and cutting the second substrate
to singulate the individual dies after cutting the
first substrate. 43. The method of claim 4 1, further
comprising: cutting the first substrate to singulate
the individual covers before assembling the covers
with corresponding dies; and cutting the second
substrate to singulate the individual dies after
assembling the singulated covers with corresponding
dies. 44. The method of claim 4 1 wherein providing
the plurality of prefabricated covers comprises
etching the stand-offs into the first substrate. 45.
The method of claim 4 1 wherein providing the
plurality of prefabricated covers comprises forming
the stand-offs by depositing a material onto the
substrate. 46. The method of claim 4 1 wherein
providing the plurality of prefabricated covers
comprises forming the stand-offs from the same
material as the first substrate. 



47. The method of claim 4 1 wherein providing the
plurality of prefabricated covers comprises forming
the stand-offs from a different material than the
first substrate.48. The method of claim 4 1 wherein:
providing the plurality of prefabricated covers
comprises etching the cavities into the first
substrate to form stand-offs arranged in a device
pattern; and providing the plurality of
microelectronic imaging dies on and/or in the second
substrate comprises arranging the image sensors in a
die pattern on the front side of the second substrate,
the device pattern generally corresponding to the die
pattern. 49. A method of fabricating microelectronic
imaging units, comprising: providing a plurality of
prefabricated covers on a first substrate, the covers
having windows, stand-offs projecting from the
windows, and cavities defined by the windows and
stand-offs; providing a plurality of microelectronic
imaging dies supported by a second substrate having a
front side and a backside, the individual dies
including an image sensor at the front side, an
integrated circuit electrically coupled to the image
sensor, a plurality of terminals at the front side and
operatively coupled to the image sensor, and a
mounting zone between the image sensor and the
terminals; and assembling a plurality of covers to a
corresponding plurality of imaging dies at least
substantially simultaneously such that the stand-offs
are in the mounting zones of corresponding imaging
dies. 50. The method of claim 49 wherein providing the
plurality of prefabricated covers comprises etching
the first substrate to form the stand-offs. 5 1. The
method of claim 49 wherein providing the plurality of
prefabricated covers comprises forming the stand-offs
by depositing a material onto the first substrate. 



52. The method of claim 49 wherein providing the
plurality of prefabricated covers comprises forming
the stand-offs from the same material as the first
substrate.53. The method of claim 49 wherein providing
the plurality of prefabricated covers comprises
forming the stand-offs from a different material than
the first substrate. 54. The method of claim 49
wherein: providing the plurality of prefabricated
covers comprises etching the cavities into the first
substrate to form stand-offs arranged in a device
pattern; and providing the plurality of
microelectronic imaging dies comprises arranging the
image sensors in a die pattern on the front side of
the second substrate, the device pattern generally
corresponding to the die pattern. 55. The method of
claim 49 wherein assembling the plurality of covers to
the corresponding plurality of imaging dies comprises
assembling the first substrate to the second substrate
in a wafer-to-wafer relationship. 56. A
microelectronic imaging unit assembly, comprising: a
cover workpiece having a first substrate with a
plurality of covers, the first substrate being
transmissive to a radiation, and wherein individual
covers include a window and a stand-off projecting
from the window; and a microfeature workpiece having a
second substrate with a plurality of microelectronic
dies, wherein individual dies include an image sensor,
an integrated circuit electrically coupled to the
image sensor, and a plurality of terminals
electrically coupled to the integrated circuit, the
first and second substrates being coupled together so
that the windows are aligned with corresponding image
sensors and the stand-offs contact the dies outboard
of corresponding image sensors and inboard 



of corresponding terminals such that the stand-offs do
not completely cover the terminals.57. The assembly of
claim 56 wherein the windows are over corresponding
image sensors in a spaced-apart relationship, the
space between the window and corresponding image
sensor defining an enclosed vacant cell. 58. The
assembly of claim 56 wherein the windows are over
corresponding image sensors in a spaced-apart
relationship, the space between the window and
corresponding image sensor defining an enclosed vacant
cell vacuumed to be virtually void of any matter
between the window and the image sensor. 59. The
assembly of claim 56 wherein the windows are over
corresponding image sensors in a spaced-apart
relationship, the space between the window and
corresponding image sensor defining an enclosed vacant
cell filled with an inert gas having a desired
transmissivity. 60. The assembly of claim 56 wherein:
the first substrate includes a plurality of discrete
device sites in a device pattern, a cover being formed
at each device site; and the dies are arranged in a
die pattern on the second substrate, the device
pattern generally corresponding to the die pattern. 6
1. The assembly of claim 56 wherein the covers are
discrete elements each having a recess etched into the
first substrate to form the stand-off. 62. The
assembly of claim 56 wherein the covers are discrete
elements each having the stand-off formed by
depositing a material onto the first substrate. 63.
The assembly of claim 56 wherein: the first substrate
comprises a wafer transmissive to light in the visible
spectrum; and the covers are discrete elements each
having the stand-off formed by depositing a material
onto the wafer, the stand-off being formed of the same
material as the wafer.64. The assembly of claim 56
wherein: the first substrate comprises a wafer
transmissive to light in the visible 



spectrum; and the covers are discrete elements each
having the stand-off formed by depositing a material
onto the wafer, the stand-off being formed from a
different material than the first substrate. 65. The
assembly of claim 56 wherein: the first substrate
comprises a quartz wafer; and the covers are discrete
elements each having the stand-off formed by
depositing a material onto the wafer, the stand-off
being formed of the same material as the wafer. 66.
The assembly of claim 56 wherein: the first substrate
comprises a quartz wafer; and the covers are discrete
elements each having the stand-off formed by
depositing a material onto the wafer, the stand-off
being formed from a different material than the first
substrate. 67. The assembly of claim 56, further
comprising an optics unit assembly having a plurality
of optics units including optic members, the
individual optics units being attached to
corresponding covers so that the individual optic
members are at a desired location relative to
corresponding image sensors. 68. A microelectronic
imaging unit assembly, comprising: a first substrate
being transmissive to a radiation and having a
plurality of discrete device sites arranged in a
device pattern, the first substrate having a cover at
each device site, the individual covers having a
window and a stand-off projecting from the window; and
a second substrate having a plurality of
microelectronic dies arranged in a die pattern
generally corresponding to the device pattern, the
individual dies having an image sensor, an integrated
circuit electrically coupled to the image sensor, and
a plurality of bond-pads electrically coupled tothe
integrated circuit, the first substrate being
assembled with the second substrate so that the
windows are over corresponding image 



sensors in a spaced-apart relationship and the
stand-offs contact the dies outboard of corresponding
image sensors and inboard of corresponding bond-pads
such that the stand-offs do not completely cover the
bond-pads. 69. The assembly of claim 68 wherein the
space between the window and corresponding image
sensor defines an enclosed vacant cell. 70. The
assembly of claim 68 wherein the covers are discrete
elements each having a recess etched into the first
substrate to form the stand-off. 7 1. The assembly of
claim 68 wherein the covers are discrete elements each
having the stand-off formed by depositing a material
onto the first substrate. 72. The assembly of claim 68
wherein: the first substrate comprises a wafer
transmissive to light in the visible spectrum; and the
covers are discrete elements each having the stand-off
formed by depositing a material onto the wafer, the
stand-off being formed of the same material as the
wafer. 73. The assembly of claim 68 wherein: the first
substrate comprises a wafer transmissive to light in
the visible spectrum; and the covers are discrete
elements each having the stand-off formed by
depositing a material onto the wafer, the stand-off
being formed from a different material than the first
substrate. 74. The assembly of claim 68 wherein: the
first substrate comprises a quartz wafer; andthe
covers are discrete elements each having the stand-off
formed by depositing a material onto the wafer, the
stand-off being formed of the same material as the
wafer. 75. The assembly of claim 68 wherein: the first
substrate comprises a quartz wafer; and 



the covers are discrete elements each having the
stand-off formed by depositing a material onto the
wafer, the stand-off being formed from a different
material than the first substrate. 76. A
microelectronic imaging unit assembly, comprising: a
cover workpiece having a first substrate with a
plurality of covers, the first substrate being
transmissive to a radiation, and wherein individual
covers include a window and a stand-off projecting
from the window; a microfeature workpiece having a
second substrate with a plurality of microelectronic
dies, the individual dies including an image sensor,
an integrated circuit electrically coupled to the
image sensor, a plurality of terminals operatively
coupled to the image sensor, and a mounting zone
between the image sensor and the terminals, the first
and second substrates being coupled together so that
the windows are aligned with corresponding image
sensors and the stand-offs contact the dies in
corresponding mounting zones. 77. The assembly of
claim 76 wherein the covers are discrete elements each
having a recess etched into the first substrate to
form the stand-off. 78. The assembly of claim 76
wherein the covers are discrete elements each having
the stand-off formed by depositing a material onto the
first substrate. 79. The assembly of claim 76 wherein:
the first substrate comprises a wafer transmissive to
light in the visible spectrum; andthe covers are
discrete elements each having the stand-off formed by
depositing a material onto the wafer, the stand-off
being formed of the same material as the wafer. 80.
The assembly of claim 76 wherein: the first substrate
comprises a wafer transmissive to light in the visible
spectrum; and the covers are discrete elements each
having the stand-off formed by 



depositing a material onto the wafer, the stand-off
being formed from a different material than the first
substrate. 


