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(57) ABSTRACT 

Microelectronic imagers With curved image sensors and 
methods for manufacturing curved image sensors. In one 
embodiment, a microelectronic imager device comprises an 

Appl. No.: 11/488,848 . . . . . 
imager die having a substrate, a curved microelectromc 

Filed: JUL 19 2006 image sensor having a face With a convex and/or concave 
’ portion at one side of the substrate, and integrated circuitry 

Related U_s_ Application Data in the substrate operatively coupled to the image sensor. The 
imager die can further include external contacts electrically 

Division of application No, 10/922,177, ?led OnAug_ coupled to the integrated circuitry and a cover over the 
19, 2004. Curved image sensor. 
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METHODS FOR MANUFACTURING 
MICROELECTRONIC IMAGERS 

TECHNICAL FIELD 

[0001] The present invention generally relates to micro 
electronic imagers With curved image sensors and methods 
for forming curved image sensors for use in such micro 
electronic 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, 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 more 
pixels. 
[0003] Microelectronic imagers include image sensors 
that use Charged Coupled Device (CCD) systems, Comple 
mentary Metal-Oxide Semiconductor (CMOS) systems, or 
other solid-state systems. CCD image sensors have been 
Widely used in digital cameras and other applications. 
CMOS image sensors are also quickly becoming very popu 
lar because they are expected to have loW production costs, 
high yields, and small siZes. CMOS image sensors can 
provide these advantages because they are manufactured 
using technology and equipment developed for fabricating 
semiconductor devices. CMOS image sensors, as Well as 
CCD image sensors, are accordingly “packaged” to protect 
delicate components and to provide external electrical con 
tacts. 

[0004] FIG. 1 is a schematic side cross-sectional vieW of 
a conventional microelectronic imaging unit 1 including an 
imaging die 10, a chip carrier 30 carrying the die 10, and a 
cover 40 attached to the chip carrier 30 and positioned over 
the die 10. The imaging die 10 includes an image sensor 12 
and a plurality of bond-pads 16 operably coupled to the 
image sensor 12. The chip carrier 30 has a base 32, sideWalls 
34 projecting from the base 32, and a recess de?ned by the 
base 32 and sideWalls 34. The die 10 is received Within the 
recess and attached to the base 32. The chip carrier 30 
further includes an array of terminals 18 on the base 32, an 
array of contacts 24 on an external surface 38, and a plurality 
of traces 22 electrically connecting the terminals 18 to 
corresponding external contacts 24. The terminals 18 are 
positioned betWeen the die 10 and the sideWalls 34 so that 
Wire-bonds 20 can electrically couple the terminals 18 to 
corresponding bond-pads 16 on the die 10. 

[0005] One problem With the microelectronic imaging unit 
1 illustrated in FIG. 1 is that the die 10 must ?t Within the 
recess of the chip carrier 30. Dies having different shapes 
and/or siZes accordingly require chip carriers con?gured to 
house those speci?c types of dies. As such, manufacturing 
imaging units With dies having different siZes requires 
fabricating various con?gurations of chip carriers and sig 
ni?cantly retooling the manufacturing process. 

[0006] Another problem With conventional microelec 
tronic imaging units is that they have relatively large foot 
prints. For example, the footprint of the imaging unit 1 in 
FIG. 1 is the surface area of the base 32 of the chip carrier 
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30, Which is signi?cantly larger than the surface area of the 
die 10. Accordingly, the footprint of conventional micro 
electronic imaging units can be a limiting factor in the 
design and marketability of picture cell phones or PDAs 
because these devices are continually being made smaller in 
order to be more portable. Therefore, there is a need to 
provide microelectronic imaging units With smaller foot 
prints. 
[0007] The imager 1 shoWn in FIG. 1 also has an optics 
unit including a support 50 attached to the chip carrier 30 
and a lens system With a plurality of lenses 70 (identi?ed 
individually by reference numbers 70a-c). Traditional lens 
systems include a plurality of lenses for focusing the image 
at the image sensor 12. Traditional lens systems accordingly 
?atten the ?eld of the image at the image sensor 12 so that 
the image is focused across the face of the image sensor 12. 
In the embodiment shoWn in FIG. 1, for example, the lens 
700 may ?atten the image “I” across the face of the image 
sensor 12. In other conventional systems, one or more of the 
lenses 70a-c can be combined into a single aspherical lens 
that can focus and ?atten an image. 

[0008] Another problem With conventional microelec 
tronic imaging units that lens systems With multiple lenses 
or more complex aspherical lenses are relatively tall and 
complex. Conventional lens systems accordingly have high 
pro?les, can be expensive to manufacture, and may be 
di?icult to assemble. Therefore, it Would be desirable to 
reduce the demands and complexity of lens systems in the 
manufacturing of microelectronic imagers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a schematic side cross-sectional vieW of 
a packaged microelectronic imager in accordance With the 
prior art. 

[0010] FIG. 2 is a cross-sectional vieW illustrating one 
stage of fabricating a plurality of microelectronic imagers at 
the Wafer level in accordance With an embodiment of the 
invention. 

[0011] FIG. 3 is a cross-sectional vieW illustrating a 
subsequent stage of fabricating a plurality of microelectronic 
imagers at the Wafer level in accordance With an embodi 
ment of the invention. 

[0012] FIGS. 4A and 4B are schematic side cross-sec 
tional vieWs illustrating alternative embodiments of micro 
electronic imagers fabricated in accordance With an embodi 
ment of the invention. 

[0013] FIG. 5 is a cross-sectional vieW illustrating an 
embodiment for forming curved image sensors in micro 
electronic imagers in accordance With an embodiment of the 
invention. 

[0014] FIG. 6 is a cross-sectional vieW illustrating an 
embodiment for forming curved image sensors in micro 
electronic imagers in accordance With another embodiment 
of the invention. 

[0015] FIG. 7 is a cross-sectional vieW illustrating an 
embodiment for forming curved image sensors in micro 
electronic imagers in accordance With another embodiment 
of the invention. 

[0016] FIG. 8 is a cross-sectional vieW illustrating a 
process for bending a substrate to fabricate curved micro 
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electronic imagers in accordance With a speci?c embodi 
ment of the method shown in FIG. 7. 

[0017] FIG. 9 is a cross-sectional vieW illustrating another 
embodiment for fabricating curved image sensors in accor 
dance With the invention. 

[0018] FIG. 10 is a cross-sectional vieW illustrating a 
device and method for fabricating curved image sensors in 
accordance With still another embodiment of the invention. 

[0019] FIG. 11 is a cross-sectional vieW illustrating a 
device and method for fabricating curved image sensors in 
accordance With yet another embodiment of the invention. 

[0020] FIGS. 12A and 12B are cross-sectional vieWs 
illustrating a device and a process for fabricating curved 
image sensors in accordance With an embodiment of the 
invention. 

DETAILED DESCRIPTION 

A. OvervieW 

[0021] The folloWing disclosure describes several 
embodiments of microelectronic imagers having curved 
image sensors and methods for fabricating such microelec 
tronic imagers at the Wafer level and at the individual die 
level. In one embodiment, a microelectronic imager device 
comprises an imager die having a substrate, a curved micro 
electronic image sensor having a convex and/or concave 
face at one side of the substrate, and integrated circuitry in 
the substrate operatively coupled to the image sensor. The 
imager die can further include external contacts electrically 
coupled to the integrated circuitry and a cover over the 
curved image sensor. 

[0022] The curved microelectronic image sensor can have 
a convex and/or concave face With a desired radius of 
curvature. For example, the curved image sensor can have a 
face With a single radius of curvature, a plurality of curves 
with different radii, and/ or ?at portions in combination With 
one or more curves. The curved face of the image sensor is 
expected to receive a generally spherical image ?eld such 
that the lens assembly does not need to signi?cantly ?atten 
the ?eld to compensate for a planar sensor array. 

[0023] In an alternative embodiment, a microelectronic 
imager device includes an imager die having a substrate With 
a boWed portion, a microelectronic image sensor having a 
curved face at the boWed portion of the substrate, and 
integrated circuitry electrically coupled to the image sensor. 
The imager device can further include a ?exor unit that 
exerts a force against the substrate to bend or otherWise ?ex 
the substrate to form the boWed portion under the image 
sensor. The ?exor unit, for example, can include a ?rst 
element attached to a ?rst region of the substrate under an 
image sensor, a spacer attached to the substrate outWardly of 
the ?rst element, and a plate attached to the ?rst element and 
the spacer. The ?rst element expands or contracts more or 
less than the spacer to ?ex the substrate. The ?exor unit can 
alternatively comprise a compartment at the front side 
and/or the backside of the substrate and a ?uid in the 
compartment at a pressure that causes the substrate to boW. 
Another embodiment of the ?exor unit can comprise a 
material attached to the backside of the substrate that bends 
the substrate into a desired curvature. The ?exor unit can 
alternatively comprise an actuator attached to the backside 
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of the substrate to ?ex the substrate and bend the image 
sensor into a desired curvature. 

[0024] Another aspect of the invention is a method for 
manufacturing microelectronic imager devices. In one 
embodiment, a such method includes constructing an imager 
die having a substrate, integrated circuitry in the substrate, 
and an image sensor having a curved face at one side of the 
substrate. This method can further include positioning a 
cover over the substrate and/ or bending the substrate to ?ex 
the image sensor. 

[0025] Several details of speci?c embodiments of the 
invention are described beloW With reference to CMOS 
imagers to provide a thorough understanding of these 
embodiments. CCD imagers or other types of sensors, 
hoWever, can be used instead of CMOS imagers in other 
embodiments of the invention. Several details describing 
Well knoWn structures often associated With microelectronic 
devices may not be set forth in the folloWing description for 
the purposes of brevity. Moreover, other embodiments of the 
invention can have different con?gurations or different com 
ponents than those described and shoWn in this section. As 
such, other embodiments of the invention may have addi 
tional elements or may not include all the elements shoWn 
and described beloW With reference to FIGS. 2-12B. 

B. Microelectronic Imagers With Curved Image Sensors 

[0026] FIG. 2 is a side cross-sectional vieW illustrating an 
imager unit assembly 200 having a plurality of microelec 
tronic imager units 202 at one stage of a method for 
packaging imagers in accordance With an embodiment of the 
invention. The assembly 200 illustrated in FIG. 2 includes 
an imager Workpiece 210, standoffs 230 projecting from the 
imager Workpiece 210, and a cover 240 attached to the 
standolfs 230. A plurality of optics units (not shoWn) are 
typically mounted to the cover 240 either before or after 
forming curved image sensors on the imager Workpiece 210 
to fabricate microelectronic imagers. 

[0027] The imager Workpiece 210 includes a substrate 212 
having a front side 214, a backside 216, and an initial 
thickness TO to betWeen the front side 214 and backside 216. 
The imager Workpiece 210 further includes a plurality of 
imaging dies 220 formed on and/or in the substrate 212. 
Individual imaging dies 220 can include an image sensor 
221, integrated circuitry 222 operatively coupled to the 
image sensor 221, and terminals 223 (e.g., bond-pads) 
electrically coupled to the integrated circuitry 222. The 
image sensors 221 can be CMOS devices, CCD image 
sensors, or other solid state devices for capturing pictures in 
the visible spectrum or sensing radiation in other spectrums 
(e.g., IR or UV ranges). As explained in more detail beloW, 
the terminals 223 can be connected to through-Wafer inter 
connects formed according to the processes disclosed in 
US. patent application Ser. No. 10/713,878 entitled “Micro 
electronic Devices, Methods for Forming Vias in Microelec 
tronic Devices, and Methods for Packaging Microelectronic 
Devices,” ?led on Nov. 13, 2003, Which is incorporated by 
reference herein in its entirety. Other embodiments of exter 
nal contacts can include terminals that are at an intermediate 
depth Within the ?rst substrate 212 instead of being at the 
front side 214. 

[0028] The embodiment of the imager unit assembly 200 
illustrated in FIG. 2 is fabricated at the Wafer level such that 
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several imaging units 202 are packaged before singulating 
(e.g., cutting) the ?rst substrate 212, the spacers 230 and the 
cover 240 along lines A-A. One aspect of Wafer-level 
packaging is using automated equipment to further process 
the assembly 200 to form curved image sensors and to install 
optics units (not shoWn) onto the cover 240. FIGS. 3-4B 
illustrate several aspects of forming curved image sensors 
and embodiments of assemblies having curved image sen 
sors. 

[0029] FIG. 3 illustrates the imager unit assembly 200 at 
a subsequent stage of a process for forming curved image 
sensors on the imaging dies 220. At this stage of the process, 
the substrate 212 has been thinned from the initial thickness 
TO to a thickness Tl so that the portions of the substrate 212 
betWeen the standolfs 230 are at least relatively ?exible. In 
several embodiments, the substrate 212 can be thinned using 
a back grinding process, a chemical-mechanical planariZa 
tion process, and/or an etching procedure knoWn in the art 
to form a neW backside 216. The ?nal thickness Tl betWeen 
the front side 214 and the backside 216 can be in the range 
of approximately 20-200 um depending upon the type of 
material. When the substrate 212 is composed of silicon, the 
thickness T1 is generally less than approximately 150 um 
and can be in the range of approximately 20-80 pm. The very 
thin portions of the substrate 212 betWeen the standolfs 230 
acts much like a ?exible membrane, and as such the portions 
of the substrate 212 under the image sensors 221 can be 
?exed to bend the image sensors 221. After thinning the 
substrate, the assembly 200 illustrated in FIG. 3 can be 
further processed to construct the through-Wafer intercon 
nects 224 through the substrate 212 to provide electrical 
contacts on the backside 216 of the substrate 212. Additional 
suitable processes for forming such interconnects are dis 
closed in Us. application Ser. No. 10/879,838, Which is 
herein incorporated by reference. 

[0030] FIG. 4A is a cross-sectional vieW illustrating one 
embodiment of the imager unit assembly 200 after bending 
the substrate 212 to form curved image sensors 221. In this 
embodiment, the substrate 212 has curved portions 250 in 
the areas aligned With the image sensors 221. The curved 
portions 250 are generally discrete boWed regions of the 
substrate 212 that form projecting bumps on the backside 
216. In one embodiment, the curved portions 250 have a 
shape of a portion of a sphere With a radius of curvature R. 
The curved portions 250 are not limited to a spherical 
con?guration and can have other con?gurations With one or 
more curves and/or ?at portions depending upon the par 
ticular application. 

[0031] The image sensors 221 ?ex as the curved portions 
250 of the substrate 212 are formed such that the image 
sensors 221 have curved faces 260. The curvature of each 
curved face 260 is con?gured so that the array on the curved 
face 260 is at a desired focal distance for the image. In the 
embodiment illustrated in FIG. 4A, the curved image sen 
sors 221 have concave curved faces 260 relative to the 
direction of the radiation to accommodate non-planar image 
?elds. 

[0032] The curved image sensors 221 With the curved 
faces 260 are expected to (a) reduce the complexity of 
fabricating lens systems and (b) increase the options of lens 
systems that can be used With the imagers. For example, 
because the image sensors 221 have curved faces 260, the 
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image ?eld does not need to be ?attened using optics to the 
same extent as image ?elds need to be ?attened for planar 
image sensors. This is expected to eliminate the need for 
?eld ?attening lenses in the optics units that are attached to 
the cover 240, or at least reduce the complexity of ?elds 
?attening lenses. Therefore, the imaging dies 220 illustrated 
in FIG. 4A reduce the constraints on lens designs such that 
feWer lenses or less complex lenses can be used to reduce the 
cost of fabricating microelectronic imagers. 

[0033] The curved image sensors 221 illustrated in FIG. 
4A are also advantageous because they are particularly 
Well-suited for miniature camera applications that require a 
Wide-angle ?eld of vieW and/or have a short focal distance. 
One problem With miniature cameras is that it is di?icult to 
adequately ?atten the image ?eld because the focal distance 
betWeen the lenses and the image sensors 221 is extremely 
short. As a result, images from conventional miniature 
cameras are typically focused at the center but out of focus 
at the periphery. The curved image sensors 221 mitigate this 
problem because the periphery of the image sensors 221 is 
at, or at least closer to, the desired focal distance of the 
image ?eld. The curved image sensors 221 are also expected 
to be very useful for megapixel Wide-angle applications that 
have longer focal distances for the same reason. Therefore, 
the curved image sensors 221 are further expected to provide 
better quality images for miniature cameras or other appli 
cations that have a Wide-angle ?eld of vieW. 

[0034] FIG. 4B is a cross-sectional vieW illustrating 
another embodiment of the imager unit assembly 200 having 
a plurality of imaging dies 220 With curved image sensors 
221. In this embodiment, the curved portions 250 of the 
substrate 212 project into the cavity betWeen the cover 240 
and the substrate 212. The curved portions 250 accordingly 
form small discrete dimples on the backside 216 of the 
substrate 212 such that the image sensors 221 have convex 
curved faces 260 relative to the direction of the radiation. As 
described above, the curved portions 250 can have the shape 
of a portion of a sphere having a radius of curvature R, but 
other con?gurations may also be suitable. 

C. Methods and Devices for Forming Curved Image Sensors 

[0035] FIG. 5 is a cross-sectional vieW of an embodiment 
of fabricating curved image sensors using a plurality of 
?exor units 500 attached to the backside 216 of the substrate 
212. The ?exor units 500 can be positioned at each imaging 
die 220 or only at knoWn-good imaging dies 220 depending 
upon the particular application. The individual ?exor units 
500 include a ?rst element 510 attached to the backside 216 
of the substrate 212 under a corresponding image sensor 
221. The ?rst elements 510, for example, can be expansion/ 
contraction members attached to the substrate 212 at areas 
aligned With the central regions of the corresponding image 
sensors 221. The individual ?exor units 500 can further 
include a spacer 520 arranged outWardly from the ?rst 
element 510 and a plate 530 attached to the ?rst element 510 
and the spacer 520. In one embodiment, the ?rst elements 
510 are made from a material having a ?rst coe?icient of 
thermal expansion, and the spacers 520 are made from a 
material having a second coe?icient of thermal expansion 
less than that of the ?rst elements 510. In other embodi 
ments, the ?rst elements 510 can be a shape memory metal, 
such as Nitinol, and the spacers 520 can be a substantially 
incompressible material. 
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[0036] The ?exor units 500 operate by expanding/con 
tracting the ?rst elements 510 either more or less than the 
spacers 520 to bend the substrate 212 in the local regions 
under corresponding image sensors 221. For example, the 
?exor units 500 can be attached to the substrate 212 at an 
elevated temperature, and then the assembly can be cooled 
such that the ?rst elements 510 exert local forces (arroWs F) 
that bend the substrate 212 into the concave curved portions 
250 (shoWn in dashed lines) similar to those shoWn in FIG. 
4A. The spacers 520 in this example contract less than the 
?rst elements 510 as they cool. Alternatively, the ?rst 
elements 510 can have a loWer coe?icient of thermal expan 
sion than the spacers 520 such that the ?rst element 510 
exerts a force in the opposite direction to form convex 
curved portions similar to those illustrated in FIG. 4B. 

[0037] FIG. 6 is a cross-sectional vieW illustrating another 
embodiment for fabricating curved image sensors in micro 
electronic imagers using a plurality of ?exor units 600 
attached to the backside 216 of the substrate 212 under 
corresponding imaging dies 220. In this embodiment, indi 
vidual ?exor units 600 include a compartment 610 and a 
?uid in the compartment 610 at a pressure that causes the 
substrate 212 to how (not shoWn in FIG. 6) in a manner that 
?exes a corresponding image sensor 221. In one embodi 
ment, the compartments 610 can be attached to the substrate 
212 in a loW pressure environment such that the pressure 
inside the compartments 610 is less than the pressure in 
chambers 620 over the corresponding image sensors 221. 
The pressure differential between the compartments 610 and 
the chambers 620 exerts a force F 1 that draWs the portions 
of the substrate 212 under the image sensors 221 into the 
compartments 610 to form curved portions (not shoWn) 
similar to the concave curved portions 250 illustrated above 
With respect to FIG. 4A. Alternatively, the compartments 
610 can be attached to the substrate 212 in a high pressure 
environment such that the pressure in the compartments 610 
is greater than the pressure in the chambers 620. This second 
embodiment exerts a force F2 against the substrate 212 to 
drive the portions of the substrate 212 under the image 
sensors 221 into the chambers 620 to form a convex cur 

vature on the image sensors 221 as illustrated above With 
respect to FIG. 4B. The pressure in the compartments 610 
can also be set by vacuuming or pressuriZing the compart 
ments 610 using gas or ?uid lines connected to the com 
partments 610. 

[0038] FIG. 7 is a cross-sectional vieW illustrating yet 
another embodiment for forming curved image sensors on 
the assembly 200 using ?exor units 700 attached to the 
backside 216 of the substrate 212 underneath corresponding 
image sensors 221. In this embodiment, the ?exor units 700 
can be a material that expands or contracts in a manner that 
bends the portions of the substrate 212 under the image 
sensors 221 into a concave and/or convex curvature. The 

?exor units 700, for example, can be an epoxy deposited 
onto the backside 216 of the substrate 212 and then cured in 
a manner that causes the epoxy to contract. As the epoxy 

contracts, it is expected to bend the substrate 212 to form 
convex curved portions similar to those illustrated above 
With respect to FIG. 4B. The epoxy can be deposited in 
many con?gurations, including a circle, radial starburst 
pattern, or other suitable pattern. The ?exor units 700 can 
alternatively be small members of a shape memory alloy that 
assumes a desired con?guration When it is in an operating 
temperature range. For example, the shape memory alloy 
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may be attached to the substrate 212 at a ?rst temperature 
and then expand, contract or otherWise ?ex as it reaches an 
operating temperature range to bend the local regions of the 
substrate 212 under the image sensors 221 in a manner that 
forms concave and/or convex portions similar to those 
illustrated above With respect to FIG. 4A or 4B. 

[0039] FIG. 8 is a cross-sectional vieW illustrating yet 
another embodiment of a ?exor unit 700 having a ?rst 
material 710 and a second material 720. The ?rst material 
710 typically has a higher coe?icient of thermal expansion 
than the second material 720. As such, When the ?exor 700 
cools to an operating temperature range, the ?rst material 
710 contracts by a greater extent (arroWs C 1) than the second 
material 720 (arroWs C2). The difference in contraction is 
expected to cause the ?exor unit 700 to exert a doWnWard 
force against the substrate 212 to form a concave curved face 
260 (illustrated in dashed lines). In one embodiment, the ?rst 
layer 710 can be composed of aluminum and the second 
layer 720 can be composed of Kovar to form a bimetallic 
plate. 

[0040] FIG. 9 illustrates another embodiment for bending 
the image sensors 221 to have curved faces With a desired 
curvature. In this embodiment, ?exor units 900 are de?ned 
by sealed chambers over the image sensors 221 and a ?uid 
in the sealed chambers at a pressure P. The pressure of the 
?uid causes the substrate 212 to ?ex in the regions under the 
image sensors 221 as shoWn in FIGS. 4A and 4B. In one 
embodiment, the cover 240 is assembled to the standolfs 230 
in an environment at a pres sure higher than ambient pres sure 
such that the pressure in the sealed chambers drives the 
portions of the substrate 212 under the image sensors 221 
outWardly to form the concave faces on the image sensors as 
illustrated in FIG. 4A. In an alternative embodiment, the 
cover 240 is assembled to the spacers 230 in an environment 
at a pressure loWer than the ambient temperature such that 
the substrate 212 is draWn into the compartments to form 
convex curved faces on the image sensors as illustrated in 
FIG. 4B. 

[0041] FIG. 10 illustrates another embodiment for bend 
ing the image sensors into a desired curvature in accordance 
With the invention using a plurality of ?exor units 1000 
attached to the backside of the substrate 212 under corre 
sponding image sensors 221. In this embodiment, the indi 
vidual ?exor units 1000 include a bracket 1002 attached to 
the backside 216 of the substrate 212 and an actuator 1010 
attached to the bracket 1002. The actuator 1010 can have a 
?rst end 1012 in contact With the backside 216 of the 
substrate 212 underneath a central portion of a correspond 
ing image sensor 221. The actuator 1010 can further include 
a second end 1014 attached to the bracket 1002 and a line 
1016 for transmitting electrical signals or carrying ?uids to 
control the actuator 1010. In one embodiment, the actuator 
1010 is a pieZoelectric element and the line 1016 is an 
electrically conductive Wire that can be coupled to a control 
unit. In a different embodiment, the actuator can be a bladder 
or other type of structure that can be expanded/ contracted by 
adjusting a ?uid pressure. In still another embodiment, the 
actuator 1010 can be a pneumatic or hydraulic cylinder. In 
operation, the actuator 1010 moves upWardly to form a 
convex curved face on the image sensor 221 (see FIG. 4B) 
or doWnWardly to form a concave curved face on the image 
sensor 221 (see FIG. 4A). The actuators 1010 can also be 
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operated in real time While using an imaging unit to provide 
?ne adjustment of the focus for Wide-angle applications and 
other applications. 

[0042] FIG. 11 illustrates still another embodiment for 
bending the image sensors into a desired curvature. In this 
embodiment, a ?exor unit 1100 is de?ned by a transparent 
cover attached to the standoff 230 at an elevated tempera 
ture. The transparent ?exor unit 1100 has a coef?cient of 
thermal expansion greater than that of the substrate 212 such 
that the ?exor unit 1100 contracts more than the substrate 
212 as the assembly is cooled. The corresponding contrac 
tion of the ?exor unit 1100 causes the substrate 212 to bend 
as shoWn by arroWs B to form a concave curved face on the 
image sensor 221 as shoWn above With respect to FIG. 4A. 

[0043] FIGS. 12A and 12B are cross-sectional vieWs that 
illustrate still another embodiment for bending the image 
sensors into a desired curvature in accordance With the 
invention using curved ?exor units 1200 attached to the 
backside of the substrate 212. The ?exor units 1200 are 
vacuum cups having an opening 1202 and an interior surface 
1204 With a curvature corresponding to the desired curvature 
for the image sensors 221. FIG. 12A illustrates the process 
before the substrate 212 is bent to form the curved face on 
the image sensor 221. At this stage, there is a gap 1206 
betWeen the backside 216 of the substrate 212 and the 
interior surface 1204 of the ?exor unit 1200. To bend the 
substrate 212, a vacuum is draWn through the opening 1202. 
Referring to FIG. 12B, the vacuum draWn through the 
opening 1202 draWs the backside 216 of the substrate 212 
against the interior surface 1204 of the ?exor unit 1200. The 
backside 216 of the substrate 212 and/or the interior surface 
1204 of the ?exor unit 1200 can be covered With an adhesive 
that adheres the backside 216 of the substrate 212 to the 
interior surface 1204 of the ?exor unit 1200. The ?exor unit 
1200 can further include interconnects 1224 that contact the 
interconnects 224 to carry the backside electrical contacts 
from the substrate 212 to the exterior surface of the ?exor 
unit 1200. 

[0044] From the foregoing, it Will be appreciated that 
speci?c embodiments of the invention have been described 
herein for purposes of illustration, but that various modi? 
cations may be made Without deviating from the spirit and 
scope of the invention. For example, the substrate 212 can 
have patterns of trenches or other voids etched on the front 
side 214 and/or the backside 216 to preferentially direct the 
?exure of the substrate 212 using any of the embodiments 
described above With respect to FIGS. 5-12B. Similarly, 
ridges or other protrusions can be formed on the substrate 
212 in lieu of or in addition to voids to preferentially direct 
the ?exure of the substrate. Accordingly, the invention is not 
limited except as by the appended claims. 

1-64. (canceled) 
65. A method of manufacturing a microelectronic imager 

device, comprising: constructing an imager die having a 
substrate, integrated circuitry in the substrate, and an image 
sensor having a curved face at one side of the substrate; and 
positioning a cover over the substrate. 

66. The method of claim 65, further comprising bending 
the image sensor to form a concave and/or convex contour 
across at least a portion of the face of the image senor. 

67. The method of claim 66 Wherein bending the image 
sensor comprises moving an expansion/contraction element 
attached to a backside of the substrate under the imager die. 
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68. The method of claim 66 Wherein bending the substrate 
comprises attaching a ?exor unit to the backside of the 
substrate. 

69. The method of claim 68 Wherein the ?exor unit 
comprises a bimetallic plate, a shape memory alloy and/or 
an epoxy. 

70. The method of claim 68 Wherein the ?exor unit 
comprises a vacuum cup having an interior surface With a 
curve attached to the substrate. 

71. The method of claim 68 Wherein the ?exor unit 
comprises a compartment at the backside of the substrate 
and a ?uid in the compartment at a pressure that causes the 
substrate to bend. 

72. The method of claim 65, further comprising thinning 
the substrate and ?exing a local region of the substrate under 
the image sensor to bend the image sensor. 

73. The method of claim 72 Wherein thinning the substrate 
comprises reducing the thickness of the substrate to a 
thickness of approximately 125 mum. 

74. The method of claim 72 Wherein thinning the substrate 
comprises reducing the thickness of the substrate to a 
thickness of approximately 20-100 mum. 

75. A method of manufacturing a microelectronic imager 
device, comprising: providing a substrate having an imager 
die With an image sensor at one side of the substrate and an 
integrated circuit operatively coupled to the image sensor; 
positioning a cover over the image sensor; and bending the 
substrate and the imager die to bend the image sensor. 

76. A method of manufacturing microelectronic imager 
devices, comprising: forming a plurality imager dies on a 
substrate, Wherein individual imager dies include a micro 
electronic image sensor and an integrated circuit electrically 
coupled to the image sensor; and boWing discrete regions of 
the substrate at the image sensors to bend the image sensors. 

77. A method of manufacturing microelectronic imager 
devices, comprising: 

providing an imager die having a substrate, integrated 
circuitry in the substrate, and an image sensor located 
at one side of the substrate 

and coupled to the integrated circuitry; 

providing a curved ?exor unit including a curved surface 
having a desired curvature for the image sensor; and 

conforming a portion of the substrate Where the image 
sensor is located to the curved surface of the ?exor unit. 

78. The method of claim 77 Wherein providing a curved 
?exor unit comprises providing a vacuum cup having the 
curved surface and an opening through Which a vacuum can 
be draWn against a backside of the substrate aligned With the 
cup. 

79. The method of claim 77 Wherein conforming a portion 
of the substrate to the curved surface of the ?exor unit 
comprises draWing a backside of the substrate aligned With 
the image sensor against the curved surface and adhering the 
backside of the substrate to the curved surface. 

80. The method of claim 77 Wherein the imager die further 
comprises backside interconnects electrically coupled to the 
integrated circuitry, and the curved ?exor unit further com 
prises providing vacuum cup having an opening through 
Which a vacuum can be draWn and interconnects con?gured 
to be connected With the backside interconnects of the 
imager die, and Wherein the method further comprises 
electrically connecting the backside interconnects of the 
imager die to the interconnects of the curved ?exor unit. 

* * * * * 


