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(57) ABSTRACT 
Microelectronic imagers With integrated optical devices and 
methods for manufacturing imagers. The imagers, for 
example, typically have an imaging unit including a ?rst 
substrate and an image sensor on and/ or in the ?rst substrate. 
An embodiment of an optical device includes a stand-oiT 
having a compartment con?gured to contain the image 
sensor. The stand-oiT has a coe?icient of thermal expansion 
at least substantially the same as that of the ?rst substrate. 
The optical device can further include an optics element in 
alignment With the compartment of the stand-oiT. The stand 
oiT can be formed by etching a compartment into a silicon 
Wafer or a Wafer of another material having a coef?cient of 
thermal expansion at least substantially the same as that of 
the substrate upon Which the image sensor is formed. The 
optics elements can be formed integrally With the stand-oiTs 
or separately attached to a cover supported by the stand-oiTs. 
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MICROELECTRONIC IMAGERS WITH 
INTEGRATED OPTICAL DEVICES AND 
METHODS FOR MANUFACTURING SUCH 

MICROELECTRONIC IMAGERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application No. 60/605,565 ?led Aug. 30, 
2004, Which is incorporated herein by reference in its 
entirety. 

TECHNICAL FIELD 

[0002] The present invention is related to microelectronic 
imagers and methods for packaging microelectronic imag 
ers. Several aspects of the present invention are directed 
toWard optical devices including stand-offs having a coef 
?cient of thermal expansion that is at least substantially the 
same as that of the substrate upon Which the image sensors 
are fabricated. Additional aspects of the invention are 
directed toWard installing such optical devices and Wafer 
level packaging of microelectronic imagers. 

BACKGROUND 

[0003] 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. 

[0004] 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. 

[0005] 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 20 attached to the 
die 10, and a housing 30 attached to the interposer 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. 

[0006] The die 10 includes an image sensor 12 and a 
plurality of bond-pads 14 electrically coupled to the image 
sensor 12. The interposer 20 is typically a dielectric ?xture 
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 inter 
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poser 20 by Wire-bonds 28 to provide electrical pathWays 
betWeen the bond-pads 14 and the ball-pads 24. The inter 
poser 20 can also be a lead frame or ceramic housing. 

[0007] 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. 

[0008] One problem With packaging conventional micro 
electronic imagers is that it is dif?cult to accurately align the 
lens With the image sensor. Referring to FIG. 1, the center 
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 dif?cult to achieve With conventional 
imagers because the support 50 may not be positioned 
accurately on the housing 30. Moreover, because the barrel 
60 is threaded onto the support 50, the necessary clearance 
betWeen the threads can cause misalignment betWeen the 
axes of the support 50 and the housing 60. Therefore, there 
is a need to align lenses With image sensors With greater 
precision in more sophisticated generations of microelec 
tronic imagers. 

[0009] 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 manually 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 subjective 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 exceptionally time-consuming and subject to 
operator errors. 

[0010] Yet another concern of conventional microelec 
tronic imagers is that they have relatively large footprints 
and occupy a signi?cant amount of vertical space (i.e., high 
pro?les). The footprint of the imager in FIG. 1 is the surface 
area of the bottom of the interposer 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 pro?les. 

[0011] 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 inef?cient and subject to error. The 
conventional imager 1 shoWn in FIG. 1 is also expensive 
because each cover 40 is individually attached to the hous 
ing 30, and each housing 30 is individually attached to an 
interposer 20. Moreover, the support 50 and barrel 60 are 
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assembled separately for each die 10 individually after the 
dies have been singulated from a Wafer and attached to the 
interposer 20. Therefore, there is a signi?cant need to 
enhance the ef?ciency, reliability and precision of packaging 
microelectronic imagers. 

[0012] Still another concern of convention microelec 
tronic imagers is that they are subject to failures caused by 
contaminants getting into the enclosed spaces of the housing 
30 and the barrels 60. More speci?cally, moisture or other 
contaminants can enter into such enclosed spaces because 
leaks can develop along the interfaces betWeen the inter 
poser 20, housing 30, support 50, and barrel 60. The image 
sensor 12, cover 40 and lens 70 can also be contaminated by 
outgassing over time. Therefore, there is also a signi?cant 
need to produce more robust packages that are not prone to 
leaking and outgassing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a schematic cross-sectional vieW of a 
packaged microelectronic imager in accordance With the 
prior art. 

[0014] FIG. 2A is a How chart illustrating a method of 
Wafer-level packaging of microelectronic imagers in accor 
dance With one embodiment of the invention. 

[0015] FIG. 2B is a cross-sectional vieW illustrating a 
plurality of microelectronic imagers packaged at the Wafer 
level in accordance With an embodiment of the invention. 
Several features are schematically shoWn in FIG. 2B and 
explained in greater detail in FIGS. 3A-18. 

[0016] FIGS. 3A-3C are schematic side cross-sectional 
vieWs illustrating stages of a method of forming components 
of optical devices in accordance With an embodiment of the 
invention. 

[0017] FIGS. 4A and 4B are, schematic cross-sectional 
vieWs illustrating-stages of the method of constructing opti 
cal devices in accordance With an embodiment of the 
invention. 

[0018] FIG. 5 is a schematic cross-sectional vieW illus 
trating a method of constructing optical devices in accor 
dance With the invention. 

[0019] FIGS. 6A and 6B are schematic side cross-sec 
tional vieWs illustrating stages of a method of constructing 
optical devices in accordance With an embodiment of the 
invention. 

[0020] FIGS. 7A-7F are schematic side cross-sectional 
vieWs illustrating stages of a method for constructing optical 
devices in accordance With an embodiment of the invention. 

[0021] FIGS. 8A and 8B are schematic side cross-sec 
tional vieWs illustrating stages of a method for installing 
optical devices in accordance With another embodiment of 
the invention. 

[0022] FIG. 9 is a schematic side cross-sectional vieW 
illustrating another embodiment of constructing optical 
devices in accordance With an embodiment of the invention. 

[0023] FIG. 10 is a schematic side cross-sectional vieW 
illustrating another embodiment of constructing optical 
devices in accordance With an embodiment of the invention. 
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[0024] FIGS. 11A-11D illustrate stages of a method for 
constructing optical devices in accordance With an embodi 
ment of the invention. 

[0025] FIG. 12 is a top plan vieW ofa plurality of optical 
devices constructed in accordance With an embodiment of 
the invention. 

[0026] FIGS. 13A and 13B are schematic cross-sectional 
vieWs illustrating additional embodiments of optical devices 
constructed in accordance With the invention. 

[0027] FIG. 14 is a schematic side cross-sectional vieW 
illustrating a Wafer-level assembly of microelectronic imag 
ers packaged in accordance With an embodiment of the 
invention. 

[0028] FIG. 15 is a schematic side cross-sectional vieW 
illustrating a Wafer-level assembly of microelectronic imag 
ers packaged in accordance With an embodiment of the 
invention. 

[0029] FIGS. 16A and 16B are isometric vieWs illustrating 
stages of a method for constructing stand-offs for optical 
devices used in Wafer-level packaging of microelectronic 
imagers in accordance With an embodiment of the invention. 

[0030] FIG. 17 is a schematic side cross-sectional vieW 
illustrating a Wafer-level assembly of microelectronic imag 
ers assembled in accordance With an embodiment of the 
invention. 

[0031] FIG. 18 is a schematic side cross-sectional vieW 
illustrating a Wafer-level assembly of microelectronic imag 
ers assembled in accordance With an embodiment of the 
invention. 

DETAILED DESCRIPTION 

A. OvervieW 

[0032] The folloWing disclosure describes several 
embodiments of microelectronic imagers With integrated 
optical devices and methods for manufacturing such micro 
electronic imagers. One aspect of the invention is directed 
toWard methods of manufacturing integrated optical devices 
for use in microelectronic imagers. The microelectronic 
imagers, for example, typically have an imaging unit includ 
ing a ?rst substrate and an image sensor on and/or in the ?rst 
substrate. An embodiment of one such method for fabricat 
ing an optical device comprises forming a stand-off having 
a compartment con?gured to contain the image sensor. The 
stand-off has a coef?cient of thermal expansion at least 
substantially the same as that of the ?rst substrate. This 
method further includes ?xedly positioning an optics ele 
ment in alignment With the compartment of the stand-off. As 
explained in more detail beloW, the stand-off can be formed 
by etching a compartment into a silicon Wafer or a Wafer of 
another material having a coef?cient of thermal expansion at 
least substantially the same as that of the substrate upon 
Which the image sensor is formed. The optics elements can 
be ?xedly positioned in alignment With the compartments of 
the stand-offs by forming the optics elements integrally With 
the stand-offs or attaching the optics elements to a plate or 
other layer of material supported by the stand-offs. 

[0033] Another aspect of the invention is directed toWard 
a microelectronic imager having an optical device. One 
embodiment of such a microelectronic imager comprises an 
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imaging unit having an image sensor formed on and/or in a 
?rst substrate and a plurality of external contacts on the ?rst 
substrate. The external contacts are operably coupled to the 
image sensor. The microelectronic imager further comprises 
an optical device having a stand-off attached to the ?rst 
substrate. The stand-off includes a compartment in Which the 
image sensor is positioned, and the stand-off has a coeffi 
cient of thermal expansion that is at least approximately the 
same as that of the ?rst substrate. The stand-off, for example, 
can be composed of silicon, silicon dioxide, gallium ars 
enide, or other III-V semiconductor compounds. The optical 
devices can further include an optics element ?xedly posi 
tioned in alignment With the compartment of the stand-off. 
The optics element can be formed integrally With the stand 
off or be a separate component that is attached to the 
stand-off. The optics element, for example, can be a focus 
lens, a dispersion lens, a pin-hole lens, anti-re?ective coat 
ings and/or ?lters. 

[0034] 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, other types of imagers, or 
other types of sensors, hoWever, can be used instead of the 
CMOS imagers in other embodiments of the invention. 
Several details describing structures that are 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 include different components than those 
described in this section. Such other embodiments of the 
invention may accordingly have additional elements or may 
not include all the elements shoWn and described beloW With 
reference to FIGS. 2A-18. 

B. Microelectronic Imagers Packaged at the Wafer Level 

[0035] FIG. 2A is a How chart of a Wafer-level packaging 
process 200 for packaging a plurality of microelectronic 
imagers. The packaging process 200 includes an imaging 
unit procedure 202, an optics procedure 204, and an assem 
bly procedure 206. 

[0036] The imaging unit procedure 202 comprises provid 
ing an imager Workpiece having a ?rst substrate and a 
plurality of imaging units on and/ or in the ?rst substrate. The 
imaging units can each include an image sensor and a 
plurality of external electrical contacts operatively coupled 
to the image sensor. For example, the external contacts can 
be arrays of backside contact pads coupled to corresponding 
image sensors by through-Wafer interconnects. 

[0037] The optics 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 ?rst 
substrate. The optical devices include a stand-off composed 
of a material having a coef?cient of thermal expansion that 
is at least approximately equal to the coef?cient of thermal 
expansion of the ?rst substrate. The optical devices further 
include an optics element, such as a focus lens, dispersion 
lens, pin-hole lens, anti-re?ective coating and/or a ?lter. 

[0038] The assembly procedure 206 comprises assembling 
the optical devices With corresponding imaging units before 
cutting the imager Workpiece and/ or the optical device 
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Workpiece. The assembly procedure 206 can include assem 
bling the optical devices With the imaging units before 
cutting either the ?rst substrate or the second substrate, and 
then cutting both the ?rst 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. 

[0039] FIG. 2B is a side cross-sectional vieW schemati 
cally illustrating an embodiment of an imager Workpiece 
210 formed in accordance With one embodiment of the 
imaging unit procedure 202. The imager Workpiece 210 
includes a ?rst substrate 212 having a front side 214 and a 
backside 216. The imager Workpiece 210 further includes a 
plurality of imaging dies 220 (i.e., imaging units) formed on 
and/or in the ?rst substrate 212. Individual imaging dies 220 
can include an image sensor 221, integrated circuitry (IC) 
222 operatively coupled to the image sensor 221, and 
external contacts 224 electrically coupled to the integrated 
circuitry 222. The image sensors 221 can be CMOS devices 
or CCD image sensors for capturing pictures or other images 
in the visible spectrum, but the image sensors 221 can be 
sensors that detect radiation in other spectrums (e.g., IR or 
UV ranges). The embodiment of the external contacts 224 
shoWn in FIG. 2 provides a small array of ball-pads Within 
the footprint of the individual imaging dies 220. Each 
external contact 224, for example, can include a terminal 
225 (e.g., ball-pad), a contact pad 226 (e.g., ball-pad), and a 
through-Wafer interconnect 227 coupling the terminal 225 to 
the contact pad 226. The through-Wafer interconnects 227 
can be formed according to the processes disclosed in US. 
patent application Ser. No. 10/713,878 entitled “Microelec 
tronic Devices, Methods for Forming V1as in Microelec 
tronic Devices, and Methods for Packaging Microelectronic 
Devices,” ?led on Nov. 13, 2003 (Perkins Coie docket no. 
10829.8742US00), Which is incorporated by reference 
herein in its entirety. Other embodiments of external con 
tacts can include contacts having traces that Wrap around the 
side of the ?rst substrate 212 or front side contacts instead 
of the through-Wafer interconnects 227. 

[0040] FIG. 2B also schematically illustrates the optics 
procedure 204 and the assembly procedure 206. The aspects 
of the optics procedure 204 and the assembly procedure 206 
shoWn in FIG. 2B are shoWn in broken lines as these are 
schematic representations that are described in more detail 
beloW With reference to FIGS. 3A-18. Referring back to 
FIG. 2B, the optics procedure 204 includes forming a 
plurality of optical devices on an optical device assembly 
240 that is con?gured to be assembled With a plurality of the 
imaging dies 220 at the Wafer level. The optical device 
assembly 240 can include stand-offs 250 and covers 252 that 
de?ne compartments 256 in Which the image sensors 221 are 
contained. The optical device assembly 240 can further 
include optics elements 270 attached to and/or formed 
integrally With the stand-offs 250 and/or the covers 252. As 
explained in more detail beloW, the optics elements 270 can 
be lenses and/or layers of materials that provide the desired 
optical characteristics for presenting the selected radiation to 
the image sensors 221. 

[0041] The imaging Workpiece 210 and the optical device 
assembly 240 illustrated in FIG. 2 can be assembled at the 
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Wafer level such that a plurality of imagers 280 are 
assembled before cutting the ?rst substrate 212 to separate 
the individual image sensors 280 from each other. One 
aspect of Wafer-level packaging is forming the optical 
devices using sophisticated micromachining processes to 
integrate the stand-offs 250, covers 252 and optics elements 
270 in an integrated assembly. Additional aspects of Wafer 
level packaging include using automated handling equip 
ment to install the optical devices such that the optics 
elements 270 are aligned With and spaced apart from the 
corresponding image sensors. FIGS. 3A-18 illustrate several 
embodiments of methods for, (a) constructing the optical 
devices and (b) assembling the optical devices With the 
imaging units 220 for Wafer-level packaging of microelec 
tronic imagers. 

C. Optical Devices and Procedures for Forming Optical 
Devices 

[0042] FIGS. 3A-3C illustrate an embodiment of a method 
for forming stand-offs and covers for use in Wafer-level 
packaging of microelectronic imagers. FIG. 3A is a side 
cross-sectional vieW illustrating a second substrate 310 from 
Which the stand-offs are formed and a cover stratum 320 
from Which the covers are formed. The second substrate 310 
is composed of a material having a coef?cient of thermal 
expansion that is at least substantially equal to the coef?cient 
of thermal expansion of the ?rst substrate 212 (FIG. 2B) 
upon Which the image sensors 221 (FIG. 2B) and the 
integrated circuitry 222 (FIG. 2B) is formed. The second 
substrate 310, for example, can be a silicon Wafer or another 
type of Wafer composed of suitable III-V semiconductor 
materials. The second substrate 310 can accordingly include 
silicon germanium, silicon dioxide or gallium arsenide. In 
this embodiment, the cover stratum 320 is deposited onto the 
second substrate 310 using vapor deposition processes or 
other types of deposition processes, but it can alternatively 
be a separate component (i.e., thin plate) that is attached to 
the upper surface of the second substrate 310. The cover 
stratum 320 can be silicon dioxide (e.g., quartz), other types 
of glass, or other materials having the desired transmissivity 
for the particular radiation. The cover stratum 320 can 
accordinglyI be an IR ?ltering material. An optional coating 
330 can be formed on the cover stratum 320 and/or the 
bottom surface of the second substrate 310 (not shoWn on 
FIG. 3A). The coating 330 can be a ?lm or stack of ?lms for 
?ltering selected spectrums of radiation (e.g., IR or UV) 
and/or providing anti-re?ective properties. The coating 330 
can be applied using vapor deposition or sputtering pro 
cesses knoWn in the art. 

[0043] Referring to FIG. 3B, a mask 340 is formed on the 
exposed side of the second substrate 310. The mask includes 
a plurality of openings 342 through Which the second 
substrate 310 can be etched. As shoWn in FIG. 3C, a plurality 
of stand-offs 350 are formed from the second substrate 310 
and a plurality of covers 352 are de?ned by regions of the 
cover stratum 320. The stand-offs 350 include sideWalls 354 
that de?ne compartments 360 con?gured to contain the 
image sensors 221 (FIG. 2B). The second substrate 310 can 
be etched using an isotropic etch or an anistropic etch 
depending on the particular applications to form the stand 
olfs 350 and expose the covers 352. After the second 
substrate 310 has been etched, the mask 340 can be stripped 
from the second substrate 310. 
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[0044] The embodiment of the method shoWn in FIG. 
3A-3C forms a plurality of optical devices 370 integrated in 
an optical device assembly 380. The optical devices 370 can 
be mounted to the imager Workpiece 210 (FIG. 2B) for 
Wafer-level packaging of the image sensors. The optical 
devices 370 are attached to the ?rst substrate 212 (FIG. 2B) 
by stripping the mask 340 from the second substrate 310 and 
aligning the covers 352 With corresponding image sensors 
221 (FIG. 2B). The stand-offs 350 can be attached to the 
second substrate 212 using an adhesive and/or a Weld. The 
image sensors 221 are accordingly contained Within corre 
sponding compartments 360. Additional features, such as 
focus lenses, dispersion lenses and/ or pin-hole lenses, can be 
added to the top and/or bottom surfaces of the covers 352 
either before or after attaching the stand-offs 350 to the ?rst 
substrate 212. 

[0045] The illustrated embodiments of the optical devices 
370 provide several advantages compared to conventional 
optical devices in microelectronic imagers. For example, the 
stand-offs 350 and the covers 352 are formed as an integral 
unit using precise micromachining processes. This alloWs 
the stand-offs 350 to have precise dimensions for accurately 
aligning the optics elements With corresponding image sen 
sors using automated equipment. As such, the optical device 
assembly 380 is particularly Well suited for Wafer-level 
packaging of microelectronic imagers using automated 
equipment to avoid the time-consuming and labor intensive 
methodology that is currently used to manually assemble 
optical devices With imaging dies. The optical device assem 
bly 380 shoWn in FIG. 3C is accordingly expected to 
signi?cantly enhance the throughput and the accuracy of 
packaging microelectronic imagers. 

[0046] Another advantage of the illustrated embodiment 
of the optical device assembly 380 is that the optical devices 
370 are less likely to leak or outgas contaminants into the 
compartments 360 after being assembled With the imaging 
dies 220 (FIG. 2B). First, the sideWalls 354 are formed 
integrally so that there are no seams betWeen adjacent Walls, 
and the covers 352 are deposited on or otherWise attached to 
the stand-offs 350 in a manner that provides an integral 
?ve-sided protection for the compartments 360. This limits 
the areas Where leaks can occur to the interface betWeen the 
stand-offs 350 and the ?rst substrate 212 (FIG. 2B). This is 
much better than the conventional device 1 shoWn in FIG. 1 
because the convention imager 1 is subject to leaking 
betWeen the interposer 20 and the housing 30, the cover 40 
and the housing 30, the support 50 and the housing 30, and 
the barrel 60 and the support 50. Second, the optical devices 
370 are fabricated from silicon, glass or other suitable 
ceramic materials that do not outgas into the compartments 
360. This is a signi?cant improvement over the organic 
materials of the housing 30 and the interposer 20 that outgas 
contaminants and moisture. Therefore, the optical devices 
370 are further expected to signi?cantly mitigate contami 
nation of the image sensors that can be caused by leaks or 
outgassing. 

[0047] Still another advantage of the illustrated embodi 
ments of the optical devices 370 is that they are dimension 
ally stable over a large temperature range to (a) provide 
consistent optical properties and (b) further mitigate leaking. 
The optical devices 370 and the imaging dies 220 (FIG. 2B) 
provide a dimensionally % stable package because the 
stand-offs 350 are formed from a material having a coef? 



US 2007/0148807 A1 

cient of thermal expansion that is at least substantially that 
of the second substrate 212 (FIG. 2B). More speci?cally, the 
second substrate 310 from Which the stand-offs 350 are 
formed is typically silicon, glass or a ceramic that expands 
and contracts approximately the same amount as the ?rst 
substrate 212 to mitigate inducing stress at the interface 
betWeen the stand-offs 350 and the ?rst substrate 212. This 
is expected to be a signi?cant improvement over stand-offs 
formed using polymers or other similar materials that have 
a coef?cient of thermal expansion that is substantially dif 
ferent than that of the ?rst substrate 212. The optical devices 
370 With the stand-offs 350 are accordingly expected to 
signi?cantly reduce the occurrence of leaks that are caused 
by temperature induced stresses betWeen the stand-offs 350 
and the ?rst substrate 212. Moreover, the dimensional 
changes of the optical devices 370 caused by different 
temperatures is much less than that of polymers such that the 
optical devices 370 provide a more consistent focal distance 
and alignment With the image sensors 221 (FIG. 2B) for 
better optical performance. 

[0048] 
[0049] FIGS. 4A and 4B illustrate a method for forming 
optical devices 430 (FIG. 4B) in accordance With another 
embodiment of the invention. Referring to FIG. 4A, the 
stand-offs 350 and covers 352 are formed as described above 
With reference to FIGS. 3A-3C. FIG. 4A further illustrates 
forming topside lenses by depositing or otherWise attaching 
an optics material layer 410 to the cover stratum 320. The 
optics material layer 410 can be composed of glass, poly 
meric materials or other materials that are suitable for 
forming lenses or other optical members on the cover 
stratum 320. Referring to FIG. 4B, optics elements 420 are 
formed on the covers 352 by patterning and etching the 
optics material layer 410 (FIG. 4A) With suitable mask/etch 
procedures. The optics elements 420 typically include a 
curved surface 422 for focusing and/or dispersing the radia 
tion as it passes through the optics elements 420. The curved 
surface 422 is shoWn schematically in FIG. 4B; in practice 
the optics elements 420 can have compound curved surfaces 
With convex and/or concave curvatures relative to the cover 

stratum 320. Additionally, the radius of curvature for the 
various compound curves can vary across the curved surface 
422 to provide the desired optical properties. 

[0050] The individual optical devices 430 are de?ned by 
the stand-offs 350, covers 352 and optics elements 420. The 
optical devices 430 in the embodiment shoWn in FIG. 4B are 
arranged in an optical device assembly 440 that can be 
attached directly to the ?rst substrate 212 (FIG. 2B) for 
packaging a plurality of microelectronic imagers at the 
Wafer level as described above. 

1. Top Side Optics Elements 

[0051] FIG. 5 is a side cross-sectional vieW schematically 
illustrating a method for fabricating optical devices 530 in 
accordance With another embodiment of the invention. In 
this embodiment, a plurality of optics elements 520 are 
constructed separately from the stand-offs 350 and the cover 
stratum 320. The optical elements 520 are then attached to 
the upper surface of the cover stratum 320 at corresponding 
covers 352 to form the optical devices 530. The optics 
elements 520 can be attached using an adhesive or polymer 
With suitable optical properties, and the adhesive can cover 
the bottom of the optics elements 520 or be placed around 
the edges of the optics elements 520. The optical devices 530 
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can be arranged in an optical device assembly 540 for 
Wafer-level packaging microelectronic imagers as described 
above. 

[0052] FIGS. 6A and 6B illustrate another method for 
forming optical devices 630 (FIG. 6B) in accordance With 
another embodiment of the invention. Referring to FIG. 6A, 
a plurality of blocks 610 are deposited or otherWise attached 
to the cover stratum 320 over the covers 352. The blocks 610 
are composed of a suitable optical material that changes 
shape When exposed to heat, radiation (e.g., UV, RF, etc.), 
ultrasonic or other sources of energy during a curing cycle. 
Referring to FIG. 6B, a plurality of individual optics ele 
ments 620 having curved surfaces 622 are formed by curing 
the blocks 610 (FIG. 6A) to fabricate the optical devices 
630. The optical devices 630 are arranged in an optical 
device assembly 640 that can be attached to the ?rst sub 
strate 212 (FIG. 2B) to assemble the optical devices 630 
With corresponding imaging dies 220 (FIG. 2B) at the Wafer 
level. 

[0053] The optics element 620 can have several con?gu 
rations. As shoWn by a dotted line in FIG. 6B, for example, 
the optics elements 620 can be very close to each other to 
form an continuous or at least nearly continuous layer on the 
cover stratum 320. Additionally, the optics elements 620 can 
be covered With an optional hard shell that folloWs the 
contour of the optics elements similar to the dotted line. 
Suitable hard shells are typically composed of loW tempera 
ture materials, such as loW temperature SiO2, that are 
deposited using vapor deposition process, spin-on tech 
niques or other processes. 

[0054] 2. Bottom Side Optics Elements 

[0055] FIGS. 7A-7F illustrate stages of a method for 
forming optical devices 770 (FIG. 7F) in accordance With 
another embodiment of the invention. Referring to FIG. 7A, 
the process begins by providing a second substrate 710 
having a coef?cient of thermal expansion at least substan 
tially equal to that of the ?rst substrate 212 (FIG. 2B). The 
second substrate 710, for example, can be a silicon Wafer or 
other material described above. The method continues by 
forming a mask 712 on the second substrate 710. The mask 
712 includes a plurality of openings 714 arranged in a 
pattern for forming optics elements. 

[0056] FIGS. 7B-7D illustrate subsequent stages for form 
ing a plurality of stand-offs With individual optics elements. 
Referring to FIG. 7B, a plurality of depressions 716 are 
etched into the second substrate 710 through the openings 
714 of the mask 712. The depressions 716 can be etched 
isotropically to have a desired surface curvature for the 
optics elements, and several mask/etch procedures may be 
required to form the desired curvature in the depressions. 
Referring to FIG. 7C, the mask 712 is stripped off and an 
optics material layer 718 is deposited onto the second 
substrate 710. The optics material layer 718 can be deposited 
using vapor deposition processes, sputtering, spin-on tech 
niques, stenciling or other suitable procedures. The optics 
material layer 718 is composed of glass, silicon dioxide, 
polymeric materials or other materials that are suitable for 
the optics elements. As shoWn in FIG. 7D, an upper portion 
of the optics material layer 718 is then removed to form a 
plurality of optics elements 720 in the depressions 716 of the 
second substrate 710. Although FIG. 7D shoWs an embodi 
ment in Which the optics material layer 718 remains only in 
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the depress ions, it Will be appreciated that a portion of the 
optics material layer 718 can remain on the substrate 710 
betWeen the depressions 716. The upper portion of the optics 
material layer 718 can be removed using chemical-mechani 
cal planariZation procedures to endpoint the procedure at a 
?nal surface 721. As knoWn in the art of semiconductor 
fabrication, the ?nal surface 721 and the individual optics 
elements 720 can be formed With a high degree of accuracy 
and planarity using chemical-mechanical planariZation pro 
cesses. 

[0057] FIGS. 7E and 7F illustrate subsequent stages for 
forming the optical devices 770 (FIG. 7F) arranged in an 
optical device assembly 780 (FIG. 7F). Referring to FIG. 
7E, a mask 730 having opening 732 is formed on an opposite 
surface of the second substrate 710. Referring to FIG. 7F, the 
substrate 710 is then etched to form a plurality of stand-offs 
750 having sideWalls 754 de?ning compartments 760 
aligned With corresponding optics elements 720. The optics 
elements 720 are integral With the stand-offs 750 in the 
illustrated embodiment of the optical devices 770. Addition 
ally, the optics elements 720 also de?ne individual covers 
for enclosing corresponding image censors Within the com 
partments 760. 

[0058] FIGS. 8A and 8B illustrate stages of a method for 
forming lenses directly in the same material as the stand-offs 
in accordance With another embodiment of the invention. 
The lenses shoWn in FIGS. 8A and 8B are illustrated upside 
doWn for processing, but they are typically inverted for 
installation. Referring to FIG. 8A, a second substrate 810 is 
etched through a plurality of openings 814 of a mask layer 
812 to form a plurality of cavity lenses 820 and stand-offs 
850. The etching process can be an isotropic etch to form a 
curved surface that provides the desired optical character 
istics to the optics elements 820. In this embodiment, the 
optics elements 820 include a thin apex portion 822 that is 
su?iciently transmissive to the desired radiation. FIG. 8B 
illustrates a subsequent stage of this method in Which a 
plurality of optical devices 860 are produced after the mask 
812 is stripped from the ?rst substrate 810. The optical 
devices 860 can further include an optional cover stratum 
870 that is deposited on or otherWise attached to the second 
substrate 810. The cover stratum 870 can be composed of 
quartz or another suitable material for ?ltering certain spec 
trums of radiation. After forming the optics elements 820, 
the optical devices 860 are inverted so that footings 851 of 
the optics supports 850 can be attached to the ?rst substrate 
212 (FIG. 2B). 

[0059] FIG. 9 is a side cross-sectional vieW illustrating an 
optical device 910 formed in accordance With another 
embodiment of the invention. The optical device 910 is 
illustrated in an upside doWn orientation, but it Will be 
appreciated that the optical device 910 is attached to the ?rst 
substrate 212 (FIG. 2B) right side up. Additionally, only a 
single optical device 910 is shoWn in FIG. 9, but a plurality 
of such optical devices can be constructed in accordance 
With this embodiment of the invention. The optical device 
910 includes the cover stratum 320, the stand-offs 350, a 
cover 352 and a cavity 360. The optical device 910 further 
includes an optics element 920 attached to the backside of 
the cover stratum 320 Within the cavity 360. The optical 
element 920 can be formed by depositing a layer of material 
on the backside of the cover stratum 320 and then etching 
the material to form the optics element 920 in a manner 
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similar to that described above With reference to FIGS. 
4A-4B. In another embodiment, the optic element 920 can 
be formed by depositing a block of material onto the 
backside of the cover stratum 320 and then curing it to form 
the optics element 920 in a manner similar to that described 
above With reference to FIGS. 6A-6B. 

[0060] FIG. 10 is a side cross-sectional vieW illustrating a 
method for forming an optical device 1010 in accordance 
With another embodiment of the invention. In this embodi 
ment, an optics element 1020 is formed separate from the 
cover stratum 320 and then attached to the backside of the 
cover stratum 320 in the compartment 360. The optics 
elements 1020 can be substantially similar to those 
described above With reference to FIG. 5. 

[0061] FIGS. 11A-11D illustrate an embodiment of form 
ing a plurality of optical devices 1170 (FIG. 11D) in accor 
dance With another embodiment of the invention. Referring 
to FIG. 11A, this method includes providing a second 
substrate 1110 and a cover stratum 1120 on the second 
substrate 1110. The second substrate 1110 can be composed 
of silicon or another material having a coefficient of thermal 
expansion that is at least substantially equal to that of the 
?rst substrate containing the image sensors as described 
above. The stratum 1120 can be glass, quartZ, silicon nitride, 
or another type of material deposited on or otherWise 
attached to the ?rst substrate 1110. The stratum 1120 is 
patterned and etched to form a plurality of openings 1122 
that are exposed to the upper surface of the ?rst substrate 
1110 (FIG. 11B). The openings 1122 can alternatively be 
mechanically machined into the stratum 1122. Referring to 
FIG. 11C, the ?rst substrate 1110 is then patterned and 
etched to form a plurality of stand-offs 1150 that have 
sideWalls 1154 de?ning compartments 1156. The stand-offs 
1150 can be etched into the ?rst substrate 1110 as described 
above With reference to FIGS. 3A-3C. 

[0062] The method further includes installing a plurality 
of optics elements 1160 in the openings 1122. Referring to 
FIG. 11D, the optics elements 1160 are typically adhered or 
Welded to the stratum 1120 to form an optical device 
assembly 1180 having a plurality of optical devices 1170. 
The optics elements 1160 are formed separately from the 
stratum 1120 and the stand-offs 1150. For example, the 
optics elements 1160 can be molded and/or etched a’s 
separate, discrete components. The optics elements 1160 are 
generally dispersion lenses, focus lenses and/or pin-hole 
lenses. As such, the optics elements 1160 can have one or 
more concave and/or convex surfaces. The optics elements 
1160 can also have anti-re?ective ?lms and/or ?lters coating 
the upper and/or the loWer surfaces. 

[0063] FIG. 12 is a top plan vieW illustrating, one embodi 
ment of the optical devices 1170 constructed as shoWn in 
FIGS. 11A-11D. The openings 1122 can include reference 
elements 1124, such as notches or tabs, that interface With a 
corresponding reference element 1126 of an optics element 
1160. The reference elements 1124 and 1126 insure that the 
optics elements are properly positioned in, the openings 
1122 With the correct rotational orientation. The optics 
elements 1160 can accordingly have asymmetric con?gura 
tions, that require the optics elements 1160 to have the 
correct rotational orientation Within the openings 1122. 

[0064] 3. Stacked Optical Devices 
[0065] FIGS. 13A and 13B illustrate additional embodi 
ments of microelectronic imagers in accordance With the 










