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(57) ABSTRACT 
An imager apparatus and methods are described. An embodi 
ment of an imager module includes a plurality of groups of 
optical lenses, a lens frame, and at least one associated lens 
barrel configured to position and hold the plurality of groups 
of optical lenses. At least one of the groups of optical lenses is 
movable with respect to at least one other group of optical 
lenses for achieving optical focus. The imager module 
includes an integrated circuit (IC) imager die in proximity to 
the plurality of lenses, the imager die containing at least one 
image capture microelectronic device. The imager module 
includes a modular frame assembly that contains a first por 
tion that holds a plurality of lens barrels, each containing one 
or more focusing lenses, and a second portion that supports 
the first portion at a specific distance from the Substrate being 
imaged. The lens barrels are each responsive to different 
wavelengths or bands of wavelengths. The first and second 
portions include minimal, partial, or full partition structures 
between the imaging areas defined by the lens barrels. 

va 
2-21 

2 

) 

402 
G1) 

L3 (G2) 

404 

  

  

  

  

    

  



Patent Application Publication Dec. 10, 2009 Sheet 1 of 36 US 2009/0302205 A9 

N 1 I- N 
2222222222222 

30 
N O 

2222 

FIG.1 
(PRIOR ART) 

  

  

    

  

  

      

  

  



Patent Application Publication Dec. 10, 2009 Sheet 2 of 36 US 2009/0302205 A9 

O 6 
0.5 
0.5 

0.45 
0.4 

0.35 
0.3 

0.25 
0.2 

0.15 

0.10,696.299 0.716299 0.736299 
THICKNESS IN MILLIMETERSON SURFACE 9 

FIG.2 
(PRIOR ART) 



US 2009/0302205 A9 Patent Application Publication Dec. 10, 2009 Sheet 3 of 36 

FIG.3 

  



US 2009/0302205 A9 Patent Application Publication Dec. 10, 2009 Sheet 4 of 36 

404 

L2 (G1) (G1) L1 

400 

FIG.4 
  

  

  

  

  

  

  



Patent Application Publication Dec. 10, 2009 Sheet 5 of 36 US 2009/0302205 A9 

O 6 
0.5 
0.5 

0.45 
0.4 

0.35 
0.3 

0.25 
0.2 

0.15 
0. 1 0.33 0.35 0.37 

THICKNESS IN MILLIMETERSON SURFACE 5 

FIG.5 



US 2009/0302205 A9 Patent Application Publication Dec. 10, 2009 Sheet 6 of 36 

602 

FIG.6 

  



Patent Application Publication Dec. 10, 2009 Sheet 7 of 36 US 2009/0302205 A9 

  



Patent Application Publication Dec. 10, 2009 Sheet 8 of 36 US 2009/0302205 A9 

A 
en 
Co s 

22 
rt 

(). s 

> It 
S 

E. 
22 al 

2 

22, 2. 2   

    

    

  



Patent Application Publication Dec. 10, 2009 Sheet 9 of 36 US 2009/0302205 A9 

1100 
  



Patent Application Publication Dec. 10, 2009 Sheet 10 of 36 US 2009/0302205 A9 

1001 

  



US 2009/0302205 A9 Patent Application Publication Dec. 10, 2009 Sheet 11 of 36 

VIOZI 

ZI 

OIH 
70ZI 

W90ZI 

  





Patent Application Publication Dec. 10, 2009 Sheet 13 of 36 US 2009/0302205 A9 

1302 

1304 

1306 

FIG.13B 

1306 1308 

1304 

FIG.13C 

  



Patent Application Publication Dec. 10, 2009 Sheet 14 of 36 US 2009/0302205 A9 

1310 

S. 

= 
1316 

FIG.13D 

1318 1317 1322 1320 

2 

FIG.13E 



Patent Application Publication Dec. 10, 2009 Sheet 15 of 36 US 2009/0302205 A9 

1310 1310 

1302 

2-1316 

  



Patent Application Publication Dec. 10, 2009 Sheet 16 of 36 US 2009/0302205 A9 

FIG.13G 

FIG.13H 

  

  



Patent Application Publication Dec. 10, 2009 Sheet 17 of 36 US 2009/0302205 A9 

FIG.13 

  



Patent Application Publication Dec. 10, 2009 Sheet 18 of 36 US 2009/0302205 A9 

  



Patent Application Publication Dec. 10, 2009 Sheet 19 of 36 

R1 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 

&xxxx 

1402R 1402G 

eS2S2SXXXXXXXXXX-A %2S&2 63& OXOXOXOXOXXXXXXXX, S&2&&. S&&& 
SSXxx SxXXXXXXX &S 
KXXXXXXXXXXXXXXX) 
&xxxxxx 
Xx SX 

KXXXXXXXXXXXXXXX N& 

US 2009/0302205 A9 

  



US 2009/0302205 A9 Patent Application Publication Dec. 10, 2009 Sheet 20 of 36 

  



Patent Application Publication Dec. 10, 2009 Sheet 21 of 36 US 2009/0302205 A9 

/ 

1604- / R 1604B 
Trimlf 1610 

1608 | IR/ r 1604D 
1604C / 

a 

1612C 

  



US 2009/0302205 A9 Patent Application Publication Dec. 10, 2009 Sheet 22 of 36 

  



Patent Application Publication Dec. 10, 2009 Sheet 23 of 36 US 2009/0302205 A9 

g 

  



Patent Application Publication Dec. 10, 2009 Sheet 24 of 36 US 2009/0302205 A9 

1904A 1904B 

1904C 1904D 

FIG.19 

  



US 2009/0302205 A9 Patent Application Publication Dec. 10, 2009 Sheet 25 of 36 

Off00Z WIOZ 

700Z 

  



US 2009/0302205 A9 Patent Application Publication Dec. 10, 2009 Sheet 26 of 36 

  

  

  

  



ZZ'OIH 

US 2009/0302205 A9 

JOSS000IJ 

Patent Application Publication Dec. 10, 2009 Sheet 27 of 36 

  



US 2009/0302205 A9 Patent Application Publication Dec. 10, 2009 Sheet 28 of 36 

CI?Z'OIH `~ WZIZZ `~ WZIZZ 

088Z 788 Z 989 Z 

  

  



Z877 

US 2009/0302205 A9 Patent Application Publication Dec. 10, 2009 Sheet 29 of 36 

  



US 2009/0302205 A9 2009 Sheet 30 Of 36 9 Patent Application Publication Dec. 10 

TE=T-TFIT-TOE 07$Z`~' ),~ !7IÇZ {{ZISZWZISZ 
(~00$Z 

  



Patent Application Publication Dec. 10, 2009 Sheet 31 of 36 US 2009/0302205 A9 

2612C 

  



2,01% WLZTOIH 

US 2009/0302205 A9 

JOSS000IJ JOSS000IJ [9?UBUOJOSUOS 

JOSS000IJ 

JOSS000IJ JOSS000IJ 

u1. 

Patent Application Publication Dec. 10, 2009 Sheet 32 of 36 

  



US 2009/0302205 A9 Patent Application Publication Dec. 10, 2009 Sheet 33 of 36 

FIG.27B 

  



US 2009/0302205 A9 Patent Application Publication Dec. 10, 2009 Sheet 34 of 36 

FIG.27C 

  



US 2009/0302205 A9 Patent Application Publication Dec. 10, 2009 Sheet 35 of 36 

(GSm“3:0) 

FIG.27D 

  



US 2009/0302205 A9 

JOS$900J? 1808 238UI 

Âu??III, JOSIOS 

Patent Application Publication Dec. 10, 2009 Sheet 36 of 36 

  



US 2009/0302205 A9 

LENS FRAME AND OPTICAL FOCUS ASSEMBLY 
FOR IMAGER MODULE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 1 1/212.803, entitled “Apparatus 
for Multiple Camera Devices and Method of Operating 
Same filed on Aug. 25, 2005; and is related to U.S. patent 
application Ser. No. 1 1/478,242, entitled “Method and Appa 
ratus for Use in Camera and Systems Employing Same filed 
on Jun. 29, 2006, which are each entirely incorporated by 
reference herein. 

TECHNICAL FIELD 

0002 The following disclosure relates generally to optical 
devices and more particularly to a frame assembly for mount 
ing lens elements for microelectronic imaging circuitry. 

BACKGROUND 

0003. Unlike traditional film cameras that use film to cap 
ture and store an image, digital cameras use Solid-state micro 
electronic image sensors to capture an image and use digital 
memory to store the image. The microelectronic image sen 
sors are small silicon chips (also referred to as integrated 
circuits or ICs), or die. The microelectronic image sensors are 
variously referred to as imager chips or ICs, image capture 
chips or ICs, imager die or microelectronic imagers. An 
imager chip contains thousands to millions of photosensitive 
detectors called photosites. The combination of a photosite 
and its circuitry is referred to as a pixel. When the shutter 
(mechanical and/or electrical) is open or enabled, each pho 
tosite records the intensity or brightness of the incident light 
by accumulating a charge; the more light, the higher the 
charge. The brightness and/or color data for a corresponding 
pixel of the captured image is Subsequently read out from the 
capture circuitry to digitization circuitry and then to digital 
storage circuitry. Digitization can be accomplished on the 
imager chip (for example within the pixel, at each array 
column, or after row/column multiplexing) or accomplished 
with analog-to-digital circuitry external to the imager cir 
cuitry. The digital values representing brightness and color 
can then be used to reconstruct the captured image on a 
variety of display mechanisms or ink printed paper. 
0004 Microelectronic imagers are used in digital cam 
eras, cell phones, Personal Digital Assistants (PDAs), other 
wired and wireless devices with picture taking (image cap 
ture) capabilities, and many other imaging applications. The 
market for microelectronic imagers has been steadily increas 
ing as they become Smaller and produce better quality images 
with higher pixel counts. In order to reduce manufacturing 
cost and size of the entire image sensor, new approaches are 
required to reduce optics complexity, improve optical perfor 
mance, simplify and automate optics alignment, and reduce 
overall component count and size in the final image sensor 
assembly. 

0005 Microelectronic sensors include integrated circuits 
such as Charged Coupled Device (CCD) image sensors or 
Complementary Metal-Oxide Semiconductor (CMOS) 
image sensors. CCD image sensors have been widely used in 
digital cameras because of their high performance. CMOS 
image sensors are displacing the CCD in many applications 
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because performance is rapidly improving comparable to the 
CCD, and the high yields of the CMOS fabrication process 
enable low production costs for each imager chip. CMOS 
image sensors can provide these advantages because they are 
manufactured using technology and equipment developed for 
fabricating standard integrated circuit semiconductor 
devices. CMOS image sensors, as well as CCD image sen 
sors, are packaged to protect the delicate components, inter 
face with optical components and provide external electrical 
COntactS. 

0006 FIG. 1 is a cross-sectional view of a conventional 
microelectronic imager module 1 with a conventional pack 
age and associated optics. The imager module 1 includes an 
integrated circuit die 10, an interposer substrate 20 attached to 
the die 10, and a housing 30 attached to the interposer sub 
strate 20. The housing 30 surrounds the periphery of the 
imager die 10 and has an opening 32. The imager module 1 
also includes an optically transparent cover 40 over the die 10. 
0007. The integrated circuit die 10 includes an image sen 
Sor region and associated circuitry 12 and a number of bond 
pads 14 electrically coupled to the electrical circuitry 12. The 
interposer substrate 20 has a plurality of wire bond-pads 22, a 
plurality of bump/solder-pads 24, and traces 26 electrically 
coupling bond-pads 22 to corresponding bump? solder-pads 
24. The bump? solder-pads 24 are arranged in an array for 
Surface mounting the imager 1 to a board or module of 
another device. The wire bond-pads 14 on the die 10 are 
electrically coupled to the wire bond-pads 22 on the inter 
poser substrate 20 by wire-bonds 28 to provide electrical 
pathways between the wire bond-pads 14 and the bump/ 
solder-pads 24. 
0008. The imager module 1 also has an optics unit includ 
ing 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 an assembly of lenses 70 carried by the 
barrel 60. The optical focus is achieved by moving all the 
lenses in unison towards the imaging sensor until optimal 
performance is achieved. 
0009. One problem with packaging a conventional micro 
electronic imager conventionally as shown in FIG. 1 is that 
the resultant imaging module has a relatively large footprint. 
The footprint of the imager module 1 for example is the 
surface area of the bottom of the interposer substrate 20. This 
is typically much larger than the surface area of the die 10 and 
can be a limiting factor in the design and marketability of 
picture cell phones or PDAs because these devices are con 
tinually shrinking to be more portable. Therefore, there is a 
need to provide microelectronic imager modules with Smaller 
footprints. 

0010 Another problem with packaging a conventional 
microelectronic imager is the complexity of the optical 
assembly and focus mechanism. The optical assembly 70 
typically has a diameter significantly larger than the image 
sensor region12. The optical assembly is connected to a lens 
barrel 60 that adds additional diameter size to the imager 
footprint. The lens barrel 60 has threads 62 that mate with 
threads 52 on the support 50. These sets of threads align the 
optics to the image sensor and provided movement in the 
Z-dimension to obtain accurate optical focus and sharpness of 
image. All the precision aligned optic lenses in the assembly 
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70 are displaced together in the z-direction to adjust the back 
focal length and focus the imager. The combination of optical 
assembly 70, barrel 60 and support 50 further increases the 
diameter size and module footprint. The use of threads and 
barrel rotation, R, with respect to the support 50 to focus the 
optics is difficult to implement in an automated assembly of 
the imager. The thread movement is also a source of particles 
than can eventually reside over the imaging area where they 
may degrade image quality. The requirement for threads also 
increases cost of the module. Alignment of the image capture 
components can be difficult, particularly in Small cameras 
(e.g., cameras in mobile telephones) because multiple devices 
are mounted on the interposer Substrate and the tolerances 
accumulate to reduce the precision with which the image 
capture device components can be aligned. 

0011 What is needed, therefore, is an imager module that 
reduces optical complexity while maintaining high imaging 
performance, alleviates mechanical alignment problems, 
allows automated assembly, requires fewer components, pro 
vides Smaller overall imager module footprint and less elec 
trical interfaces than prior art solutions. What is also needed 
is an imager module that requires fewer manufacturing steps, 
shorter assembly time and lower cost as compared to prior 
imager modules. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a cross-sectional view of an imager module 
in accordance with the prior art using back focal length 
adjustment focus methods. 

0013 FIG. 2 is a diagram illustrating variation in MTF 
with change of BFL (40-micron Z-axis combined lens group 
travel) in prior art apparatus. 

0014 FIG. 3 is a cross-sectional view of a three element 
optical configuration for an imager module, under an embodi 
ment. 

0.015 FIG. 4 is a cross-sectional view of an imager module 
that includes a three-element optical configuration, under an 
embodiment. 

0016 FIG. 5 is a diagram illustrating variation in MTF 
with change of LGS (40-micron Z-axis lens group separation 
travel), under an embodiment. 
0017 FIG. 6 is a diagram illustrating three lens optical 
configuration Surface contours, under an embodiment. 

0018 FIG. 7 is a cross-sectional view of a single channel 
imager module, under an embodiment. 

0.019 FIG. 8 is another cross-sectional view of a single 
channel imager module rotated 90 degrees, under an embodi 
ment. 

0020 FIG. 9 is a cross-sectional view of a two channel 
imager module, under an embodiment. 

0021 FIG. 10 is a cross-sectional view of an imager mod 
ule and signal processor, under an embodiment. 

0022 FIG. 11 is an isometric view of a solid state camera 
optics frame with three channels, under an embodiment. 
0023 FIG. 12 is a cross-sectional view of part of animager 
module, under an embodiment. 
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0024 FIG. 13A is an isometric view of an imaging module 
including an optics frame assembled with three lens group 
assemblies, under an embodiment. 

0.025 FIG. 13B is a top view of an upper portion of a 
multi-part lens frame, under an embodiment. 
0026 FIG. 13C is a side view of the upper portion of the 
multi-part lens frame of FIG. 13A. 

0027 FIG. 13D is a side view of a lens barrel for use in a 
lens frame, under an embodiment. 

0028 FIG. 13E is a side view of a lower frame portion for 
use with the upper portion of FIG. 13B, under an embodi 
ment. 

0029 FIG. 13F is a side-view illustrating a multi-part lens 
frame assembly comprising upper and lower frame portions, 
under an embodiment. 

0030 FIG. 13G is a top view illustration of a unitary lens 
frame assembly having a central Support structure, under a 
first embodiment. 

0031 FIG. 13H is a side view of the unitary lens frame 
assembly of FIG. 13G. 

0032 FIG. 13I is a top view of a unitary lens frame assem 
bly having a central Support structure, under a second 
embodiment. 

0033 FIG. 13J is a side view of the unitary lens frame 
assembly of FIG. 13I. 

0034 FIG. 13K is an isometric view of a subframe assem 
bly having a central Support structure, under an embodiment. 
0035 FIG. 14 is a top view of a three channel imager 
module, under an embodiment. 

0036 FIG. 15 is a block diagram of a digital camera, under 
an embodiment. 

0037 FIG. 16 is an exploded view of a digital camera 
Subsystem, under an embodiment. 
0038 FIG. 17 is a block diagram of a digital camera hav 
ing a three array/lens configuration, under an embodiment. 

0039 FIG. 18 is a block diagram of a digital camera sub 
system that employs separate arrays on one image sensor, 
under an embodiment. 

0040 FIG. 19 is a block diagram of arrays, each of which 
receives a respective color as passed by a respective lens, 
under an embodiment. 

0041 FIG. 20 is a block diagram of processing circuitry of 
a digital camera Subsystem, under an embodiment. 
0042 FIG. 21 is a block diagram of signal processing 
circuitry, under an embodiment. 
0043 FIG. 22 is an exploded perspective view of a digital 
camera, under an embodiment. 

0044 FIGS. 23 A-23D are schematic exploded represen 
tations of one embodiment of an optics portion, under an 
embodiment. 

0045 FIGS. 24A-24C are schematic representations of a 
sensor array, under an embodiment. 
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0046 FIG. 25 is a schematic cross-sectional view of a 
digital camera apparatus, under an embodiment. 
0047 FIG. 26 is a schematic perspective view of a digital 
camera apparatus having one or more optics portions with the 
capability to provide color separation, under an embodiment. 
0.048 FIG. 27A is a block diagram of a processor of a 
digital camera Subsystem, under an embodiment. 
0049 FIG. 27B is a block diagram of a channel processor 
of a digital camera Subsystem, under an embodiment. 
0050 FIG. 27C is a block diagram of an image pipeline of 
a digital camera Subsystem, under an embodiment. 
0051 FIG. 27D is a block diagram of an image post pro 
cessor of a digital camera Subsystem, under an embodiment. 
0.052 FIG.28 is a block diagram of digital camera system, 
including system control components, under an embodiment. 

INCORPORATION BY REFERENCE 

0053 All publications and patent applications mentioned 
in this specification are herein incorporated by reference to 
the same extent as if each individual publication or patent 
application was specifically and individually indicated to be 
incorporated by reference. 

DETAILED DESCRIPTION 

0054 Embodiments of a lens assembly and frame for an 
imager module are described below. Embodiments include an 
optical configuration of an imager module, and a method for 
mounting and focusing to image sensor microelectronic cir 
cuitry. In an embodiment, at least group of optical lenses in an 
optical channel is movable with respect to another group of 
optical lenses in the same optical channel for achieving opti 
cal focus. Embodiments of the imager module include a 
modular frame assembly that contains an upper portion that 
holds a plurality of lens barrels, each containing one or more 
focusing lenses, and a lower portion that Supports the upper 
portion at a specific distance from the Substrate being imaged. 
The lenses of each separate lens barrels are responsive to 
different wavelengths or bands of wavelengths. The first and 
second portions include minimal, partial, or full partition 
structures between the imaging areas defined by the lens 
barrels. 

0055 FIG. 3 is a cross-sectional view of a three element 
optical configuration 300 for an imager module, under an 
embodiment. An imager module using optical configuration 
300 can be used in a compact Solid state camera, for example, 
but is not so limited. Optical configuration 300 includes three 
lenses L1, L2, and L3 in two or more groups. For example, the 
optical configuration of an embodiment groups the three 
lenses L1, L2, and L3 into two groups G1 and G2, but is not 
so limited. Group G1 is formed by fixing lenses L1 and L2 
together. In an embodiment, lenses L1 and L2 have approxi 
mately the same diameter. Group G2 includes lens L3 that is 
closest to (also referred to as being in proximity to) an image 
sensor focal plane 304. Alternative embodiments can include 
fewer or greater than three lenses as appropriate to a host 
device configuration. Furthermore, in alternative embodi 
ments the lenses of the imager module can be grouped in any 
number of groups and/or configurations. For example, lenses 
L2 and L3 of optical configuration 300 can be grouped 
together in one alternative embodiment. 
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0056. The imager module of an embodiment replaces the 
BFL focus adjustment using Z-movement of the entire optical 
assembly by a different focus method referred to herein as 
Lens Group Separation (LGS). Under LGS the optical lenses 
of the imager module are separated into two separate groups 
G1 and G2 as described above. In an embodiment, group G1 
(also referred to as the upper lens group) is located on the 
object side, and group G2 (also referred to as the lower lens 
group) is located on the image side. The imager module is 
focused by fixing one lens group position along the Z-axis and 
moving the other group along the Z-axis relative to the other 
group. The Z-axis is orthogonal to the sensor focal plane 304. 
Each group, G1 and G2, can have one or more individual 
lenses. 

0057 The LGS focus method of an embodiment can move 
either lens group relative to the other lens group. The move 
ment of G1 relative to G2 is preferred in some applications 
because G1 and its focusing mechanism (not shown) are 
located on an upper or outer Surface, making them easily 
accessible after image module assembly. In alternative 
embodiments, however, G2 moves relative to G1. The LGS 
focus method allows the moveable lens group diameter to be 
smaller than the combined lens element diameter under the 
BFL focus method. For example, the diameter of lens group 
G1 of FIG. 3 is significantly smaller than the diameter of 
group G2 (lens L3), but is not so limited. 

0058 FIG. 4 is a cross-sectional view of an imager module 
400, under an embodiment. Imager module 400 implements 
the LGS focus method described above. Imager module 400 
includes a three lens optical configuration similar to optical 
configuration 300, including lens groups G1 and G2. Imaging 
module 400 also includes focus mechanism 401, under an 
embodiment. The imager module 400 includes two groups 
G1 and G2 of lenses but is not limited to these two groups of 
lenses, or to three lenses. The lens groups G1 and G2 of 
imager module 400 can be adjusted by sliding the mechanism 
401 in lens barrel 402. Alternatively, mechanism 401 and lens 
barrel 402 are threaded so that focus is adjusted by rotating 
lens group G1 in lens barrel 402. Alternatively, the lens 
groups G1 and G2 of imager module 400 can each be adjusted 
using a sliding mechanism or threaded mechanism in lens 
barrel 402 that includes or contains group G2. 
0059. During assembly of an imager module, and using 
imager module 400 as an example, the focus process is auto 
mated. In an embodiment, sliding lens group G1 is attached to 
a transparent handle (not shown) that permits both manipu 
lation of G1 with respect to G2 and viewing through the 
transparent handle to determine the quality of focus at differ 
ent G0 locations. The image sensor signal output is monitored 
during assembly as the G1 lens group is inserted, and lens 
group movement is stopped once optimum image quality is 
achieved. As an example, the transparent handle may be fab 
ricated out of Sapphire crystal, glass, or plastic, but embodi 
ments are not so limited. When an optimum focus is achieved, 
the lens group G0 is fixed in place. For example, in an 
embodiment the lens group G1 is fixed to the lens barrel using 
a curable (e.g. UV, thermal, etc.) glue or resin. The imager 
module 400 assembly thus includes the G1 lens group focus 
mechanism (sliding or threaded) inserted into the G2 lens 
group barrel 402 (sliding or threaded). The imager module 
400 of an embodiment also includes an imager integrated 
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circuit (“IC) or imaging die (not shown) that receives the 
light through lens groups G1 and G2 onto an image sensor 
focal plane 404. 
0060 A three-element optical configuration similar to 
those described with reference to FIGS. 3 and 4 was analyzed 
and used to predict MTF focus performance with the LGS 
focus method of an embodiment. In this analysis, the two 
object side (upper or outer) lenses L1 and L2 were moved 
together in the Z-axis relative to the lower lens group (lens L3, 
the closest lens to the imager). FIG. 5 is a diagram that 
illustrates the relative improvement in MTF variation using 
the LGS focus method, under an embodiment. An MTF better 
than 0.4 is achieved for example with the LGS focus method 
with t20 microns Z-axis lens group travel. In addition, a 
smaller variance in MTF over the measured range is observed 
with the LGS method than with the BFL method. 

0061 The LGS focus method of an embodiment can be 
used with a variety of optical configurations. The number of 
lenses in either lens group can be one or more. The lenses can 
be refractive or diffractive. The lens surfaces can be spherical 
or aspherical. The lens material can be plastic, glass and/or 
other optical materials suitable for the intended wavelength 
imaging. As one example, FIG. 6 is a diagram of a three lens 
optical configuration 600 with surface contours configured 
for visible imaging, under an embodiment. The optical con 
figuration 600 includes lenses 602 and 604 in one lens group, 
and lens 606 in another lens group, but is not so limited. The 
surfaces of lenses 602, 604 and 606 in optical configuration 
600 are aspheres, and the lens material is plastic for each lens 
but other surfaces and/or materials can be used. The optical 
configuration 600 can include a wavelength filter (optional) to 
pass a certain wavelength band or to blocka wavelength band 
but is not so limited. The optical configuration 600 can be 
used in an imager module as described herein, such as imager 
module 400 for example. 
0062 Following are descriptions of several embodiments 
of an imager module, optics configurations, methods of opti 
cal focus, methods of component alignment and assembly, 
and methods for forming electrically conductive intercon 
nects to the microelectronic imager. One embodiment is 
directed toward an imager module (configured for use in a 
Solid state camera for example) comprising an image sensor 
with a single imaging area array including multiple photo 
sites, and associated optics. The optics associated with an 
imaging area are also referred to as an optics channel, an 
optical channel, an imaging channel, or a channel. 
0063). Other embodiments described below are directed 
toward an imager module comprising an image sensor with 
multiple imaging area arrays, each of which contains a plu 
rality of photosites, and an associated optics channel. The 
image sensor can alternatively be referred to as a sensor, an 
imager, an imager die, an image capture device, and/or an 
imaging device. Yet another embodiment described below is 
directed towards an imager module that includes both the 
imager circuitry and an image signal processor and camera 
functions. 

0064 FIG. 7 is a cross-sectional view of a single channel 
imager module 700, under an embodiment. Imager module 
700 includes a lens barrel 702. The image module 700 
includes a movable lens group G1 (lenses L1 and L2), and a 
fixed lens group G2 (lens L3). The lens barrel 702 holds lens 
group G2. The lens barrel 702 is fixed to edges of an imager 
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die 704. The lens barrel 702 is attached to the imager die 704 
using techniques known in the art. In operation, the lens group 
G1 is moved relative to the fixed lens group G2 to focus the 
camera. This embodiment results in a relatively small foot 
print of imager module 700. For example, the footprint is not 
much larger than the footprint of the imager die 704. The LGS 
focus mechanism described above, when used in imager 
module 700, provides for a high MTF with a wider range of 
focus adjustment relative to the BFL focus method. 

0065 FIG. 8 is a cross-sectional view of imager module 
700 rotated ninety (90) degrees, under an embodiment. 
Imager bond pads 802 are located at the edges of the imager 
die 704. The lens barrel 702 is coupled or attached to a surface 
of the imager die 704 adjacent to the bond pads 802 to allow 
access to the bond pads 802 for electrical interconnection. 
The electrical interconnection can be accomplished by wire 
bonding or bump bonding as known in the art. External lead 
frames and packaging techniques can also be applied. The 
imager die bond pads 802 can be located such that the regions 
near the edges do not contain bond pads. This allows the lens 
barrel 702 to mechanically register to all four corners on the 
imager die 704. The edges of the lens barrel 702 can be glued 
or bonded to the imager die 704 in an inert ambient or vacuum 
to create a hermetic seal. Attachment of the lens barrel 702 
directly to the imager die 704 provides a relatively small 
imager module footprint (not much larger than the imager die 
704). Alternatively, a substrate can be used where space con 
siderations are not a factor. 

0066 FIG. 9 is a cross-sectional view of a two channel 
imager module 900, under an embodiment. Imager module 
900 includes two lens barrels 902A and 902B located over 
separate imaging regions R1 and R2 of an imager die 904. 
Lens barrel 902A holds one optical channel that includes lens 
group G1A (lenses L1 and L2), and lens group G2A (lens L3). 
Lens barrel 902B holds another optical channel that includes 
lens group G1B (lenses L1 and L2), and lens group G2B (lens 
L3). Each lens barrel 902 attaches or couples to edges of the 
imager die 904. Each of lens groups G1A and G1B is moved 
relative to its respective fixed lens group G2 in order to focus 
the camera. Each optical channel of the imager module 900 is 
focused independently to optimize MTF in each channel. The 
number of channels of the imager module 900 can be 
extended (in both X and y axes) to provide more than two 
optical channels. 

0067. In an embodiment, a lens frame and spacer (not 
shown) extends between each optical channel to eliminate 
optical crosstalk between channels. In an embodiment, the 
electrical connections of the imager module 900 are made as 
described above with reference to FIG.8. As described above, 
a footprint of the multi-channel imager module 900 is small 
relative to conventional imager modules. Use of the LGS 
focus mechanism described above in imager module 900 
provides for high MTF in each channel with a wider range of 
focus adjustment than the BFL focus method. 

0068 FIG. 10 is a cross-sectional view of a single channel 
imager module 1100 coupled to an associated signal proces 
sor 1110, under an embodiment. The signal processor or 
“processor includes analog and/or digital circuitry as appro 
priate to provide Solid-state camera functionality. Imager 
module 1100 includes a single imaging channel, but the pro 
cessor of various alternative embodiments can couple to an 
imager die having multiple imaging channels. Electrical vias 
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1112 are included from the imager 1104 (e.g. imager IC or 
imager die) to the processor 1110. The vias 1112 through the 
imager die 1104 to the processor 1110 can be generated using 
conventional IC process techniques. The Substrates or wafers 
of the imager 1104 and processor 1110 can be bonded 
together and vias produced. Alternatively, an individual 
imager die can be bonded to the processor wafer and vias 
produced. Such three-dimensional integrated circuit process 
ing is commercially available from companies such as Zip 
tronix for example. 
0069. Imager module 1100 includes the frame (not shown) 
attached to the imager die. However, accurate wafer bonding 
allows repeatable placement of the imager onto the processor 
wafer in X, y and Z axes such that a frame can attach directly 
to the processor die if desired. The frame can attach to all four 
edges of the imager die if desired since the Vias eliminate the 
need for wire bonding the imager die. The electrical intercon 
nection to the processor die can be accomplished by conven 
tional wire bonding or bump bonding methods. 
0070 FIG. 11 is an isometric view of a solid state camera 
optics frame 1001 with three channels, under an embodiment. 
The optics frame 1001 is used to construct part of an imager 
module. In such an embodiment, the optics frame 1001 pro 
vides openings for three separate imaging regions as shown. 
An imager module using this three channel optical configu 
ration can be used in a compact Solid state camera, for 
example, but is not so limited. 
0071 FIG. 12 is a cross-sectional view of part of animager 
module 1200, under an embodiment. The imager module 
1200 includes an optics frame 1201. In an embodiment, the 
optics frame 1201 has two parts, a lower part 1201A, which is 
substantially similar to optics frame 1001, and an upper part 
1201B. In other embodiments, the upper and lower parts of 
the optics frame are a single piece 1201. 
0072 The optics frame 1201A is attached to an imager die 
1204 by any of the methods known or previously described 
herein. In an embodiment, the optics frame 1201A includes 
optional filters 1206A and 1206B, but is not so limited. The 
optics frame 1201A also includes one or more reference 
features 1210 for registering the optics frame with a mating 
component. 
0073. The optics frame 1201B, in an embodiment, 
includes a lower lens group G3 that includes a lens L3 as 
previously described. Lens L3 is retained in the optics frame 
1201B with one or more retainers 1208, but embodiments are 
not so limited. The optics frame 1201B further includes a lens 
barrel portion 1203. In an embodiment, a lens group G1 
including a lens L1 and a lens L2 is inserted in the lens barrel 
portion 1203. The lens group G1 includes retainers 1208 for 
retaining the lenses L1 and L2 in a fixed position with respect 
to each other, while allowing movement of the entire lens 
group G1 with respect to the lens group G2. In various 
embodiments, the lens group G2 is slidable in the lens barrel 
1203. Alternatively, the lens group G1 and the lens barrel 
portion 1203 are each threaded to allow movement of lens 
group G1 toward or away from lens group G2 by rotation 
about the central axis of the lens barrel portion 1203. In yet 
other embodiments, lens group and/or lens group G2 include 
more than two lenses or less than two lenses. In other embodi 
ments, lens group G2 is moveable and lens group G1 is not 
moveable, or both of lens groups G1 and G2 are moveable. 
0074 FIG. 13A is an isometric view of an imaging module 
1300 including an optics frame 1200 assembled with three 
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lens group assemblies, under an embodiment. The view of 
FIG. 13 is toward the bottom of the optics frame 1201A 
looking through lenses of the three assembled optics channels 
shown. Part of the optics frame 1201B is visible at the top of 
the module 1300. In an embodiment, the imaging module 
1300 includes an imager die (not shown) coupled to the optics 
frame 1200. 

0075. In one embodiment, the imaging module 1300 
includes a multi-part optics lens frame that holds the lens 
barrels holding the lens groups at a specified distance relative 
to the imager die. FIG. 13B is a top view of an upper portion 
of a multi-part lens frame, under an embodiment. Lens frame 
1302 comprises an upper part of a lens frame assembly, and 
includes an outer perimeter structure 1304 that extends down 
ward to contact a lower portion of the frame assembly. The 
upper part 1302 includes a lens barrel support surface 1306, 
which includes a number of holes or cavities 1308 to accom 
modate the insertion or mounting of individual lens barrels. In 
one embodiment, the lens barrel holes 1308 are threaded to 
provide rotatable coupling to a threaded sleeve of a corre 
sponding lens barrel. Any number of lens barrel holes 1308 
may be provided depending upon the number of lenses or lens 
groups that are mounted within the lens assembly. FIG. 13C 
is a side view of the first portion of the multi-part lens frame 
of FIG. 13A. FIG. 13C illustrates a cross section of the lens 
holes 1308 through the lens barrel support surface 1306, and 
the extension of the perimeter structure 1304 downward from 
Surface 1306. 

0.076 FIG.13D is a side view of a circular lens barrel used 
in conjunction with the upper portion of the lens frame 1301. 
In one embodiment, the lens barrel 1310 comprises a threaded 
shaft portion 1312 coupled to a body portion 1314. One or 
more lenses, such as lenses L1, L2, and L3 shown in FIG. 4 
can be fixed within either or both of the shaft 1312 or body 
portion 1314 of lens barrel 1310. The threaded section 1312 is 
rotatably inserted into the frame to allow some degree of 
vertical adjustment within the upper portion 1302 of the 
frame assembly. This allows adjustment of the lens or lenses 
within the barrel 1310 relative to the focal plane defined by 
the imager die. Thus, each lens is held in a respective lens 
barrel that is screwed into the frame assembly that holds the 
lens at a prescribed distance above the major surface of the 
imager die. For the embodiment shown in FIG.13D, the body 
portion 1314 of the lens barrel 1310 features an annular 
bottom surface that is chamfered or beveled. In an alternative 
embodiment, the shaft portion of lens barrel 1310 can be 
smooth instead of threaded. For this embodiment, the lens 
barrel is friction fit within a corresponding lens barrel hole in 
the frame. The lens barrel can be permanently fixed within the 
lens barrelhole at a specified position by adhesive, a mechani 
cal stop mechanism, or friction. In the case of a smooth shaft 
lens barrel, a slot/tab or similar key structure can be provided 
between the mating surfaces of the lens barrel shaft and lens 
barrel hole to fix the lens barrel to prevent twisting of the lens 
barrel during height adjustment within the frame. 
0077. In one embodiment, the multi-part lens frame 
assembly includes a subframe assembly or lower frame por 
tion that is disposed between the upper frame portion and the 
sensor die and that Supports the upper frame portion along its 
perimeter. The subframe separates the bottom portion of each 
lens barrel from the imager die at a fixed distance defined, in 
part, by the thickness of the subframe. FIG. 13E is a side 
illustration of a lower frame portion, or frame subassembly, 
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that is used in conjunction with the upper frame portion 1302, 
under an embodiment. The lower portion 1318 includes a 
solid structure 1320 that supports the upper portion 1302. The 
Support structure has individual circular cutouts or Void areas 
1322 corresponding to each lens barrel to allow transmission 
oflight from the lens barrels onto respective imaging areas on 
the imager die. The Support structure Surrounding the cutouts 
for each lens barrel feature annular chamfered surfaces 1317 
that match the chamfer 1316 at the bottom of each lens barrel. 

0078 FIG. 13F is a side-view illustrating an optical frame 
assembly comprising upper and lower frame portions, under 
an embodiment. Frame assembly 1324 shows a frame assem 
bly in which one or more lens barrels 1310 are fixed in the 
upper portion 1302, and the upper portion is placed onto the 
lower portion 1318. The lower portion 1318 holds an imager 
die 1326 that is imaged by the lenses in lens barrels 1310. The 
distance of the bottom surface of the lens barrels 1310 from 
the imager die 1326 is adjustable by screwing the lens barrel 
into the frame for a specified number of turns. Depending 
upon use and production constraints, the lens barrels can be 
set to the optimum height relative to the sensor die during 
production of the optics assembly, and once adjusted, are 
glued or otherwise permanently fixed into place. In the event 
that a lens barrel is deployed below the plane defined by the 
bottom of the frame, the chamfered surface 1316 of the bot 
tom of the lens barrel is stopped by the chamfered surface 
1317 of the subframe cutouts to prevent the lens barrel from 
coming into contact with the imager die. 

0079. In normal production configurations, the lens bar 
rels are positioned above the subframe by a defined gap (e.g., 
on the order of 0.35 mm) relative to a lens barrel height of 
(e.g., 1.4 mm) for a total frame to Subframe distance of 
around, for example 1.75 mm. In one embodiment, the lower 
portion 1318 of the frame assembly is open with respect to the 
areas between the lens barrels and has no full-height parti 
tions or structures between the lens barrels. The frame is 
seated on top of a subframe that separates the sensor die from 
the bottom surface of each lens barrel. The gap created 
between the respective chamfered surfaces 1316 and 1317 
can allow a certain amount of light to migrate between the 
imaging regions defined by the separate lenses and the Sub 
frame structure, depending upon specific applications and 
configurations. If necessary, this gap can be minimized by 
extending the solid structure 1317 of the lower portion 1318 
upward relative to the lens barrels, or by introducing parti 
tions that partially or wholly block light between the imaging 
areas for each lens barrel and prevent optical cross-talk 
between the imaging areas. 

0080. Although the embodiment of FIG. 13F illustrates 
lens barrels 1310 that have threaded shafts, as mentioned 
above, these shaft portions can be smooth and friction fit 
within the lens barrel holes of upper frame portion 1302. 
During production, the lens barrels can be slid to a desired 
position relative to the imager die and fixed in place with an 
adhesive or mechanical stop. 
0081 For frame assemblies that comprise an upper and 
lower frame portion, different variations of the lower frame 
that provides a mounting Surface for the upper portion and 
holds the Substrate a fixed distance from the imaging lenses, 
and that provide a relatively open area between the substrate 
and the frame surface are possible. FIG. 13K is an isometric 
view of a subframe assembly having a central Support struc 
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ture, under an alternative embodiment. As shown in FIG. 
13K, a central Support structure 1344 comprises a rectangular 
structure that is connected to the perimeter structure 1342. 
This configuration provides at least three open areas for pas 
sage of light from the lenses held by the upper frame portion 
and the substrate. For embodiments in which full shielding of 
light between the imaging areas is desired, the rectangular 
structure 1344 can be extended so that it contacts the opposite 
sides of the perimeter structure 1342 to provide a full partition 
between each neighboring imaging area. 

0082 In an alternative embodiment, the frame assembly 
that holds the imaging lenses comprises a single structural 
portion that holds both the lens barrels and the imager die. The 
frame assembly includes a perimeter structure as well as a 
central Support structure to maintain an accurate gap between 
the lenses and the top surface of the imager die, and provide 
adequate support for the lens barrels. FIG. 13G is a top view 
illustration of a unitary frame assembly having a central Sup 
port structure, under a first embodiment. Frame assembly 
1330 comprises an upper support surface 1332 with cutouts 
1331 for holding a plurality of lens barrels. A support struc 
ture 1334 protrudes from the bottom side of the upper support 
Surface to provide a central loadbearing Support for the frame 
assembly 1330, and extends downward so that it rests on the 
upper Surface of the imager die. 

0.083 FIG. 13H is a side view of the unitary frame assem 
bly of FIG. 13G. As shown in FIG. 13H, frame assembly 1330 
holds the one or more lens barrels in holes 1331 through the 
upper surface 1334, as well as the substrate 1336. The area 
under the upper surface 1334 is essentially empty except for 
the central portion between the lens openings 1331, which is 
occupied by the central support structure 1334. The central 
support structure 1334 as well as the perimeter portion 1338 
of the frame assembly provide the spacing between the imag 
ing lenses and the imager die 1336. The cross-sectional shape 
and size of the central support structure 1334 can be config 
ured in accordance with the constraints and requirements of 
the frame assembly and imaging system. For the example 
embodiment illustrated in FIGS. 13G and 13H, structure 
1334 is shown as a post with a cross-sectional area. As can be 
appreciated by those of ordinary skill in the art, many other 
types of cross-sectional shapes can be used. Such as circular, 
rectangular, Square, cross-shaped, or other polygonal shapes. 
In addition, webbing or other extensions can be added to the 
structure to increase Support strength and/or light blockage 
between the imaging areas defined by the lens barrels. 

0084. In certain circumstances, the distance between the 
imaging areas may be sufficiently great so that light leakage 
among the imaging areas is not significant enough to cause 
image degradation. In this case, the Support structure can be 
only enough to provide Support for the central portion of the 
upper surface. FIG. 13I is a top view illustration of a unitary 
frame assembly having a central Support structure, under a 
second embodiment. The frame assembly 1340 of FIG. 13I 
has a central Support structure 1342 that is a small-diameter 
cylindrical post. FIG. 13J is a side view of the unitary frame 
assembly of FIG. 13I. The diameter of the post 1342 can vary 
depending upon the structural requirements of the frame 
assembly, as well as other factors, such as manufacturing 
constraints. 

0085 Although embodiments illustrated in FIGS. 13B 
13Hare illustrated with respect to a frame assembly that holds 
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three lens barrels, it should be noted that such lens assemblies 
can be configured to hold any number of lens barrels (e.g., 
four or more) depending upon the constraints and require 
ments of the imaging system. 
0.086 FIG. 14 is a top view of a three channel imager 
module 1400, under an embodiment. The lens frame of 
imager module 1400 includes an optical frame 1401 with 
three lens barrels 1402R, 1402G, and 1402B that provide 
three independent optical channels. The optical frame can be 
configured as shown in any of the embodiments illustrated in 
FIGS. 13 A-13K, or it could be any frame that is suitably 
configured to provide a Support structure for the opticallenses 
relative to the imager die. As shown in FIG. 14, the three lens 
barrels 1402R, 1402G, and 1402B are positioned over sepa 
rate imaging regions R1, R2, and R3 on an imager die. Each 
optical channel includes, for example, lenses L1, L2, and L3 
configured in groups G1 and G2 as described above, but is not 
so limited. For each optical channel, a lens L3 (fixed lens 
group G2) as described above attaches or couples to the 
imager die edges. For each optical channel, a lens group G1 is 
moved relative to the fixed lens group G2 to focus the camera, 
but is not so limited. Each optical channel of imager module 
1400 can be focused independently to optimize MTF in each 
imaging channel but is not so limited. Imager module 1400 is 
a three color RGB camera but is not limited to a RGB camera. 
Each of the three channels of imager module 1400 can be 
configured to image different colors, for example other color 
bands, or the same colors. For example, the three channels can 
each provide RGB imaging capability with a Bayer color 
filter located on the imager die. A color filter is not shown in 
the optical path, however an infrared blocking filter can be 
inserted into the optical path if desired or to provide imaging 
capability in a specific color band (such as R, G or B). The 
lens frame 1401 in an embodiment extends between each 
optical channel. The electrical connections of imager module 
1400 are as described above with reference to other embodi 
ments. The optical frame 1401 attaching to the imager die can 
be modified in various embodiments to register on all four 
sides on the imager die to provide precise alignment of the 
optics to the imaging regions in both X and y axes. Imaging 
module 1400 provides a relatively small imager module foot 
print. The LGS focus mechanism as described above provides 
high MTF in each channel with a wider range of focus adjust 
ment than the previous BFL focus method. 
0087 FIGS. 15-27 illustrate furtherexamples of apparatus 
and systems in which the imaging module and focusing 
method embodiments disclosed above can be implemented. 
FIG. 15 is a block diagram of a digital camera 1500, under an 
embodiment. The digital camera includes a digital camera 
subsystem 1502, a circuit board 1512, a peripheral user inter 
face electronics 1510 (here represented as a shutter button, 
but could also include display and/or one or more other output 
devices, setting controls and/or one or more additional input 
devices etc), a power Supply 1506, and electronic image Stor 
age media 1504. The digital camera 1500 may further include 
a housing and a shutter assembly (not shown), which controls 
an aperture 1514 and passage of light into the digital camera 
1SOO. 

0088 FIG. 16 is an exploded view of the digital camera 
subsystem 1502, under an embodiment. In this embodiment, 
the digital camera Subsystem includes an image sensor 1604, 
an optics frame (also referred to as a frame) 1602, and lenses 
1612A-1612D. The frame 1602 is used to mount the lenses 
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612A-1612D to the image sensor 1604. The image sensor, or 
imager die 1604 generally includes a semiconductor inte 
grated circuit or “chip” having several higher order features 
including multiple arrays 1604A-1604D and signal process 
ing circuits 1608 and 1610. Each of the arrays 1604A-1604D 
captures photons and outputs electronic signals. The signal 
processing circuit 1608, in certain embodiments, processes 
signals for each of the individual arrays 1604. The signal 
processing circuit 1610 may combine the output from signal 
processing 1608 into output data (usually in the form of a 
recombined full color image). Each array and the related 
signal processing circuitry may be tailored to address a spe 
cific band of visible spectrum. 
0089. Each of lenses 1612A-1612D may be tailored for 
the respective wavelength of the respective array. Lenses are 
approximately the same size as the underlying array 1604, 
and will differ from one another in size and shape depending 
upon the dimensions of the underlying array. In alternative 
embodiments a lens could cover only a portion of an array, 
and could extend beyond the array. Lenses can comprise any 
Suitable material or materials, including for example, glass 
and plastic. Lenses can be doped in any Suitable manner, Such 
as to impart a color filtering, polarization, or other property. 
Lenses can be rigid or flexible. 
0090. In the example of FIG. 16, each lens, array, and 
signal processing circuit constitutes an image generating Sub 
system for a band of visible spectrum (e.g., red, blue, green, 
etc). These individual images are then combined with addi 
tional signal processing circuitry within the semiconductor 
chip to form a full image for output. 
0091 Although the digital camera subsystem 1604 is 
depicted in a four array/lens configuration, the digital camera 
Subsystem can be employed in a configuration having any 
number of arrayS/lenses and any combination of shapes of 
arrayS/lenses. FIG. 17 is a block diagram of a digital camera 
1700 having a three array/lens configuration, under an 
embodiment. The digital camera 1700 includes a digital cam 
era subsystem 1702 that includes three lenses. The digital 
camera 1700 further includes a circuit board 1712, a periph 
eral user interface electronics 1710 (here represented as a 
shutter button, but could also include display and/or one or 
more other output devices, setting controls and/or one or 
more additional input devices etc), a power supply 1706, and 
electronic image storage media 1704. The digital camera 
1700 may further include a housing and a shutter assembly 
(not shown), which controls an aperture 1714 and passage of 
light into the digital camera 1700. 
0092 FIG. 18 is a block diagram of a digital camera sub 
system that employs separate arrays, e.g., arrays 1804A 
1804D, on one image sensor, in contrast to the prior art. For 
example, typical prior art approaches employ a Bayer pattern 
(or variations thereof), perform operations across the array (a 
pixel at a time), and integrate each set of four pixels (for 
example, red/green/blue/green or variation thereof) from the 
array into a single full color pixel. 
0093. Each of the arrays 1804 focuses on a specific band of 
visible spectrum. Each lens only needs to pass a respective 
color (1806A-1806.D) on to the image sensor. The traditional 
color filter sheet is eliminated. Each array 1804 outputs sig 
nals to signal processing circuitry. Signal processing circuitry 
for each of these arrays is also tailored for each of the bands 
of visible spectrum. In effect, individual images are created 
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for each of these arrays. Following this process, the individual 
images are combined or to form one full color or black/white 
image. By tailoring each array and the associated signal pro 
cessing circuitry, a higher quality image can be generated 
than the image resulting from traditional image sensors of like 
pixel count. 

0094. As such, each array may be tuned to be more effi 
cient in capturing and processing the image in that particular 
color. Individual lenses (1812A-D) can be tailored for the 
array's band of spectrum. 

0.095 FIG. 19 is a block diagram of arrays 1904A-1904D. 
Each array 1904 receives a respective color as passed by a 
respective lens. The traditional color filter sheet is eliminated. 
Each array 1904 outputs signals to signal processing circuitry. 
Signal processing circuitry for each of these arrays is also 
tailored for each of the bands of visible spectrum. In effect, 
individual images are created for each of these arrays. Fol 
lowing this process, the individual images are combined or to 
form one full color or black/white image. By tailoring each 
array and the associated signal processing circuitry, a higher 
quality image can be generated than the image resulting from 
traditional image sensors of like pixel count. 

0.096 FIG.20 is a block diagram of processing circuitry of 
a digital camera subsystem, under an embodiment. FIG. 20 
includes an array 2004, including arrays 2004A-2004D, and 
signal processing blocks 2014 and 2016. Each array outputs 
signals to signal image block 2014. Each signal processing 
block 2014 and 2016 represents a circuit or group of circuits, 
and may also be referred to as signal processing circuitry or 
image processing circuitry. 

0097 FIG. 21 is a block diagram of image processing 
circuitry 2014 and 2016. Within the image processing cir 
cuitry 2014, each array can be processed separately to tailor 
the processing to the respective bands of spectrum. 

0098 Column logic 2114.1A-2114.1D is the portion of 
the signal processing circuitry that reads the signals from the 
pixels. For example, the column logic 2114.1A reads signals 
from the pixels in array 2104A. Column logic 2114.1B reads 
signals from the pixels in array 2104B. Column logic 
2114.1C reads signals from the pixels in array 2104C. Col 
umn logic 2114.1D reads signals from the pixels in array 
2104D. 

0099 Since an array is targeting a specific wavelength, 
wavelengths, band of wavelength, or band of wavelengths, 
the column logic may have different integration times for 
each array enhancing dynamic range and/or color specificity. 
Signal processing circuitry complexity for each array can be 
Substantially reduced since logic may not have to Switch 
between extreme color shifts. 

0100 Analog Signal Logic (ASL) 2114.2A-2114.2D for 
each array may be color specific. As such, the ASL processes 
a single color and therefore can be optimized for gain, noise, 
dynamic range, linearity, etc. Due to color signal separation, 
dramatic shifts in the logic and settling time are not required 
as the amplifiers and logic do not change on a pixel by pixel 
(color to color) basis as intraditional Bayer patterned designs. 

0101 Black level control 2114.3A-2114.3D assesses the 
level of noise within the signal, and filters it out. With each 
array focused upon a narrower band of visible spectrum than 
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traditional image sensors, the black level control can be more 
finely tuned to eliminate noise. 
0102 Exposure control 2114.4A-2114.4D measures the 
overall volume of light being captured by the array and 
adjusts the capture time for image quality. Traditional cam 
eras must make this determination on a global basis (for all 
colors). The embodiments describe herein allow for exposure 
control to occur differently for each array and targeted band 
of wavelengths. 
0103) These processed images are then passed to a second 
group of signal processing circuitry 2116. First, image pro 
cessing logic 2116.1 integrates the multiple color planes into 
a single color image. The image is adjusted for saturation, 
sharpness, intensity, hue, artifact removal, and defective pixel 
correction. 

0104. In an embodiment, the final two operations include 
encoding the signal into standard protocols such as MPEG, 
JPEG, etc. in an encoder 2116.2 before passing the result to a 
standard output interface 2116.3, such as USB. 
0105. Although the signal processing circuitries 2114 and 
2116 are shown at specific areas of the image sensor, the 
signal processing circuitries 2114 and 2116 can be placed 
anywhere on the chip and subdivided in any fashion. The 
signal processing circuitries are often placed in multiple loca 
tions. 

0106. As previously stated, the image sensor 2104 gener 
ally includes a semiconductor chip having several higher 
order features including multiple arrays (2104A-2104D), and 
signal processing circuitry 2114, in which each array and the 
related signal processing circuitry is preferably tailored to 
address a specific band of visible spectrum. As noted above, 
the image sensor array can be configured using any multiple 
numbers and shapes of arrays. 
0.107 The image sensor 2104 can be constructed using any 
Suitable technology, including silicon and germanium tech 
nologies. The pixels can be formed in any suitable manner, 
can be sized and dimensioned as desired, and can be distrib 
uted in any desired pattern. Pixels that are distributed without 
any regular pattern may also be used. 
0108) Any range of visible spectrum can be applied to each 
array depending on the specific interest of the customer. Fur 
ther, an infrared array could also be employed as one of the 
array/lens combinations giving low light capabilities to the 
SSO. 

0.109 As previously described, arrays 2104A-2104D may 
be of any size or shape. While some figures referenced herein 
show the arrays as individual, discrete sections of the image 
sensor, these arrays may also be touching. There may also be 
one large array configured such that the array is Subdivided 
into sections, and each section is focused upon one band of 
spectrum, creating the same effect as separate arrays on the 
same chip. 
0110. Although the well depth of the photo detectors 
across each individual array 2104 may be the same, the well 
depth of any given array may be different from that of other 
arrays of the sensor Subsystem. A photo detector includes an 
area or portion of the photo detector that captures, collects, is 
responsive to, detects and/or senses the intensity illumination 
of incident light. In some embodiments, the well depth is the 
distance from the surface of the photo detector to a doped 
region. 
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0111 Selection of an appropriate well depth depends on 
many factors, including the targeted band of visible spectrum. 
Since each entire array is likely to be targeted at one band of 
visible spectrum (e.g., red) the well depth can be configured 
to capture that wavelength and ignore others (e.g., blue, 
green). Doping of the semiconductor material in the color 
specific arrays can further be used to enhance the selectivity 
of the photon absorption for color-specific wavelengths. 

0112 In various embodiments, a digital camera sub 
system can have multiple separate arrays on a single image 
sensor, each with its own lens. The simple geometry of 
Smaller, multiple arrays allows for a smaller lenses (e.g., 
Smaller diameter, thickness and focal length), which allows 
for reduced Stack height in the digital camera. 

0113. The lens and frame concept is applicable to tradi 
tional image sensors (without the traditional color filter sheet) 
to gain physical size, cost and performance advantages. 

0114. Each array can advantageously be focused on one 
band of visible and/or detectable spectrum. Among other 
things, each lens may be tuned for passage of one specific 
band of wavelength. Since each lens would therefore not need 
to pass the entire light spectrum, the number of elements may 
be reduced, for example, to one or two. 

0115 Further, due to the focused bandwidth for each lens, 
each of the lenses may be dyed during the manufacturing 
process for its respective bandwidth (e.g., red for the array 
targeting the red band of visible spectrum). Alternatively, a 
single color filter may be applied across each lens. This pro 
cess eliminates the traditional color filters (such as the sheet 
of individual pixel filters) thereby reducing cost, improving 
signal strength and eliminating the pixel reduction barrier. 

0116. The above-described devices can include any suit 
able number of combinations, including as few as two arrayS/ 
lenses, and many more than two arrayS/lenses. Examples 
include: two arrayS/lenses configured as red/green and blue; 
two arrayS/lenses configured as red and blue/green; two 
arrayS/lenses configured as red, green, blue; four arrayS/ 
lenses configured as red, blue, green, emerald (for color 
enhancement); four arrayS/lenses configured as red, blue, 
green, infrared (for low light conditions); and eight arrayS/ 
lenses configured as double the above configurations for addi 
tional pixel count and image quality. 

0117 The cameras or camera subsystems described herein 
are intended to be emblematic of a generic appliance contain 
ing the digital camera Subsystem. Thus, the description herein 
should be interpreted as being emblematic of still and video 
cameras, cell phones, other personal communications 
devices, Surveillance equipment, automotive applications, 
computers, manufacturing and inspection devices, toys, plus 
a wide range of other and continuously expanding applica 
tions. Of course these alternative interpretations may or may 
not include the specific components as depicted herein. For 
example, the circuit board may not be unique to the camera 
function but rather the digital camera Subsystem may be an 
add-on to an existing circuit board. Such as in a cell phone. 

0118. Any or all of the methods and/or apparatus disclosed 
herein may be employed in any type of apparatus or process 
including, but not limited to still and video cameras, cell 
phones, other personal communications devices, Surveillance 
equipment, automotive applications, computers, manufactur 
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ing and inspection devices, toys, plus a wide range of other 
and continuously expanding applications. 
0119) Although each array and the related signal process 
ing circuitry is can be tailored to address a specific band of 
visible spectrum, and each lens may be tuned for passage of 
that one specific band of wavelength, there is no requirement 
that each Such array and the related signal processing cir 
cuitry be tailored to address a specific band of the visible 
spectrum. Noris there any requirement that each lens be tuned 
for passage of a specific band of wavelength or that each of the 
arrays be located on the same semiconductor device. Indeed, 
the embodiments described and illustrated herein, including 
the specific components thereof, need not employ wave 
length-specific features. For example, the arrays and/or signal 
processing circuitry need not be tailored to address a specific 
wavelength or band of wavelengths. 
0120 FIG. 22 is an exploded perspective view of a digital 
camera 2200, under an embodiment. The digital camera 
apparatus 2200 includes one or more sensor arrays, e.g., four 
sensor arrays 2204A-2204D, and one or more optics portions, 
e.g., four optics portions 2212A-2212D. Each of the optics 
portions 2204A-2204D may include a lens, and may be asso 
ciated with a respective one of the sensor arrays sensor arrays 
2204A-2204D. In some embodiments a support 2202, for 
example aframe, is provided to support the one or more optics 
portions 2212A-2212D, at least in part. Each sensor array and 
the respective optics portion may define an optical channel. 
For example, an optical channel 2206A may be defined by the 
optics portion 2212A and the sensor array 2204A. An optical 
channel 2206B may be defined by the optics portion 2112B 
and the sensor array 2204B. An optical channel 2206C may 
be defined by optics portion 2212C and the sensor array 
2204C. An optical channel 2206D may be defined by optics 
portion 2212D and a sensor array 2204D. The optics portions 
of the one or more optical channels are also collectively 
referred to as an optics Subsystem. 
0121 The sensor arrays of the one or more optical chan 
nels are collectively referred as a sensor subsystem. The two 
or more sensor arrays may be integrated in or disposed on a 
common Substrate, referred to as an image device, on separate 
Substrates, or any combination thereof. For example, where 
the system includes three or more sensor arrays, two or more 
sensor arrays may be integrated in a first Substrate, and one or 
more other sensor arrays may be integrated in or disposed on 
a second Substrate. 

0122) In that regard, the one or more sensor arrays 2204A 
2204D, may or may not be disposed on a common Substrate. 
For example, in Some embodiments two or more of the sensor 
arrays are disposed on a common Substrate. In some embodi 
ments, however, one or more of the sensor arrays is not 
disposed on the same Substrate as one or more of the other 
sensor arrays. The one or more optical channels may or may 
not be identical to one another. 

0123. In some embodiments, one of the optical channels 
2206 detects red light, one of the optical channels 2206 
detects green light, and one of the optical channels 2206 
detects blue light. In some of such embodiments, one of the 
optical channels 2206 detects infrared light, cyan light, or 
emerald light. In some other embodiments, one of the optical 
channels 2206 detects cyan light, one of the optical channels 
2206 detects yellow light, one of the optical channels 2206 
detects magenta light and one of the optical channels 2206 
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detects clear light (black and white). Any other wavelength or 
band of wavelengths (whether visible or invisible) combina 
tions can also be used. 

0.124. A processor 2214 is coupled to the one or more 
sensor arrays 2204A-2204D, via one or more communication 
links, e.g., communication links 2208A-2208D, respectively. 
A communication link may be any kind of communication 
link including but not limited to, for example, wired (e.g., 
conductors, fiber optic cables) or wireless (e.g., acoustic 
links, electromagnetic links or any combination thereof 
including but not limited to microwave links, satellite links, 
infrared links), and combinations thereof, each of which may 
be public or private, dedicated and/or shared (e.g., a network). 
A communication link may include for example circuit 
Switching or packet Switching or combinations thereof. Other 
examples of communication links include dedicated point-to 
point systems, wired networks, and cellular telephone sys 
tems. A communication link may employ any protocol or 
combination of protocols including but not limited to the 
Internet Protocol. 

0125 The communication link may transmit any type of 
information. The information may have any form, including, 
for example, but not limited to, analog and/or digital) e.g., a 
sequence of binary values, or a bit string). The information 
may or may not be divided into blocks. If divided into blocks, 
the amount of information in a block may be predetermined or 
determined dynamically, and/or may be fixed (e.g., uniform) 
or variable. 

0126. As will be further described hereinafter, the proces 
Sor may include one or more channel processors, each of 
which is coupled to a respective one (or more) of the optical 
channels and generates an image based at least in part on the 
signal(s) received from the respective optical channel, 
although this is not required. In some embodiments, one or 
more of the channel processors is tailored to its respective 
optical channel, for example, as described herein. For 
example, where one of the optical channels is dedicated to a 
specific wavelength or color (or band of wavelengths or col 
ors), the respective channel processor may be adapted or 
tailored to such wavelength or color (or band of wavelengths 
or colors). Further, the gain, noise reduction, dynamic range, 
linearity and/or any other characteristic of the processor, or 
combinations of Such characteristics, may be adapted to 
improve and/or optimize the processor to Such wavelength or 
color (or band of wavelengths or colors). Tailoring the chan 
nel processing to the respective optical channel may facilitate 
generating an image of a quality that is higher than the quality 
of images resulting from traditional image sensors of like 
pixel count. In addition, providing each optical channel with 
a dedicated channel processor may help to reduce or simplify 
the amount of logic in the channel processors as the channel 
processor may not need to accommodate extreme shifts in 
color or wavelength, e.g., from a color (or band of colors) or 
wavelength (or band of wavelengths) at one extreme to a color 
(or band of colors) or wavelength (or band of wavelengths) at 
another extreme. 

0127. In operation, an optics portion of a optical channel 
receives light from within a field of view and transmits one or 
more portions of such light, e.g., in the form of an image at an 
image plane. The sensor array receives one or more portions 
of the light transmitted by the optics portion and provides one 
or more output signals indicative thereof. The one or more 
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output signals from the sensor array are Supplied to the pro 
cessor. In some embodiments, the processor generates one or 
more output signals based, at least in part, on the one or more 
signals from the sensor array. In some other embodiments, the 
processor may generate a combined image based, at least in 
part, on the images from two or more of such optical channels. 
0128. Although the processor 2214 is shown separate 
from the one or more sensor arrays 2204A-2204D, the pro 
cessor 2214, or portions thereof, may have any configuration 
and may be disposed in one or more locations. For example, 
certain operations of the processor may be distributed to or 
performed by circuitry that is integrated in or disposed on the 
same Substrate or Substrates as one or more of the one or more 
of the sensor arrays and certain operations of the processor are 
distributed to or performed by circuitry that is integrated in or 
disposed on one or more substrates that are different from 
(whether such one or more different substrates are physically 
located within the camera or not) the substrates the one or 
more of the sensor arrays are integrated in or disposed on. 
0129. The digital camera apparatus 2200 may or may not 
include a shutter, a flash and/or a frame to hold the compo 
nents together. 
0130 FIGS. 23A-23D are schematic exploded represen 
tations of one embodiment of an optics portion, Such as optic 
portion 2212A, under an embodiment. In FIG.23A, the optics 
portion 2212A includes one or more lenses, e.g., a complex 
aspherical lens module 2380, one or more color coatings, e.g., 
a color coating 2382, one or more masks, e.g., an auto focus 
mask 2384, and one or more IR coatings, e.g., an IR coating 
2386. 

0131 Lenses can comprise any suitable material or mate 
rials, including for example, glass and plastic. Lenses can be 
doped in any suitable manner, such as to impart a color 
filtering, polarization, or other property. Lenses can be rigid 
or flexible. In this regard, some embodiments employ a lens 
(or lenses) having a dye coating, a dye diffused in an optical 
medium (e.g., a lens or lenses), a Substantially uniform color 
filter and/or any other filtering technique through which light 
passes to the underlying array. 

0.132. The color coating 2382 helps the optics portion filter 
(or Substantially attenuate) one or more wavelengths or bands 
of wavelengths. The auto focus mask 2384 may define one or 
more interference patterns that help the digital camera appa 
ratus perform one or more auto focus functions. The IR coat 
ing 2386 helps the optics portion 2212A filter a wavelength or 
band of wavelength in the IR portion of the spectrum. 
0.133 The one or more color coatings, e.g., color coating 
2382, one or more masks, e.g., mask 2384, and one or more IR 
coatings, e.g., IR coating 2386 may have any size, shape 
and/or configuration. 

0.134. In some embodiments, as shown in FIG. 23B, one or 
more of the one or more color coatings, e.g., the color coating 
2382, are disposed at the top of the optics portion. Some 
embodiments of the optics portion (and/or components 
thereof) may or may not include the one or more color coat 
ings, one or more masks and one or more IR coatings and may 
or may not include features in addition thereto or in place 
thereof. 

0.135) In some embodiments, as shown in FIG. 23C, one or 
more of the one or more color coatings, e.g., the color coating 
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2382, are replaced by one or more filters 2388 disposed in the 
optics portion, e.g., disposed below the lens. In other embodi 
ments, as shown in FIG. 23D, one or more of the color 
coatings are replaced by one or more dyes diffused in the lens. 
0.136 The one or more optics portions, e.g., optics por 
tions 2212A-2212D of FIG. 22, may or may not be identical 
to one another. In some embodiments, for example, the optics 
portions are identical to one another. In some other embodi 
ments, one or more of the optics portions are different, in one 
or more respects, from one or more of the other optics por 
tions. For example, in Some embodiments, one or more of the 
characteristics (for example, but not limited to, its type of 
element(s), size, response, and/or performance) of one or 
more of the optics portions is tailored to the respective sensor 
array and/or to help achieve a desired result. For example, if 
a particular optical channel is dedicated to a particular color 
(or band of colors) or wavelength (or band of wavelengths) 
then the optics portion for that optical channel may be adapted 
to transmit only that particular color (or band of colors) or 
wavelength (or band of wavelengths) to the sensor array of the 
particular optical channel and/or to filter out one or more 
other colors or wavelengths. In some of Such embodiments, 
the design of an optical portion is optimized for the respective 
wavelength or bands of wavelengths to which the respective 
optical channel is dedicated. It should be understood, how 
ever, that any other configurations may also be employed. 
Each of the one or more optics portions may have any con 
figuration. 

0137 In some embodiments, each of the optics portions, 
e.g., optics portions 2212A-2212D of FIG. 22, comprises a 
single lens element or a stack of lens elements (or lenslets), 
although, as stated above. For example, in some embodi 
ments, a single lens element, multiple lens elements and/or 
compound lenses, with or without one or more filters, prisms 
and/or masks are employed. 
0138 An optical portion can also contain other optical 
features that are desired for digital camera functionality and/ 
or performance. For example, these features can include elec 
tronically tunable filters, polarizers, wavefront coding, spatial 
filters (masks), and other features not yetanticipated. Some of 
the features (in addition to the lenses) are electrically oper 
ated (such as a tunable filter), or are mechanically movable 
with MEMs mechanisms. 

0.139. In some embodiments, one or more photochromic 
(or photochromatic) materials are employed in one or more of 
the optical portions. The one or more materials may be incor 
porated into an optical lens element or as another feature in 
the optical path, for example, above one or more of the sensor 
arrays. In some embodiments, photochromatic materials may 
be incorporated into a cover glass at the camera entrance 
(common aperture) to all optics (common to all optical chan 
nels), or put into the lenses of one or more optical channels, or 
into one or more of the other optical features included into the 
optical path of an optics portion over any sensor array. 

0140 FIGS. 24A-24C are schematic representations of 
one embodiment of a sensor array 2404. The sensor array is 
similar to one of the sensor arrays 2204A-2204D of FIG. 22. 
foe example. As shown in FIG. 24A, the sensor array 2404 is 
coupled to circuits 2470, 2472, and 2474. The sensor array 
sensor array 2404 captures light and converts it into one or 
more signals, such as electrical signals, which are Supplied to 
one or more of the circuits 2470, 2472, and 2474. The sensor 
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array 2404 includes a plurality of sensor elements such as for 
example, a plurality of identical photo detectors (sometimes 
referred to as “picture elements' or “pixels'), e.g., pixels 
24801-2480, The photo detectors 24801-2480, are 
arranged in an array, for example a matrix-type array. The 
number of pixels in the array may be, for example, in a range 
from hundreds of thousands to millions. The pixels may be 
arranged for example, in a two-dimensional array configura 
tion, for example, having a plurality of rows and a plurality of 
columns, e.g., 640x480, 1280x1024, etc. However, the pixels 
can be sized and dimensioned as desired, and can be distrib 
uted in any desired pattern. Pixels that are distributed without 
any regular pattern can also used. Referring to FIG. 24B, a 
pixel, for example pixel 2480, may be viewed as having X 
andy dimensions, although the photon capturing portion of a 
pixel may or may not occupy the entire area of the pixel and 
may or may not have a regular shape. In some embodiments, 
the sensor elements are disposed in a plane, referred to herein 
as a sensor plane. The sensor may have orthogonal sensor 
reference axes, including for example, an X-axis, a y-axis, and 
a Z-axis, and may be configured so as to have the sensor plane 
parallel to the x-y plane XY and directed toward the optics 
portion of the optical channel. Each optical channel has a field 
of view corresponding to an expanse viewable by the sensor 
array. Each of the sensor elements may be associated with a 
respective portion of the field of view. 
0.141. The sensor array may employ any type of technol 
ogy, for example, but not limited to MOS pixel technologies 
(e.g., one or more portions of the sensor are implemented in 
"Metal Oxide Semiconductor” technology), charge coupled 
device (CCD) pixel technologies, or combination of both. 
The sensor array may comprise any Suitable material or mate 
rials, including, but not limited to, silicon, germanium and/or 
combinations thereof. The sensor elements or pixels may be 
formed in any Suitable manner. 
0142. In operation, the sensor array 2404A, is exposed to 
light on a sequential line per line basis (similar to a scanner, 
for example) or globally (similar to conventional film camera 
exposure, for example). After being exposed to light for cer 
tain period of time (exposure time), the pixels 24801-2480, 
m, are read out, e.g., on a sequential line per line basis. 
0.143. In some embodiments, circuitry 2470, also referred 
to as column logic 2470, is used to read the signals from the 
pixels 2480,-2480, FIG.24C is a schematic representa 
tion of a pixel circuit. The pixels 24801-2480, also referred 
to as sensor elements, may be accessed one row at a time by 
asserting one of the word lines 2482, which run horizontally 
through the sensor array 2404A. A single pixel 2480, is 
shown. Data is passed into and/or out of the pixel 2480, via 
bit lines (such as bit line 2484) which run vertically through 
the sensor array 2404A. 
0144. The pixels are not limited to the configurations 
shown in FIGS. 24A-24C. As stated above, each of the one or 
more sensor arrays may have any configuration (e.g., size, 
shape, pixel design). 

0145 The sensor arrays 2202A-2202D of FIG.22 may or 
may not be identical to one another. In some embodiments, 
for example, the sensor arrays are identical to one another. In 
Some other embodiments, one or more of the sensor arrays are 
different, in one or more respects, from one or more of the 
other sensor arrays. For example, in Some embodiments, one 
or more of the characteristics (for example, but not limited to, 
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its type of element(s), size (for example, Surface area), and/or 
performance) of one or more of the sensor arrays is tailored to 
the respective optics portion and/or to help achieve a desired 
result. 

0146 FIG. 25 is a schematic cross-sectional view of a 
digital camera apparatus 2500 including a printed circuit 
board 2520 of a digital camera on which the digital camera 
elements are mounted, under an embodiment. In this embodi 
ment, the one or more optics portions, e.g., optics portions 
2512A and 2512B are seated in and/or affixed to a support 
2514. The support 2514 (for example a frame) is disposed 
superjacent a first bond layer 2522, which is disposed super 
jacent an image device 2520, in or on which sensorportions 
2512A-2512D (sensor portions 2512C and 2512D are not 
shown), are disposed and/or integrated. The image device 
2520 is disposed superjacent a second bond layer 2524 which 
is disposed superjacent the printed circuit board 2521. 
0147 The printed circuit board 2521 includes a major 
outer surface 2530 that defines a mounting region on which 
the image device 2520 is mounted. The major outer surface 
2530 may further define and one or more additional mounting 
regions (not shown) on which one or more additional devices 
used in the digital camera may be mounted. One or more pads 
2532 are provided on the major outer surface 2530 of the 
printed circuit board to connect to one or more of the devices 
mounted thereon. 

0148. The image device 2520 includes the one or more 
sensor arrays (not shown), and one or more electrically con 
ductive layers. In some embodiments, the image device 2520 
further includes one, some or all portions of a processor for 
the digital camera apparatus 2500. The image device 2520 
further includes a major outer surface 740 that defines a 
mounting region on which the Support 2514 is mounted. 
014.9 The one or more electrically conductive layers may 
be patterned to define one or more pads 2542 and one or more 
traces (not shown) that connect the one or more pads to one or 
more of the one or more sensor arrays. The pads 2542 are 
disposed, for example, in the vicinity of the perimeter of the 
image device 2520, for example along one, two, three or four 
sides of the image device 2520. The one or more conductive 
layers may comprise, for example, copper, copper foil, and/or 
any other Suitably conductive material(s). 
0150. A plurality of electrical conductors 2550 may con 
nect one or more of the pads 2542 on the image device 2520 
to one or more of the pads 2532 on the circuitboard 2521. The 
conductors 2550 may be used, for example, to connect one or 
more circuits on the image device 2520 to one or more circuits 
on the printed circuit board 2521. 
0151. The first and second bond layers 2522 and 2524 may 
comprise any Suitable material(s), including but not limited to 
adhesive, and may comprise any suitable configuration. The 
first and second bond layers 2522, 2524 may comprise the 
same material(s) although this is not required. As used herein, 
a bond layer may be continuous or discontinuous. For 
example, a conductive layer may be an etched printed circuit 
layer. Moreover, a bond layer may or may not be planar or 
even Substantially planar. For example, a conformal bond 
layer on a non-planar Surface will be non-planar. 
0152 FIG. 26 is a schematic perspective view of a digital 
camera apparatus having one or more optics portions with the 
capability to provide color separation in accordance with one 
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embodiment of the present invention. In some of such 
embodiments, one or more of the optics portions, e.g., optics 
portion 2612C includes an array of color filters, for example, 
but not limited to a Bayer patter. In some of such embodi 
ments, one or more of the optics portions, e.g., optics portion 
2612C has the capability to provide color separation similar 
to that which is provided by a color filter array. 
0153. In some embodiments, the lens and/or filter of the 
optical channel may transmit both of such colors or bands of 
colors, and the optical channel may include one or more 
mechanisms elsewhere in the optical channel to separate the 
two colors or two bands of colors. For example, a color filter 
array may be disposed between the lens and the sensor array, 
and/or the optical channel may employ a sensor capable of 
separating the colors or bands of colors. In some of the latter 
embodiments, the sensor array may be provided with pixels 
that have multiband capability, e.g., two or three colors. For 
example, each pixel may comprise two or three photodiodes, 
wherein a first photodiode is adapted to detect a first color or 
first band of colors, a second photodiode is adapted to detect 
a second color or band of colors and a third photodiode is 
adapted to detect a third color or band of colors. One way to 
accomplish this is to provide the photodiodes with different 
structures and/or characteristics that make them selective, 
such that the first photodiode has a higher sensitivity to the 
first color or first band of colors than to the second color or 
band of colors, and the second photodiode has a higher sen 
sitivity to the second color or secondband of colors than to the 
first color or first band of colors. Alternatively, the photo 
diodes are disposed at different depths in the pixel, taking 
advantage of the different penetration and absorption charac 
teristics of the different colors or bands of colors. For 
example, blue and blue bands of colors penetrate less (and are 
thus absorbed at a lesser depth) than green and green bands of 
colors, which in turn penetrate less (and are thus absorbed at 
a lesser depth) than red and red bands of colors. In some 
embodiments, such a sensor array is employed, even though 
the pixels may see only one particular color or band of colors, 
for example, to in order to adapt such sensor array to the 
particular color or band of colors. 
0154 FIG. 27A is a block diagram of a processor 2702 of 
a digital camera subsystem 2700, under an embodiment. In 
this embodiment, the processor 2702 includes one or more 
channel processors, one or more image pipelines, and/or one 
or more image post processors. Each of the channel proces 
sors is coupled to a respective one of the optical channels (not 
shown) and generates an image based at least in part on the 
signal(s) received from the respective optical channel. In 
some embodiments the processor 2702 generates a combined 
imaged based at least in part on the images from two or more 
of the optical channels. In some embodiments, one or more of 
the channel processors are tailored to its respective optical 
channel, as previously described. 
0.155. In various embodiments, the gain, noise reduction, 
dynamic range, linearity and/or any other characteristic of the 
processor, or combinations of Such characteristics, may be 
adapted to improve and/or optimize the processor to a wave 
length or color (or band of wavelengths or colors). Tailoring 
the channel processing to the respective optical channel 
makes it possible to generate an image of a quality that is 
higher than the quality of images resulting from traditional 
image sensors of like pixel count. In such embodiments, 
providing each optical channel with a dedicated channel pro 
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cessor helps to reduce or simplify the amount of logic in the 
channel processors, as the channel processor may not need to 
accommodate extreme shifts in color or wavelength, e.g., 
from a color (or band of colors) or wavelength (or band of 
wavelengths) at one extreme to a color (or band of colors) or 
wavelength (or band of wavelengths) at another extreme 
0156 The images (and/or data which is representative 
thereof) generated by the channel processors are Supplied to 
the image pipeline, which may combine the images to form a 
full color or black/white image. The output of the image 
pipeline is Supplied to the post processor, which generates 
output data in accordance with one or more output formats. 
0157 FIG. 27B shows one embodiment of a channel pro 
cessor. In this embodiment, the channel processor includes 
column logic, analog signal logic, and black level control and 
exposure control. The column logic is coupled to the sensor 
and reads the signals from the pixels. Each of the column 
logic, analog signal logic, black level control and exposure 
control can be configured for processing as appropriate to the 
corresponding optical channel configuration (e.g., specific 
wavelength or color, etc.). For example, the column logic may 
employ an integration time or integration times adapted to 
provide a particular dynamic range as appropriate to the cor 
responding optical channel. Additionally, the analog signal 
logic is optimized, if desired, for processing. For example, 
gain, noise, dynamic range and/or linearity, etc., are opti 
mized as appropriate to the corresponding optical channel 
configuration (e.g., a specific wavelength or color, etc.). 
0158. The output of the analog signal logic is supplied to 
the black level control, which determines the level of noise 
within the signal, and filters out some or all of such noise. If 
the sensor coupled to the channel processor is focused upon a 
narrower band of visible spectrum than traditional image 
sensors, the black level control can be more finely tuned to 
eliminate noise. 

0159. The output of the black level control is supplied to 
the exposure control, which measures the overall volume of 
light being captured by the array and adjusts the capture time 
for image quality. Traditional cameras must make this deter 
mination on a global basis (for all colors). In the camera of an 
embodiment, however, the exposure control can be specifi 
cally adapted to the wavelength (or band of wavelengths) to 
which the sensor is configured. Each channel processor is 
thus able to provide a capture time that is specifically adapted 
to the sensor and/or specific color (or band of colors) targeted, 
and which may be different than the capture time provided by 
another channel processor for another optical channel. 
0160 FIG. 27C is a block diagram of the image pipeline, 
under an embodiment. In this embodiment, the image pipe 
line includes two portions. The first portion includes a color 
plane integrator and an image adjustor. The color plane inte 
grator receives an output from each of the channel processors 
and integrates the multiple color planes into a single color 
image. The output of the color plane integrator, which is 
indicative of the single color image, is Supplied to the image 
adjustor, which adjusts the single color image for saturation, 
sharpness, intensity and hue. The adjustor also adjusts the 
image to remove artifacts and any undesired effects related to 
bad pixels in the one or more color channels. The output of the 
image adjustor is Supplied to the second portion of the pipe 
line, which provides auto focus, Zoom, windowing, pixel 
binning and camera functions. 
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0.161 FIG. 27D is a block diagram of the image post 
processor, under an embodiment. In this embodiment, the 
image post processor includes an encoder and an output inter 
face. The encoder receives the output signal from the image 
pipeline and provides encoding to Supply an output signal in 
accordance with one or more standard protocols (e.g., MPEG 
and/or JPEG). The output of the encoder is supplied to the 
output interface, which provides encoding to Supply an output 
signal in accordance with a standard output interface, e.g., 
universal serial bus (USB) interface. 
0162 FIG. 28 is a block diagram of digital camera system, 
including system control components, under an embodiment. 
The system control portion includes a serial interface, con 
figuration registers, power management, Voltage regulation 
and control, timing and control, a camera control interface 
and a serial interface, but is not so limited. In some embodi 
ments, the camera interface comprises an interface that pro 
cesses signals that are in the form of high level language 
(HLL) instructions. In some embodiments the camera inter 
face comprises an interface that processes control signals that 
are in the form of low level language (LLL) instructions 
and/or of any otherform now known or later developed. Some 
embodiments may process both HLL instructions and LLL 
instructions. 

0.163 As used herein, the following terms are interpreted 
as described below, unless the context requires a different 
interpretation. 

0.164 Array' means a group of photodetectors, also know 
as pixels, which operate in concert to create one image. The 
array captures photons and converts the data to an electronic 
signal. The array outputs this raw data to signal processing 
circuitry that generates the image sensor image output. 

0.165 “Digital Camera' means a single assembly that 
receives photons, converts them to electrical signals on a 
semiconductor device (“image sensor), and processes those 
signals into an output that yields a photographic image. The 
digital camera would included any necessary lenses, image 
sensor, shutter, flash, signal processing circuitry, memory 
device, user interface features, power Supply and any 
mechanical structure (e.g. circuit board, housing, etc) to 
house these components. A digital camera may be a stand 
alone product or may be imbedded in other appliances, such 
as cell phones, computers or the myriad of other imaging 
platforms now available or to be created in the future, such as 
those that become feasible as a result of this invention. 

0166 “Digital Camera Subsystem (DCS) means a single 
assembly that receives photons, converts them to electrical 
signals on a semiconductor device (“image sensor”) and pro 
cesses those signals into an output that yields a photographic 
image. The Digital Camera Subsystem includes any neces 
sary lenses, image sensor, signal processing circuitry, shutter, 
flash and any frame to hold the components as may be 
required. The power Supply, memory devices and any 
mechanical structure are not necessarily included. 

0.167 “Electronic media' means that images are captured, 
processed and stored electronically as opposed to the use of 
film. 

0168 “Frame' or “thin plate” means the component of the 
DCS that is used to hold the lenses and mount to the image 
sensor or imager die. 
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0169. “Image sensor means the semiconductor device 
that includes the photon detectors (pixels'), processing cir 
cuitry and output channels. The inputs are the photons and the 
output is the image data. 
0170 “Lens' means a single lens or series of stacked 
lenses (a column one above the other) that shape light rays 
above an individual array. When multiple stacks of lenses are 
employed over different arrays, they are called “lenses.” 
0171 “Package” means a case or frame that an image 
sensor (or any semiconductor chip) is mounted in or on, 
which protects the imager and provides a hermetic Seal. 
“Packageless” refers to those semiconductor chips that can be 
mounted directly to a circuit board without need of a package. 
0172. The terms “Photo-detector” and “pixels' mean an 
electronic device that senses and captures photons and con 
verts them to electronic signals. These extremely small 
devices are used in large quantities (hundreds of thousands to 
millions) in a matrix to capture an image. 
0173 “Semiconductor Chip” means a discrete electronic 
device fabricated on a silicon or similar substrate, which is 
commonly used in virtually all electronic equipment. 
0174 “Signal Processing Circuitry’ means the hardware 
and Software within the image sensor that translates the pho 
ton input information into electronic signals and ultimately 
into an image output signal. 

What is claimed is: 
1. A lens frame apparatus, comprising: 
a lowerframe portion mounted on an integrated circuit (IC) 

imager die containing at least one image capture micro 
electronic device; 

an upper frame structure detachably coupled to the lower 
frame portion, and comprising a plurality of circular 
cutout, each circular cutout containing a threaded inner 
Surface for Supporting a lens barrel that is adjustably 
mounted within a respective circular cutout, wherein a 
bottom surface of each adjustably mounted lens barrel 
has a bottom Surface with a chamfered annular portion, 
and wherein the lower frame portion includes a plurality 
of void areas corresponding to the circular cutouts of the 
upper frame structure, each Void area including a cham 
fered upper annular Surface that is configured to match 
the chamfered annular portion of the bottom surface of a 
lens barrel mounted within a respective circular cutout. 

2. The lens frame apparatus of claim 1, wherein the upper 
frame structure comprises three circular cutouts, each dis 
posed at the apex of a triangle, and wherein the lower frame 
portion includes three corresponding Void areas. 

3. The lens frame apparatus of claim 1, wherein each lens 
barrel comprises one or more optical lenses mounted within 
the barrel perpendicular to a plane defined by an imaging axis 
through the lens barrel. 

4. The lens frame apparatus of claim 1, wherein each lens 
barrel is adjustably mounted within a respective circular cut 
out during a manufacturing process. 

5. The lens frame apparatus of claim 4 wherein the lens 
barrel is permanently fixed within the respective circular cut 
out after the manufacturing process. 

6. The lens frame apparatus of claim 3, wherein the one or 
more optical lenses of the lens barrel are positioned to receive 
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light from an object and forman image of the object on one or 
more image regions located on the imager die. 

7. The lens frame apparatus of claim 6, wherein the one or 
more optical lenses of each lens barrel image light of a dif 
ferent wavelength. 

8. The lens frame apparatus of claim 4, wherein the cham 
fered upper annular surface of each circular area functions as 
a travel stop when a lens barrel is adjustably mounted in a 
lowest position within the upper frame portion. 

9. The lens frame apparatus of claim 1, wherein the plural 
ity of groups of optical lenses comprises: 

a first lens group located on an object side of the apparatus, 
the first lens group comprising at least one optical lens; 
and 

a second lens group located between the first lens group 
and an image side of the apparatus, the second lens 
group comprising at least one optical lens, wherein the 
second lens group is separated from the first lens group 
by an adjustable gap. 

10. The lens frame apparatus of claim 1, wherein the image 
capture microelectronic device is selected from the group 
consisting of a Charged Coupled Device (CCD) image cap 
ture device and a Complementary Metal-Oxide Semiconduc 
tor (CMOS) image capture device. 

11. The lens frame apparatus of claim 5, wherein the 
imager die is a CMOS integrated circuit. 

12. An optical lens frame, comprising: 
a Substantially rectangular upper Surface comprising a plu 

rality of lens barrel holes: 
a perimeter structure extending downwards from the upper 

Surface along a periphery of the upper Surface, the 
perimeter structure configured to rest on a portion of a 
top surface of an imager die; and 

a central Support structure extending downward from a 
central portion of the upper surface to the top surface of 
the imager die. 

13. The optical lens frame of claim 12, wherein each lens 
barrel hole is configured to accommodate a respective lens 
barrel comprising one or more optical lenses mounted within 
the barrel perpendicular to a plane defined by an imaging axis 
through the lens barrel. 

14. The optical lens frame of claim 13, wherein each lens 
barrel is adjustably mounted within a respective circular cut 
out during a manufacturing process. 

15. The optical lens frame of claim 14 wherein the lens 
barrel is permanently fixed within the respective circular cut 
out after the manufacturing process. 

16. The optical lens frame of claim 15 wherein the lens 
barrel has a threaded shaft portion that mates to a threaded 
inner Surface of a corresponding mounting hole through the 
upper Surface. 

17. The optical lens frame of claim 15 wherein the lens 
barrel has a smooth shaft portion that friction fits to an inner 
Surface of a corresponding mounting hole through the upper 
Surface. 

18. The lens frame apparatus of claim 15, wherein the one 
or more optical lenses of the lens barrel are positioned to 
receive light from an object and form an image of the object 
on one or more image regions located on the imager die. 

19. The lens frame apparatus of claim 18, wherein the one 
or more optical lenses of each lens barrel image light of a 
different wavelength. 
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20. The lens frame apparatus of claim 19, wherein the 
central Support structure comprises a post. 

21. The lens frame apparatus of claim 20, wherein the post 
has a cross-sectional shape selected from the group consisting 
of a circle, a rectangle, and a triangle. 

22. The lens frame apparatus of claim 21, wherein the post 
includes one or more extensions that partially block light 
leakage between adjacent imaging areas defined by the one or 
more optical lenses of each lens barrel. 

23. A lens barrel comprising: 
a shaft portion for adjustably mounting within lens hole of 

a first frame portion coupled to an imaging die; 
a barrel coupled to the shaft portion holding one or more 

lenses perpendicular to an imaging axis drawn through a 
longitudinal axis of the barrel portion; and 

a chamfered annular region at a bottom Surface of the 
barrel, configured to stop against a corresponding cham 
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fered annular region on a second frame portion coupled 
between the first frame portion and the imaging die, 
when the shaft portion is adjusted at a lowest position 
within the first frame portion. 

24. The lens barrel of claim 23, wherein the shaft portion is 
threaded to match corresponding threading in the lens barrel 
hole, and wherein the lens barrel is rotatably adjusted to a 
defined position in the first frame portion. 

25. The lens barrel of claim 23, wherein the shaft portion is 
smooth and configured to be friction fit within the lens barrel 
hole, and wherein the lens barrel is slidably adjusted to a 
defined position in the first frame portion. 

26. The lens barrel of claim 25, wherein the shaft portion 
and lens hole includes a slot and pegassembly to hold the lens 
barrel in a fixed rotational position within the lens hole. 

c c c c c 


