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G7) ABSTRACT

There are many, many inventions described herein. In one
aspect, what is disclosed is a digital camera including a
plurality of arrays of photo detectors, including a first array
of photo detectors to sample an intensity of light of a first
wavelength and a second array of photo detectors to sample
an intensity of light of a second wavelength. The digital
camera further may also include a first lens disposed in an
optical path of the first array of photo detectors, wherein the
first lens includes a predetermined optical response to the
light of the first wavelength, and a second lens disposed in
with an optical path of the second array of photo detectors
wherein the second lens includes a predetermined optical
response to the light of the second wavelength. In addition,
the digital camera may include signal processing circuitry,
coupled to the first and second arrays of photo detectors, to
generate a composite image using (i) data which is repre-
sentative of the intensity of light sampled by the first array
of photo detectors, and (ii) data which is representative of
the intensity of light sampled by the second array of photo
detectors; wherein the first array of photo detectors, the
second array of photo detectors, and the signal processing
circuitry are integrated on or in the same semiconductor
substrate.
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APPARATUS FOR MULTIPLE CAMERA DEVICES
AND METHOD OF OPERATING SAME

RELATED APPLICATIONS

[0001] This application claims priority to: (1) U.S. Provi-
sional Application Ser. No. 60/604,854, entitled “Solid State
Camera”, filed Aug. 25, 2004; and (2) U.S. Provisional
Application Ser. No. 60/695,946, entitled “Method and
Apparatus for use in Camera and Systems Employing
Same”, filed Jul. 1, 2005 (collectively “the Provisional
Applications™). The contents of the Provisional Applications
are incorporated by reference herein in their entirety.

FIELD OF THE INVENTION
[0002] The field of the invention is digital imaging.

BACKGROUND

[0003] The recent technology transition from film to “elec-
tronic media” has spurred the rapid growth of the imaging
industry with applications including still and video cameras,
cell phones, other personal communications devices, sur-
veillance equipment, automotive applications, computer
based video communication and conferencing, manufactur-
ing and inspection devices, medical appliances, toys, plus a
wide range of other and continuously expanding applica-
tions. The lower cost and size of digital cameras (whether as
stand-alone products or imbedded in other appliances) is a
primary driver for this growth and market expansion.

[0004] Although traditional component manufacturers
continue to shrink the components to take advantage of the
electronic media, it is difficult to achieve the ever tightening
demand of digital camera producers for smaller sizes, lower
costs and higher performance. Several important issues
remain, including: 1) the smaller the size of a digital camera
(e.g., in cell phones), the poorer the image quality; 2)
complex “lenses”, shutter and flash are still required for
medium to higher quality imaging, thus negating much of
the size advantage afforded by the electronic media; and 3)
the cost advantage afforded by the electronic media is
somewhat negated by the traditional complex and costly lens
systems and other peripheral components.

[0005] Most applications are continuously looking for all
or some combination of higher performance (image quality),
features, smaller size and/or lower cost. These market needs
can often be in conflict: higher performance often requires
larger size, improved features can require higher cost as well
as a larger size, and conversely, reduced cost and/or size can
come at a penalty in performance and/or features. As an
example, consumers look for higher quality images from
their cell phones, but are unwilling to accept the size or cost
associated with putting stand-alone digital camera quality
into their pocket sized phones.

[0006] One driver to this challenge is the lens system for
digital cameras. As the number of photo-detectors (pixels)
increases, which increases image resolution, the lenses must
become larger to span the increased size of the image sensor
which carries the photo detectors. The pixel size can be
reduced to maintain a constant image sensor and optics size
as the number of pixels increases but pixel performance is
reduced (reduced photo-signal and increased crosstalk
between pixels). Also, the desirable “zoom lens” feature
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adds additional moveable optical components, size and cost
to a lens system. Zoom, as performed by the lens system,
known as “optical zoom”, changes the focal length of the
optics and is a highly desired feature. These attributes (for
example, increased number of pixels in the image sensor and
optical zoom), although benefiting image quality and fea-
tures, may adversely impact the camera size and cost. In
some cases, such as cell phones or other appliances where
size and/or cost are critical, this approach to good image
quality (high resolution and sensitivity) is not optimum.

[0007] Digital camera suppliers have one advantage over
traditional film providers in the area of zoom capability.
Through electronic processing, digital cameras can provide
“electronic zoom” which provides the zoom capability by
cropping the outer regions of an image and then electroni-
cally enlarging the center region to the original size of the
image. In a manner similar to traditional enlargements, a
degree of resolution is lost when performing this process.
Further, since digital cameras capture discrete input to form
a picture rather than the ubiquitous process of film, the lost
resolution is more pronounced. As such, although “elec-
tronic zoom” is a desired feature, it is not a direct substitute
for “optical zoom.”

[0008] Conventional digital cameras typically use a single
aperture and lens system to image the scene onto one or
more image sensors. Color separation (if desired), such as
red, green and blue (RGB), is typically achieved by three
methods: 1) a color filter array on a single integrated circuit
image sensor, 2) multiple image sensors with a color sepa-
ration means in the optical path (such as prisms), or 3) an
imager with color separation and multiple signal collection
capability within each pixel. These three color separation
method have limitations as noted below.

[0009] The color filter array, such as the often used Bayer
pattern, changes the incident color between adjacent pixels
on the array and color crosstalk occurs that prevents accurate
color rendition of the original image. Since the array is
populated with pixels of different color capability, interpo-
lation techniques are required to create a suitable color
image. The color filter array may also have low and variable
optical transmission that reduces received optical signal
levels and creates pixel-to-pixel image non-uniformity.

[0010] The use of multiple imagers, with color separation
methods such as a prism, provides accurate color rendition
but the optical assembly is large and expensive.

[0011] Color separation methods within the pixel create
crosstalk of colors and inaccurate color rendition. Since
multiple color charge collection and readout means are
required in each pixel, pixel size reduction is limited.

[0012] Technology advances in lenslet optical design and
fabrication, integrated circuit imager pixel size reduction
and digital post-processing have opened new possibilities
for cameras and imaging systems which differ dramatically
in form fit and function from time-honored digital camera
designs. The use of multiple camera channels (multiple
optics, image sensors and electronics) in a compact assem-
bly allows fabrication of a digital camera with improved
image quality, reduced physical thickness and increased
imaging functionality not achievable with a conventional
single aperture/optical system digital camera architecture.
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SUMMARY OF THE INVENTION(S)

[0013] It should be understood that there are many inven-
tions described and illustrated herein. Indeed, the present
invention is neither limited to any single aspect nor embodi-
ment thereof, nor to any combinations and/or permutations
of such aspects and/or embodiments. Moreover, each of the
aspects of the present invention, and/or embodiments
thereof, may be employed alone or in combination with one
or more of the other aspects of the present invention and/or
embodiments thereof. For the sake of brevity, many of those
permutations and combinations will not be discussed sepa-
rately herein.

[0014] In one aspect of the present invention, an image
sensor comprises separate first and second arrays of photo
detectors and a signal processing circuitry that combines
signals from the arrays to produce a composite image.

[0015] Preferred embodiments include three or more
arrays of photo detectors, wherein the signal processing
circuitry processes the signals from each array and then
combines the signals from all of the arrays to produce a
composite image. Such use of multiple arrays allows each of
the arrays to be optimized in some respect, such as for
receipt of particular colors. Thus, for example, the arrays can
be optimized to detect light of different colors, or other
wavelengths. The “colors” can be narrow bands, or broad
bands such as red, green, or blue. The bands can even be
overlapping.

[0016] Optimization can be accomplished in any desired
manner, including for example having different average
pixel depths, column logic, analog signal logic, black level
logic, exposure control, image processing techniques, and
lens design and coloration.

[0017] Asensor having two or more different arrays could
advantageously have a different lens over each of the dif-
ferent arrays. Preferred lenses can employ a die coating,
defused dye in the optical medium, a substantially uniform
color filter or any other filtering technique through which
light passes to the underlying array.

[0018] The processing circuitry can comprise any suitable
mechanism and/or logic. Of particular interest are circuitries
that produce multiple separate images from the different
arrays, and then combines the multiple separate images to
form a single image. During the process the signal process-
ing circuitry can advantageously execute image enhance-
ment functions, such as address saturation, sharpness, inten-
sity, hue, artifact removal, and defective pixel correction.

[0019] As far as integration, it is desirable for the various
arrays to be physically located on the same chip. In addition,
it is desirable to couple a frame to the chip, and to couple at
least one of the lenses to the frame. The lenses can be
independently positionable during manufacture, and then
sealed to the frame using a sealant or other bonding tech-
nique. The integration of these elements is called the “Digi-
tal Camera Subsystem” (DCS).

[0020] Preferred image sensors contain at least several
hundred thousand of the photo detectors, and have a total
thickness of no more than 10, 15, or 20 mm, including the
lens and frame. Such small DCS devices may be incorpo-
rated into a semiconductor “package” or directly attached to
a circuit board (“packageless”™), using wave soldering, die on
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board, or other techniques. The DCS and/or board can then
be incorporated into cameras or other devices having user
interface elements, memory that stores images derived from
the arrays, and at least one power supply that provides power
to the system. The DCS, cameras and other devices of the
invention can be used for any suitable purpose, including
especially still and video imaging, calculating a distance,
and creating a 3D effect.

[0021] In another aspect of the present invention a com-
pact solid-state camera (compact digital camera) comprises
a first and second camera channel, located in close proximity
to each other, where each camera channel contains its own
optics, image sensor and signal processing circuitry. The two
camera channels (being identical or different) can combine
their output signals to form a composite image or each
camera channel can provide a separate image. The electron-
ics to combine images from any combination of camera
channels or to display/store/transmit channels individually
or combined is included in the compact solid-state camera
assembly (CSSC).

[0022] Other embodiments include three or more camera
channels (identical or different), wherein the signal process-
ing circuitry processes the signals from each channel and
then combines the signals from some or all the channels to
produce a composite image or each camera channel can
provide a separate image by itself in conjunction with a
composite image. The use of multiple camera channels
allows each of the channels to be optimized in some respect,
if desired, such as imaging of particular incident light colors.
Thus, for example, the arrays can be optimized to detect
light of different colors, or other wavelengths. The “colors”
of each camera channel can be narrow bands, or broad bands
such as red, green, or blue. The bands can even be overlap-
ping. Each camera channel can image one or more colors.

[0023] Optimization of each camera channel can be
accomplished in any desired manner, including optics,
image sensor and signal processing electronics to obtain a
desired image capability, for example the optics can opti-
mized for a certain image sensor size, wavelength (color),
focal length and f-number. The image sensor can be opti-
mized by number of pixels, pixel size, pixel design (photo-
detector and circuitry), frame rate, integration time, and
peripheral circuitry external to the pixel circuitry. The signal
processing electronics can be optimized for color correction,
image compression, bad pixel replacement and other imag-
ing functions. The camera channels can be identical or
unique; however all located in close proximity.

[0024] Color filters (or other color separation techniques),
if desired, can be incorporated into the optical materials or
optics surfaces, as separate filter layers, on the image sensor
surface or built into the pixel semiconductor by design. Each
camera channel can have its own color imaging character-
istics. The image sensor can have a single color capability or
multiple color capability; this multiple color capability can
be within a single pixel, or between adjacent pixels (or
combinations of single and adjacent pixels)

[0025] The processing circuitry can comprise any suitable
mechanism and/or logic to optimize the image quality. Of
particular interest are circuitries that produce separate
images from the camera channels, and then combines the
multiple separate images to form a composite single image.
During the process, the signal processing circuitry can
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advantageously execute image enhancement functions, such
as dynamic range management (auto gain/level), image
sharpening, intensity correction, hue, artifact removal,
defective pixel correction and other imaging optimization
functions. The processing circuitry can operate in an analog
or digital mode.

[0026] As far as mechanical integration, it is desirable for
the various image sensors of the camera channels be physi-
cally located on the same integrated circuit (chip) to reduce
manufacturing costs and reduce electrical interconnects and
size. In addition, it is desirable to assemble a mechanical
frame to the chip, and to couple one or more of the lenses
to the frame. The lenses can be independently positionable
during manufacture, and then sealed to the frame using a
sealant or other bonding technique. The integration of these
elements is called the “Digital Camera Subsystem” (DCS).
The vertical integration of other layers to the DCS (such as
camera system electronics and even display capability), can
form a compact solid-state camera (CSSC)

[0027] Preferred camera channels contain at least several
hundred thousand of the photo detectors (pixels). The thick-
ness of the camera channels (including image sensors and
optics) can be thinner than conventional camera systems (for
equivalent image resolution) where only one optical assem-
bly is utilized. Such small DCS devices may be incorporated
into a semiconductor “package” or directly attached to a
circuit board (“packageless”), using wave soldering, die on
board, or other techniques. The DCS and/or board can then
be incorporated into cameras or other devices having user
interface elements, memory that stores images derived from
the arrays, and at least one power supply that provides power
to the system. The DCS, cameras and other devices of the
invention can be used for any suitable purpose, including
especially still and video imaging.

[0028] Notably, in certain aspects, a digital camera sub-
assembly includes two or more complete camera channels in
a single layered assembly that contains all desired compo-
nents (optics, mechanical structures and electronics) in one
heterogeneous assembly or package.

[0029] In another embodiment, the digital camera subas-
sembly has the form of a multi-layer laminate.

[0030] In another embodiment, two or more of the camera
channels includes channel specific optics, optical alignment
structures (mechanical frame), packaging, color filters and
other optical elements, image sensors, mixed signal inter-
face, image and/or color processing logic, memory, control
and timing logic, power management logic and parallel
and/or serial device interface.

[0031] In another embodiment, each camera channel also
includes one or more of the following: single or multi-
channel image compression logic and/or image output for-
matting logic, wired or wireless communications, and opti-
cal display capability.

[0032] In another embodiment, the output of each channel
can provide either discrete processed images or integrated
images comprising a color or partial color images.

[0033] In another embodiment, the camera channels are
co-located, in close proximity defined by number of, type of,
and position of, and optical diameter constraints of the lens
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system, on a two-dimensional focal plane that comprises one
component layer of the CSSC.

[0034] In another embodiment, each camera channel fur-
ther contains an image sensor to provide a photon sensing
capability that makes up part of the overall compact solid-
state camera using semiconductor-based detection mecha-
nisms (no film). The single assembly may be formed by two
or more component layers that are assembled sequentially in
the vertical dimension (orthogonal to the focal plane).

[0035] In another embodiment, the assembly, comprising
the vertically integrated component layers, with multiple
camera channel capability, provides camera system capabil-
ity and performance not achievable with conventional cam-
era systems using a single camera channel.

[0036] In another embodiment, some or the entire verti-
cally integrated component layers are be formed by methods
of wafer scale integration or laminated assembly to create
portions of many camera systems simultaneously.

[0037] In another embodiment, the wafers or layers may
contain optical, mechanical and electrical components, elec-
trical interconnects and other devices (such as a display).

[0038] In another embodiment, the electrical interconnect
between component layers may be formed by lithography
and metallization, bump bonding or other methods. Organic
or inorganic bonding methods can be used to join the
component layers. The layered assembly process starts with
a “host” wafer with electronics used for the entire camera
and/or each camera channel. Then another wafer or indi-
vidual chips are aligned and bonded to the host wafer. The
transferred wafers or chips can have bumps to make elec-
trical interconnect or connects can be made after bonding
and thinning. The support substrate from the second wafer or
individual chips is removed, leaving only a few microns
material thickness attached to the host wafer containing the
transferred electronics. Electrical interconnects are then
made (if needed) between the host and the bonded wafer or
die using standard integrated circuit processes. The process
can be repeated multiple times. The layers transferred in this
fashion can contain electrical, mechanical or optical fea-
tures/components. This process allows multiple layers to
form a heterogeneous assembly with electrical, mechanical
and optical capabilities required in a compact solid-state
camera.

[0039] In another embodiment, the camera channels are
comprised of linear or area array imagers, of any size,
format, pixel number, pixel design or pixel pitch.

[0040] In another embodiment, the camera channels pro-
vide full color, single color, multi-color or mono chromatic
(black and white) capability in any wavelength range from
ultraviolet (UV) to infrared (IR). Color filters, if desired,
may be on an image sensor or within the optical component
layer or a combination of both. The camera channels may
also provide color capability by utilizing the semiconductor
absorption properties in a pixel. For example, a pixel may
provide one or more color capability via the optical absorp-
tion depth properties. The pixel color separation properties
may also be combined with color filters in the optical path.

[0041] In another embodiment, a high spatial image reso-
lution may be achieved by using multiple camera channels
to observe the same field of view from a slightly different
perspective.
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[0042] In another embodiment, two or more camera chan-
nels observe the same field of view, although from a different
perspective as a result of a spatial offset between such
camera channels. In some of such embodiments, images
from such two or more camera channels may be combined
to result in an image that provides high spatial resolution. It
may be advantageous to employ a parallax correction algo-
rithm in order to reduce and/or eliminate the effects of the
parallax. Alternatively, images from the two or more camera
channels (with the same field of view but different perspec-
tives) may be combined to provide three dimensional feature
imaging. In this regard, it may be advantageous to increase
and/or enhance the effects of the parallax, for example, by
applying a parallax correction algorithm “inversely”. Three
dimensional feature imaging may be used, for example, in
finger print and/or retinal feature imaging and/or analysis.
Any parallax correction algorithm whether now known or
later developed may be employed in conjunction with any of
the embodiments herein. Any of the previous embodiments
can be employed in association with an increase in parallax
and/or a decrease in parallax.

[0043] In another embodiment, optical features may be
added to the optical stack of one or more camera channels
to provide additional imaging capability such as single, dual
or tunable color filters, wave front modification for
increased depth of focus and auto focus, and glare reduction
polarization filters. Notably, any optical feature whether now
known or later developed may be incorporated in one or
more of the camera channels to provide additional imaging
capability.

[0044] 1In another embodiment, the optical portion may
include one or more filters, e.g., color filters, to provide one
or more wavelengths or one or more bands of wavelengths
to one or more associated sensor arrays. Such filters may be
for example, single or dual, fixed or tunable filters. In one
embodiment, the user, operator and/or manufacturer may
employ a tunable filter to control or determine the one or
more wavelengths or the one or more bands of wavelengths.

[0045] In another embodiment, one or more filters are
employed in association with one, some or all of the camera
channels. Such filters may or may not be the same as one
another. For example, the filters may or may not provide the
same wavelength or bands of wavelengths. In addition, some
of the filters may be fixed and others may be tunable.

[0046] In another embodiment, the optical portion
includes a wave front modification element, for example, to
increase the depth of focus and/or for use in implementing
auto focus. In addition, in another embodiment, the optical
portion may include one or more glare reduction polariza-
tion filters, to polarize the light and thereby reduce “glare”.
Such filters may be employed alone or in combination with
any of the embodiments disclosed herein.

[0047] Any of the embodiments of the present invention
may include one or more illumination units to improve
and/or enhance image acquisition by the one or more camera
channels (and, in particular, the one or more sensor arrays),
facilitate range detection to an object, shape detection of an
object, and covert imaging (i.c., imaging that is not observ-
able to the human eye).

[0048] The illumination units may provide passive (for
example, no illumination), active (for example, constant
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illumination), constant and/or gated active illumination (for
example, pulsed illumination that is predetermined, preset or
processor controlled, and/or pulsed illumination that is user/
operator programmable). The one or more illumination units
may be disposed on or integrated in the support frame and/or
the substrate of the sensor arrays. Indeed, the one or more
illumination units may be disposed on or integrated in any
element or component of the one or more of the camera
channels.

[0049] In some embodiments, the illumination units are
dedicated to one or more camera channels. In this regard, the
illumination unit is “enabled” cooperatively with the opera-
tion of one or more dedicated channels. In another embodi-
ment, the illumination units are shared by all of the camera
channels. As such, in this embodiment, the illumination unit
is enabled cooperatively with the operation of the camera
channels. Indeed, in certain embodiments, one or more
illumination units may be dedicated to one or more camera
channels and one or more illumination units may be shared
by one or more camera channels (including those channels
that are associated with one or more dedicated illumination
units). In this embodiment, the dedicated illumination units
are “enabled” cooperatively with the operation of one or
more dedicated channels and the shared illumination units
are enabled cooperatively with the operation of all of the
camera channels.

[0050] As noted above, one or more of the camera chan-
nels may be optimized, modified and/or configured accord-
ing to a predetermined, an adaptively determined, an antici-
pated and/or a desired spectral response of the one or more
camera channels. For example, the dimensions, character-
istics, operation, response and/or parameters of a sensor
array (and/or pixels thereof) as well as image processing
circuitry may be configured, designed and/or tailored in
accordance with predetermined, adaptively determined,
anticipated and/or desired spectral response of the one or
more camera channels. In this way, one or more aspects of
the digital camera of the present inventions may be config-
ured, designed and/or tailored to provide a desired, suitable,
predetermined and/or particular response in the environment
in which the camera is to be employed.

[0051] In some embodiments, each camera channel may
be uniquely configured, designed and/or tailored. For
example, one or more camera channels may be configured to
include a field of view that is different than one or more
camera channels. As such, one or more camera channels
have a first field of view and one or more other camera
channels have a second field of view. In this way, a digital
camera may simultaneously capture an image using different
fields of view.

[0052] The field of view may be fixed or programmable
(for example, in situ). The field of view may be adjusted
using a number of techniques or configurations including
adjustment or modification of the optics focal length and/or
adjustment or modification of the effective size of the array.
Indeed, any technique or configuration to adjust the field of
view, whether now known or later developed, is intended to
come within the scope of the present inventions.

[0053] Further, the digital camera of the present inventions
may include programmable (in situ or otherwise) or fixed
integration times for one or more (or all) of the camera
channels. In this regard, integration time of one or more
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camera channels may be configured, designed and/or tai-
lored to facilitate capture of, for example, a large scene
dynamic range. As such, in this embodiment, single color
band camera channels may be used to create a combined
color image capability (including, for example, UV and IR
if desired), configuring and/or designing the integration time
of each camera channel to provide desired signal collection
it its wavelength acquisition band.

[0054] Moreover, two or more integration times can be
implemented to simultaneously acquire low to high light
levels in the image. The combined dynamic range of the
multiple camera channels provides greater dynamic range
than from a single camera channel (having a one integration
time for all channels). As such, the image sensor(s) or
array(s) of each camera channel may be configured and/or
designed to operate using a specific (predetermined, pre-set
or programmable) integration time range and illumination
level.

[0055] Notably, the dimensions, characteristics, operation,
response and/or parameters of the camera channels (for
example, field of view, integration time, sensor array (and/or
pixels thereof), and/or image processing circuitry) may be
configured, designed and/or tailored (in situ or otherwise) in
accordance with predetermined, an adaptively determined,
anticipated and/or desired response of the one or more
camera channels. For example, the camera channels may be
configured, designed and/or tailored to include different
fields of view each having the same or different frame rates
and/or integration times. As such, in one embodiment, the
digital camera of the present inventions may include a first
large/wide field of view camera channel capability to
acquire objects and a second narrower field of view camera
channel to identify objects. Moreover, the resolution of the
first large/wide field of view camera channel and second
narrower field of view camera channel may also be different
in order to, for example, provide an enhanced image or
acquisition.

[0056] In addition, the sensor array and/or pixel size
(pitch) may be configured, designed and/or tailored in accor-
dance with a predetermined, an anticipated and/or a desired
response of the one or more camera channels. For example,
the pixel size may be configured in order to optimize,
enhance and/or obtain a particular response. In one embodi-
ment, the pixel size of associated sensor arrays may be
selected in order to provide, enhance and/or optimize a
particular response of the digital camera. In this regard,
where the sensor array includes a plurality of camera chan-
nels (for example, UV, B, R, G and IR), implementing
different pixel sizes in one or more of the sensor arrays (for
example, an increasing pixel pitch from UV (smallest) to IR
(largest)) may provide, enhance and/or optimize a particular
response of the digital camera.

[0057] The size of the pixels may be based on a number of
considerations including providing a predetermined, adap-
tively determined, anticipated or a desired resolution and/or
obtaining a predetermined, enhanced and/or suitable acqui-
sition characteristics for certain wavelength or bands of
wavelengths) for example, reducing the size of the pixel
(reducing the size of the pitch) may enhance the acquisition
of shorter wavelengths of light. This may be advantageous
when matching the corresponding reduction in optical blur
size. The pixel design and process sequence (a subset of the
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total wafer process) may be selected and/or determined to
optimize and/or enhance photo-response of a particular
camera channel color. Moreover, the number of pixels on the
sensor array may be adjusted, selected and/or determined to
provide the same field of view notwithstanding different
sizes of the pixel in the plurality of arrays.

[0058] Further, the image processing circuitry (for
example, the image processing and color processing logic)
may be configured, designed and/or tailored to provide a
predetermined, an adaptively determined, an anticipated
and/or a desired response of the one or more camera
channels. For example, the image processing and color
processing logic may be configured to optimize, accelerate
and/or reduce the complexity by “matching” the optics,
sensor, and image processing when discretely applied to
each channel separately. Any final sequencing of a full or
partial color image may, in turn, be simplified and quality
greatly improved via the elimination of Bayer pattern inter-
polation.

[0059] It should be noted that any of the digital camera
channels (for example RGB capable or other color filter
combinations) may be combined with one or more full color,
dual color, single color or B/W camera channels. The
combination of camera channels may be used to provide
increased wavelength range capability, different simulta-
neous fields of view, different simultaneous integrations
times, active and passive imaging capability, higher resolu-
tion using multiple camera channels and parallax correction,
3D imaging (feature extraction) using multiple camera chan-
nels and increased parallax, and increased color band capa-
bility.

[0060] Insomeembodiments, different color camera chan-
nels share components, for example, data processing com-
ponents. In this regard, in one embodiment, one camera
channel may employ a sensor array that acquires data which
is representative of a first color image (for example, blue) as
well as a second color image (green). Other camera channels
may employ sensor arrays that are dedicated to a particular/
predetermined wavelength or band of wavelengths (for
example, red or green) or such camera channels may employ
sensor arrays that acquires data which is representative of
two or more predetermined wavelengths or bands of wave-
lengths (for example, (i) red and green or (ii) cyan and
green). The camera channels, in combination, may provide
full color capabilities.

[0061] For example, in one embodiment, a first sensor
array may acquire data which is representative of first and
second predetermined wavelengths or band of wavelengths
(for example, wavelengths that are associated with red and
blue) and a second sensor array may acquire data which is
representative of third predetermined wavelength or band of
wavelengths (for example, wavelengths that are associated
with green). In this embodiment, the camera channels, in
combination, may provide a full color image using only two
Sensor array.

[0062] Notably, in the exemplary embodiment discussed
above, it may be advantageous to employ a third sensor
array to acquire IR. In this way, a “true” YCrCb output
camera may be provided while minimizing and/or eliminat-
ing the cost complexity and/or power considerations neces-
sary to perform the transformation in the digital image
domain.
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[0063] Where a sensor array acquires two or more prede-
termined wavelengths or bands of wavelengths, the pixels of
the sensor array may be designed to collect photons at two
or more depths or areas within the pixels of the semicon-
ductor arrays which are associated with the two or more
predetermined wavelengths or bands of wavelengths. In this
regard, the color “selection” for such a sensor array may be
based on color band separation and/or pixel design to color
separate by optical absorption depth.

[0064] Moreover, the two color capability in one or more
camera channel may be accomplished or provided using
color filter arrays that are disposed before the sensor array
(for example, in the optical assembly). Notably, additional
color band separation can be provided in the optical assem-
bly layer if desired.

[0065] It may be advantageous to employ programmable
(in situ or otherwise) or fixed integration techniques for one
or more (or all) of the camera channels in conjunction with
a sensor array that acquires two or more predetermined or
adaptively determined wavelengths or bands of wave-
lengths. In this regard, integration time(s) of one or more
camera channels may be configured, designed and/or tai-
lored to facilitate capture of, for example, multiple prede-
termined wavelengths or bands of wavelengths in order to
enhance, optimize and or provide an enhanced, designed,
desired adaptively determined and/or predetermined acqui-
sition technique. Notably, any of the embodiments discussed
herein in relation to integration times of the camera channels
may be incorporated with a sensor array that acquires two or
more predetermined wavelengths or bands of wavelength.
For the sake of brevity, those discussions will not be
repeated here.

[0066] The present inventions may be implemented using
three sensor arrays (each acquiring one or more predeter-
mined wavelengths or band of wavelengths for example,
wavelengths that are associated with red, blue and green). In
this embodiment, the three sensor arrays may be arranged in
a triangular configuration (for example, a symmetrical,
non-symmetrical, isosceles, obtuse, acute and/or right tri-
angle) to provide full color (RGB) capability. The triangular
configuration will provide symmetry in parallax and thereby
simplify the algorithm computation to address parallax. The
triangular configuration will also provide enhanced and/or
optimal layout of a three image sensor array system/device
and associated assembly layers for a more compact assem-
bly.

[0067] In the triangular configuration/layout embodiment,
it may be advantageous to employ programmable (in situ or
otherwise) or fixed integration techniques for one or more
(or all) of the camera channels. In this regard, integration
time of one or more camera channels may be configured,
designed and/or tailored to facilitate capture of, for example,
multiple predetermined wavelengths or bands of wave-
lengths in order to enhance, optimize and or provide an
enhanced, desired, designed adaptive determined and/or
predetermined acquisition techniques. Notably, any of the
embodiments discussed above herein in relation to integra-
tion times of the camera channels may be incorporated with
triangular configuration/layout. For the sake of brevity, those
discussions will not be repeated here.

[0068] As mentioned above, the digital camera according
to the present inventions may include two or more camera
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channels. In one embodiment, the digital camera includes a
plurality of sensor arrays (for example, greater than five
sensor arrays) each acquiring a narrow predetermined num-
ber of wavelengths or band of wavelengths (for example,
wavelengths that are associated with four to ten color
bands). In this way, the digital camera may provide multi-
spectral (for example, 4-10 color bands) or hyper-spectral
(for example, 10-100 color bands) simultaneous imaging
capability.

[0069] In another embodiment, the digital camera may
employ black and white (B/W) sensor arrays that acquire
multiple broadband B/W images. The combination of B/W
camera channels may be used to provide increased wave-
length range capability, different simultaneous fields of
view, different simultaneous integrations times, active and
passive imaging capability, higher resolution using multiple
camera channels and parallax correction, 3D imaging (fea-
ture extraction) using multiple camera channels and
increased parallax. Indeed, the multiple B/W camera chan-
nels can be combined with other camera channels for full or
partial color capability. Notably, gray scale sensor arrays
may be employed in conjunction with or in lieu of the B/W
sensor arrays described herein.

[0070] In another embodiment, the digital camera sub-
system includes a display. The display may be disposed in a
display layer and/or integrated in or on the sensor array
substrate.

[0071] In yet another embodiment, the digital camera
subsystem provides one or more interfaces for communi-
cating with the digital camera subsystem.

[0072] In another embodiment, the digital camera sub-
system includes the capability for wired, wireless and/or
optical communication. In some embodiments, the digital
camera subsystem includes one or more circuits, or portions
thereof, for use in such communication. The circuits may be
disposed in a layer dedicated for use in such communication
and/or may be incorporated into one of the other layers (for
example, integrated in or on the sensor array substrate).

[0073] In one aspect of the present invention, a “scene” is
imaged onto multiple sensor arrays. The sensor arrays may
be in close proximity and may be processed on a single
integrated circuit or fabricated individually and assembled
close together. Each sensor array is located in or beneath an
optical assembly. The optical assembly, can be processed of
the sensor subsystem wafer, applied to the image wafer by
a separate wafer transfer, transferred individually by pick
and place method, or attached at die level.

[0074] Where color filters are employed, the color filters
can be built into the optical material, disposed as a layer or
coating on the associated sensor array, applied as a lens
coating or as a separate color filter in the optical assembly.
Color separation mechanisms can also be provided on each
imaging area by means of color filters or by an in-pixel color
separation mechanism if desired. Other optical features can
be added to the optical system of each sensor array to
provide additional imaging capability.

[0075] In some embodiments, the design and electrical
operation of each sensor array is optimized for sensing the
incident wavelengths of light to that sensor array. The use of
multiple optical assemblies with individually optimized sen-
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sor arrays results is a compact camera capable of high
resolution, high sensitivity and excellent color rendition.

[0076] In one aspect, the present invention is a digital
camera comprising a plurality of arrays of photo detectors,
including a first array of photo detectors to sample an
intensity of light of, for example, light of a first wavelength
(which may be associated with a first color) and a second
array of photo detectors to sample an intensity of light of, for
example, light of a second wavelength (which may be
associated with a second color). The digital camera may
include signal processing circuitry, coupled to the first and
second arrays of photo detectors, to generate a composite
image using (i) data which is representative of the intensity
of light sampled by the first array of photo detectors, and (ii)
data which is representative of the intensity of light sampled
by the second array of photo detectors. In this aspect of the
present invention, the first array of photo detectors, the
second array of photo detectors, and the signal processing
circuitry are integrated on or in the same semiconductor
substrate.

[0077] The digital camera may further include a third
array of photo detectors to sample the intensity of light of a
third wavelength(which may be associated with a third
color). In this embodiment, the signal processing circuitry is
coupled to the third array of photo detectors and generates
a composite image using (i) data which is representative of
the intensity of light sampled by the first array of photo
detectors, (ii) data which is representative of the intensity of
light sampled by the second array of photo detectors, and (ii)
data which is representative of the intensity of light sampled
by the third array of photo detectors. The first, second and
third arrays of photo detectors may be relatively arranged in
a triangular configuration (for example, an isosceles, obtuse,
acute or a right triangular configuration).

[0078] In certain embodiments, the first array of photo
detectors may sample the intensity of light of the first
wavelength for a first integration time; the second array of
photo detectors sample the intensity of light of the second
wavelength for a second integration time. Where the digital
camera includes a third array of photo detectors, the third
array of photo detectors sample the intensity of light of the
third wavelength for the first integration time, the second
integration time, or a third integration time.

[0079] The digital camera may include a first array
wherein each photo detector of the first array includes a
semiconductor portion at which the intensity of light is
sampled. Further, each photo detector of the second array
includes a semiconductor portion at which the intensity of
light is sampled. In certain embodiments, the semiconductor
portion of each photo detector of the first array is located at
a different depth, relative to a surface of each of the photo
detectors, from than semiconductor portion of each photo
detector of the second array.

[0080] The digital camera may further include a first lens
disposed in and associated with an optical path of the first
array of photo detectors as well as a second lens disposed in
and associated with an optical path of the second array of
photo detectors. A substantially uniform color filter sheet
may be disposed in the optical path of the first array of
detectors. Further, a first colored lens disposed in and
associated with an optical path of the first array of detectors.

[0081] Notably, the digital camera may further including a
first lens (passes light of a first wavelength and filters light
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of a second wavelength) disposed in and associated with an
optical path of the first array of photo detectors, wherein the
first array of photo detectors sample an intensity of light of
a first wavelength and the second array of photo detectors
sample an intensity of light of a second wavelength.

[0082] The digital camera may include a first array of
photo detectors that samples an intensity of light of a first
wavelength and an intensity of light of a second wavelength
and a second array of photo detectors sample an intensity of
light of a third wavelength, wherein the first wavelength is
associated with a first color, the second wavelength is
associated with a second color and the third wavelength is
associated with a third color. Each photo detector of the first
array may include a first semiconductor portion at which the
intensity of light of the first wavelength is sampled and a
second semiconductor portion at which the intensity of light
of the second wavelength is sampled; and each photo
detector of the second array may include a semiconductor
portion at which the intensity of light of the third wavelength
is sampled; and wherein the first and second semiconductor
portions of each photo detector of the first array are located
at a different depth, relative to each other and to a surface of
each of the photo detectors from the semiconductor portion
of each photo detector of the second array.

[0083] In this embodiment, the digital camera may further
include a first lens disposed in and associated with an optical
path of the first array of photo detectors and a second lens
disposed in and associated with an optical path of the second
array of photo detectors wherein the first lens passes light of
the first and second wavelengths and filters light of the third
wavelength. Indeed, the digital camera may include an
optical filter disposed in and associated with an optical path
of the first array of photo detectors wherein the optical filter
passes light of the first and second wavelengths and filters
light of the third wavelength. Moreover, the first array of
detectors may sample the intensity of light of the first
wavelength for a first integration time and the intensity of
light of the second wavelength for a second integration time;
and the second array of photo detectors may sample the
intensity of light of the third wavelength for a third integra-
tion time.

[0084] The signal processing circuitry of the digital cam-
era may generate a first image using data which is repre-
sentative of the intensity of light sampled by the first array
of photo detectors, and a second image using data which is
representative of the intensity of light sampled by the second
array of photo detectors. Thereafter, the signal processing
circuitry may generate the composite image using the first
image and the second image.

[0085] The digital camera may further include a memory
to store (i) data which is representative of the intensity of
light sampled by the first array of photo detectors, and (ii)
data which is representative of the intensity of light sampled
by the second array of photo detectors. The memory, the first
array of photo detectors, the second array of photo detectors,
and the signal processing circuitry may be integrated on or
in the same semiconductor substrate.

[0086] Further, timing and control logic may be included
to provide timing and control information to the signal
processing circuitry, the first array of photo detectors and/or
the second array of photo detectors. In addition, communi-
cation circuitry (wireless, wired and/or optical communica-
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tion circuitry) to output data which is representative of the
composite image. The communication circuitry, memory,
the first array of photo detectors, the second array of photo
detectors, and the signal processing circuitry may be inte-
grated on or in the same semiconductor substrate.

[0087] In any of the embodiments above, the first array of
photo detectors may include a first surface area and the
second array of photo detectors includes a second surface
arca wherein the first surface area is different from the
second surface area. Moreover, the photo detectors of the
first array may include a first active surface area and the
photo detectors of the second array may include a second
active surface area wherein the first active surface area is
different from the second active surface area.

[0088] In addition, in any of the embodiments, the first
array of photo detectors may include a first surface area and
the second array of photo detectors includes a second
surface area wherein the first surface area is substantially the
same as the second surface area. The photo detectors of the
first array may include a first active surface area and the
photo detectors of the second array may include a second
active surface area wherein the first active surface area is
different from the second active surface area.

[0089] A digital camera comprising a plurality of arrays of
photo detectors, including a first array of photo detectors to
sample an intensity of light of a first wavelength (which may
be associated with a first color) and a second array of photo
detectors to sample an intensity of light of a second wave-
length (which may be is associated with a second color). The
digital camera further may also include a first lens (which
may pass light of the first wavelength onto an image plane
of the photo detectors of the first array and may filter/
attenuate light of the second wavelength) disposed in an
optical path of the first array of photo detectors, wherein the
first lens includes a predetermined optical response to the
light of the first wavelength, and a second lens (which may
pass light of the second wavelength onto an image plane of
the photo detectors of the second array and may filter/
attenuate light of the first wavelength) disposed in with an
optical path of the second array of photo detectors wherein
the second lens includes a predetermined optical response to
the light of the second wavelength. In addition, the digital
camera may include signal processing circuitry, coupled to
the first and second arrays of photo detectors, to generate a
composite image using (i) data which is representative of the
intensity of light sampled by the first array of photo detec-
tors, and (ii) data which is representative of the intensity of
light sampled by the second array of photo detectors;
wherein the first array of photo detectors, the second array
of photo detectors, and the signal processing circuitry are
integrated on or in the same semiconductor substrate.

[0090] The digital camera may further include a third
array of photo detectors to sample the intensity of light of a
third wavelength (which may be is associated with a third
color) and a third lens disposed in with an optical path of the
third array of photo detectors wherein the third lens includes
a predetermined optical response to the light of the third
wavelength. As such, the signal processing circuitry is
coupled to the third array of photo detectors and generates
a composite image using (i) data which is representative of
the intensity of light sampled by the first array of photo
detectors, (ii) data which is representative of the intensity of
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light sampled by the second array of photo detectors, and (if)
data which is representative of the intensity of light sampled
by the third array of photo detectors. The first, second and
third arrays of photo detectors may be relatively arranged in
a triangular configuration (for example, an isosceles, obtuse,
acute or a right triangular configuration).

[0091] In one embodiment, the first lens filters light of the
second and third wavelengths, the second lens filters light of
the first and third wavelengths, and the third lens filters light
of the first and second wavelengths.

[0092] In one embodiment, the first array of photo detec-
tors sample the intensity of light of the first wavelength for
a first integration time and the second array of photo
detectors sample the intensity of light of the second wave-
length for a second integration time. Where the digital
camera includes a third array, the third array of photo
detectors may sample the intensity of light of the third
wavelength for a third integration time.

[0093] The digital camera may further include a housing,
wherein the first and second lenses, first and second arrays
of photo detectors, and the signal processing circuitry are
attached to the housing, and wherein the first and second
lenses are independently positionable relative to the associ-
ated array of photo detectors.

[0094] In some embodiments, the first array of photo
detectors sample an intensity of light of the first wavelength
(which is associated with a first color) and an intensity of
light of a third wavelength (which is associated with a third
color) and the second array of photo detectors sample an
intensity of light of a second wavelength (which is associ-
ated with a second color). Here, each photo detector of the
first array may include a first semiconductor portion at
which the intensity of light of the first wavelength is sampled
and a second semiconductor portion at which the intensity of
light of the third wavelength is sampled. Further, each photo
detector of the second array may include a semiconductor
portion at which the intensity of light of the second wave-
length is sampled. In this embodiment, the first and second
semiconductor portions of each photo detector of the first
array are located at a different depth, relative to each other
and to a surface of each of the photo detectors from the
semiconductor portion of each photo detector of the second
array.

[0095] Further, in one or more of these embodiments, the
first lens may pass light of the first and third wavelengths
and filters light of a second wavelength. In addition to, or in
lieu thereof, an optical filter disposed in and associated with
an optical path of the first array of photo detectors wherein
the optical filter passes light of the first and third wave-
lengths and filters light of the second wavelength.

[0096] Morecover, the first array of photo detectors may
sample the intensity of light of the first wavelength for a first
integration time and the intensity of light of the third
wavelength for a third integration time. The second array of
photo detectors sample the intensity of light of the third
wavelength for a second integration time.

[0097] The signal processing circuitry of the digital cam-
era may generate a first image using data which is repre-
sentative of the intensity of light sampled by the first array
of photo detectors, and a second image using data which is
representative of the intensity of light sampled by the second
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array of photo detectors. Thereafter, the signal processing
circuitry may generate the composite image using the first
image and the second image.

[0098] The digital camera may further include a memory
to store (i) data which is representative of the intensity of
light sampled by the first array of photo detectors, and (ii)
data which is representative of the intensity of light sampled
by the second array of photo detectors. The memory, the first
array of photo detectors, the second array of photo detectors,
and the signal processing circuitry may be integrated on or
in the same semiconductor substrate.

[0099] Further, timing and control logic may be included
to provide timing and control information to the signal
processing circuitry, the first array of photo detectors and/or
the second array of photo detectors. In addition, communi-
cation circuitry (wireless, wired and/or optical communica-
tion circuitry) to output data which is representative of the
composite image. The communication circuitry, memory,
the first array of photo detectors, the second array of photo
detectors, and the signal processing circuitry may be inte-
grated on or in the same semiconductor substrate.

[0100] The signal processing circuitry may include first
signal processing circuitry and second signal processing
circuitry wherein the first signal processing circuitry is
coupled to and associated with the first array of photo
detectors and second signal processing circuitry is coupled
to and associated with the second array of photo detectors.
In addition, the signal processing circuitry includes first
analog signal logic and second analog signal logic wherein
the first analog signal logic is coupled to and associated with
the first array of photo detectors and second analog signal
logic is coupled to and associated with the second array of
photo detectors. Moreover, the signal processing circuitry
may include first black level logic and second black level
logic wherein the first black level logic is coupled to and
associated with the first array of photo detectors and second
black level logic is coupled to and associated with the
second array of photo detectors. Notably, the signal process-
ing circuitry includes first exposure control circuitry and
second exposure control circuitry wherein the first exposure
control circuitry is coupled to and associated with the first
array of photo detectors and second exposure control cir-
cuitry is coupled to and associated with the second array of
photo detectors.

[0101] The digital camera may include a frame, wherein
the first and second arrays of photo detectors, the signal
processing circuitry, and the first and second lenses are fixed
to the frame.

[0102] In any of the embodiments above, the first array of
photo detectors may include a first surface area and the
second array of photo detectors includes a second surface
area wherein the first surface area is different from the
second surface area. Moreover, the photo detectors of the
first array may include a first active surface area and the
photo detectors of the second array may include a second
active surface area wherein the first active surface area is
different from the second active surface area.

[0103] In addition, in any of the embodiments, the first
array of photo detectors may include a first surface area and
the second array of photo detectors includes a second
surface area wherein the first surface area is substantially the
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same as the second surface area. The photo detectors of the
first array may include a first active surface area and the
photo detectors of the second array may include a second
active surface area wherein the first active surface area is
different from the second active surface area.

[0104] Again, there are many inventions described and
illustrated herein. This Summary of the Invention is not
exhaustive of the scope of the present inventions. Moreover,
this Summary of the Invention is not intended to be limiting
of the invention and should not be interpreted in that manner.
Thus, while certain embodiments have been described and/
or outlined in this Summary of the Invention, it should be
understood that the present invention is not limited to such
embodiments, description and/or outline. Indeed, many oth-
ers embodiments, which may be different from and/or simi-
lar to, the embodiments presented in this Summary, will be
apparent from the description, illustrations and/or claims,
which follow.

[0105] In addition, although various features, attributes
and advantages have been described in this Summary of the
Invention and/or are apparent in light thereof, it should be
understood that such features, attributes and advantages are
not required whether in one, some or all of the embodiments
of the present inventions, and indeed, except where stated
otherwise, need not be present in any of the aspects and/or
embodiments of the present invention.

[0106] Various objects, features and/or advantages of one
or more aspects and/or embodiments of the present inven-
tion will become more apparent from the following detailed
description and the accompanying drawings in which like
numerals represent like components. It should be understood
however, that any such objects, features, and/or advantages
are not required, and indeed, except where stated otherwise,
need not be present in any of the aspects and/or embodi-
ments of the present invention.

[0107] It should be understood that the various aspects and
embodiments of the present invention that do not appear in
the claims that follow are preserved for presentation in one
or more divisional/continuation patent applications.

BRIEF DESCRIPTION OF DRAWINGS

[0108] In the course of the detailed description to follow,
reference will be made to the attached drawings. These
drawings show different aspects and embodiments of the
present invention and, where appropriate, reference numer-
als illustrating like structures, components, materials and/or
elements in different figures are labeled similarly. It is
understood that various combinations of the structures,
components, materials and/or elements, other than those
specifically shown, are contemplated and are within the
scope of the present invention.

[0109] FIG. 1A illustrates a prior art digital camera, and
its primary components;

[0110] FIGS. 1B-1D are schematic illustrations of the
prior art image capturing elements of the prior art digital
camera of FIG. 1A;

[0111] FIG. 1E shows the operation of the lens assembly
of the prior art camera of FIG. 1A, in a retracted mode;

[0112] FIG. 1F shows the operation of the lens assembly
of the prior art camera of FIG. 1A, in an optical zoom mode;
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[0113] FIG. 2 illustrates a digital camera, and its primary
components, including a digital camera subsystem (DCS) in
accordance with one embodiment of aspects of the inven-
tion;

[0114] FIGS. 3A-3B arc schematics of a digital camera
subsystem (DCS);

[0115] FIG. 4 illustrates a digital camera subsystem hav-
ing a three array/lens configuration.

[0116] FIGS. 5A-5C is a schematic of image capture
using the digital camera subsystem (DCS) of FIGS. 2-3;

[0117] FIG. 6A is an alternative digital camera subsystem
(DCS) having four arrays;

[0118] FIG. 6B is a flow chart for the alternative digital
camera subsystem (DCS) of FIG. 6A;

[0119] FIGS. 7A-7C are a schematic of a four-lens system
used in the DCS of FIG. 3;

[0120] FIG. 8 is a schematic representation of a digital
camera apparatus in accordance with another embodiment of
aspects of the present invention;

[0121] FIG. 9A is a schematic exploded representation of
an optics portion that may be employed in a digital camera
apparatus in accordance with one embodiment of the present
invention;

[0122] FIGS. 9B-9D are schematic exploded representa-
tions of optics portions that may be employed in a digital
camera apparatus in accordance with further embodiments
of the present invention;

[0123] FIGS. 10A-10H are schematic representations of
optics portions that may be employed in a digital camera
apparatus in accordance with further embodiments of the
present invention;

[0124] FIGS. 11A-11B are schematic and side elevational
views, respectively, of a lens used in an optics portion
adapted to transmit red light or a red band of light, e.g., for
a red camera channel, in accordance with another embodi-
ment of the present invention;

[0125] FIGS. 12A-12B are schematic and side elevational
views, respectively, of a lens used in an optics portion
adapted to transmit green light or a green band of light, e.g.,
for a green camera channel, in accordance with another
embodiment of the present invention;

[0126] FIGS. 13A-13B are schematic and side elevational
views, respectively, of a lens used in an optics portion
adapted to transmit blue light or a blue band of light, e.g., for
a blue camera channel, in accordance with another embodi-
ment of the present invention;

[0127] FIG. 14 is a schematic view of a lens used in an
optics portion adapted to transmit red light or a red band of
light, e.g., for a red camera channel, in accordance with
another embodiment of the present invention;

[0128] FIGS. 15A-15F are schematic representations of
lenses that may be employed in a digital camera apparatus
in accordance with further embodiments of the present
invention;

[0129] FIG. 16A is a schematic representation of a sensor
array and circuits connected thereto, which may be
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employed in a digital camera apparatus in accordance with
one embodiment of the present invention;

[0130] FIG. 16B is a schematic representation of a pixel
of the sensor array of FIG. 16A;

[0131] FIG. 16C is a schematic representation of circuit
that may be employed in the pixel of FIG. 16B, in accor-
dance with one embodiment of the present invention;

[0132] FIG. 17A is a schematic representation of a portion
of a sensor array in accordance with another embodiment of
the present invention;

[0133] FIGS. 17B-17K are schematic cross sectional
views of various embodiments of one or more pixels in
accordance with further embodiments of the present inven-
tion; such pixel embodiments may be implemented in any of
the embodiments described and/or illustrated herein;

[0134] FIG. 17F are explanatory representations of sensor
arrays in accordance with further embodiments of the
present invention;

[0135] FIGS. 18A-18B depict an image being captured by
a portion of a sensor array, in accordance with one embodi-
ment of the present invention;

[0136] FIGS. 19A-19B depict an image being captured by
a portion of a sensor array in accordance with another
embodiment of the present invention;

[0137] FIGS. 20A-20B are schematic representations of a
relative positioning provided for an optics portion and a
respective sensor array in accordance with further embodi-
ments of the present invention;

[0138] FIG. 21 is a schematic representation of a relative
positioning that may be provided for four optics portions and
four sensor arrays, in accordance with one embodiment of
the present invention;

[0139] FIGS. 22A-22B are a schematic plan view and a
schematic cross sectional view, respectively, of an image
device in accordance with one embodiment of the present
invention;

[0140] FIGS. 23A-23B are a schematic plan view and a
schematic cross sectional view, respectively, of an image
device in accordance with another embodiment of the
present invention;

[0141] FIGS. 24A-24B are a schematic plan view and a
schematic cross sectional view, respectively, of an image
device in accordance with another embodiment of the
present invention;

[0142] FIGS. 25A-25B are a schematic plan view and a
schematic cross sectional view, respectively, of an image
device in accordance with another embodiment of the
present invention;

[0143] FIGS. 26A-26B are a schematic plan view and a
schematic cross sectional view, respectively, of an image
device in accordance with another embodiment of the
present invention;

[0144] FIGS. 27A-27B are a schematic plan view and a
schematic cross sectional view, respectively, of an image
device in accordance with another embodiment of the
present invention;
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[0145] FIG. 28A is a schematic perspective view of a
support and optics portions that may be seated therein, in
accordance with one embodiment of the present invention;

[0146] FIG. 28B is an enlarged schematic plan view of the
support of FIG. 28A;

[0147] FIG. 28C is an enlarged schematic cross sectional
view of the support of FIG. 28A, taken along the direction
A-A of FIG. 28B;

[0148] FIG. 28D is an enlarged exploded schematic cross
sectional view of a portion of the support of FIG. 28A, taken
along the direction A-A of FIG. 28B; and a lens that may be
seated therein;

[0149] FIG. 29A is a schematic cross sectional view of a
support and optics portions seated therein, in accordance
with another embodiment of the present invention;

[0150] FIG. 29B is a schematic cross sectional view of a
support and optics portions seated therein, in accordance
with another embodiment of the present invention;

[0151] FIG. 30A is a schematic perspective view of a
support and optics portions that may be seated therein, in
accordance with another embodiment of the present inven-
tion;

[0152] FIG. 30B is a schematic plan view of the support
of FIG. 30A;

[0153] FIG. 30C is a schematic cross sectional view of the
support of FIG. 30A, taken along the direction A-A of FIG.
30B;

[0154] FIG. 30D is a schematic cross sectional view of the
support of FIG. 30A, taken along the direction A-A of FIG.
30B; and a lens that may be seated therein;

[0155] FIG. 31A is a schematic perspective view of a
support and optics portions that may be seated therein, in
accordance with another embodiment of the present inven-
tion;

[0156] FIG. 31B is a schematic plan view of the support
of FIG. 31A;

[0157] FIG. 31C is a schematic cross sectional view of the
support of FIG. 31A, taken along the direction A-A of FIG.
31B;

[0158] FIG. 31D is a schematic cross sectional view of the
support of FIG. 31A, taken along the direction A-A of FIG.
31B; and a lens that may be seated therein;

[0159] FIG. 32 is a schematic cross-sectional view of a
digital camera apparatus and a printed circuit board on
which the digital camera apparatus may be mounted; in
accordance with one embodiment of the present invention;

[0160] FIGS.33A-33F shows one embodiment for assem-
bling and mounting the digital camera apparatus of FIG. 32;

[0161] FIG. 33G is a schematic perspective view of a
digital camera apparatus in accordance with another
embodiment of the present invention;

[0162] FIGS. 33H-33K are schematic elevational views
of mounting and electrical connector configurations that
may be employed in association with a digital camera
apparatus in accordance with further embodiments of the
present invention;
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[0163] FIG. 34 is a schematic cross section view of a
support that may be employed to support the optics portions
of FIGS. 11A-11B, 13A-13B, at least in part, in accordance
with another embodiment of the present invention.

[0164] FIGS. 35A-35C show one embodiment for assem-
bling three lenslets of an optics portion in the support.

[0165] FIG. 36 is a schematic cross-sectional view of a
digital camera apparatus that includes the support of FIG. 34
and the optics portions of FIGS. 11A-11B, 13A-13B, and a
printed circuit board on which the digital camera apparatus
may be mounted; in accordance with one embodiment of the
present invention;

[0166] FIG. 37 is a schematic cross sectional view of
another support that may be employed to support the optics
portions of FIGS. 11A-11B, 13A-13B, at least in part, in
accordance with another embodiment of the present inven-
tion;

[0167] FIG. 38 is a schematic cross sectional view of
another support that may be employed to support the optics
portions of FIGS. 11A-11B, 13A-13B, at least in part, in
accordance with another embodiment of the present inven-
tion;

[0168] FIG. 39 is a schematic cross-sectional view of a
digital camera apparatus that includes the support of FIG. 37
and the optics portions of FIGS. 11A-11B, 13A-13B, and a
printed circuit board on which the digital camera apparatus
may be mounted; in accordance with one embodiment of the
present invention;

[0169] FIG. 40 is a schematic cross-sectional view of a
digital camera apparatus that includes the support of FIG. 38
and the optics portions of FIGS. 11A-11B, 13A-13B, and a
printed circuit board on which the digital camera apparatus
may be mounted; in accordance with one embodiment of the
present invention;

[0170] FIGS. 41A-41D, are schematic cross sectional
views of seating configurations that may be employed in a
digital camera apparatus to support the lenses of FIGS.
15A-15D, respectively, at least in part, in accordance with
further embodiments of the present invention;

[0171] FIGS. 42-44 are schematic cross sectional views of
supports that employ the seating configurations of FIGS.
41B-41D, respectively, and may be employed to support the
lenses shown in FIGS. 15B-15D, respectively, at least in
part, in accordance with further embodiments of the present
invention;

[0172] FIG. 45 is a schematic cross-sectional view of a
digital camera apparatus that includes the support of FIG. 42
and a printed circuit board on which the digital camera
apparatus may be mounted; in accordance with one embodi-
ment of the present invention;

[0173] FIG. 46 is a schematic cross-sectional view of a
digital camera apparatus that includes the support of FIG. 43
and a printed circuit board on which the digital camera
apparatus may be mounted; in accordance with one embodi-
ment of the present invention;

[0174] FIG. 47 is a schematic cross-sectional view of a
digital camera apparatus that includes the support of FIG. 44
and a printed circuit board on which the digital camera
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apparatus may be mounted; in accordance with one embodi-
ment of the present invention;

[0175] FIG. 48 is a schematic representation of a digital
camera apparatus in accordance with another embodiment of
the present invention;

[0176] FIG. 49 is a schematic cross-sectional view of a
digital camera apparatus and a printed circuit board of a
digital camera on which the digital camera apparatus may be
mounted, in accordance with another embodiment of the
present invention.

[0177] FIGS.50A-50F shows one embodiment for assem-
bling and mounting the digital camera apparatus of FIG. 49.

[0178] FIG. 51 is a schematic representation of a digital
camera apparatus that includes a spacer in accordance with
another embodiment of the present invention.

[0179] FIG. 52 is a schematic representation of a digital
camera apparatus that includes a spacer, in accordance with
another embodiment of the present invention.

[0180] FIG. 53 is a schematic cross-sectional view of a
digital camera apparatus and a printed circuit board of a
digital camera on which the digital camera apparatus may be
mounted, in accordance with another embodiment of the
present invention.

[0181] FIGS. 54A-54F shows one such embodiment for
assembling and mounting the digital camera apparatus of
FIG. 53.

[0182] FIG. 55 is a schematic representation of a digital
camera apparatus that includes a second device and a spacer,
in accordance with another embodiment of the present
invention;

[0183] FIG. 56 is a schematic cross-sectional view of a
digital camera apparatus and a printed circuit board of a
digital camera on which the digital camera apparatus may be
mounted, in accordance with another embodiment of the
present invention.

[0184] FIGS. 57A-57F shows one such embodiment for
assembling and mounting the digital camera apparatus of
FIG. 56;

[0185] FIGS. 58-62 are schematic cross-sectional views
of digital camera apparatus and printed circuit boards of
digital cameras on which the digital camera apparatus may
be mounted, in accordance with further embodiments of the
present invention;

[0186] FIGS. 63-67 are schematic cross-sectional views
of digital camera apparatus and printed circuit boards of
digital cameras on which the digital camera apparatus may
be mounted, in accordance with further embodiments of the
present invention.

[0187] FIGS. 68-72 are schematic cross-sectional views
of digital camera apparatus and printed circuit boards of
digital cameras on which the digital camera apparatus may
be mounted, in accordance with further embodiments of the
present invention;

[0188] FIGS. 73A-73B are schematic elevational and
cross sectional views, respectively, of a support in accor-
dance with another embodiment of the present invention;
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[0189] FIG. 74 is a schematic cross sectional view of a
support in accordance with another embodiment of the
present invention;

[0190] FIG. 75 is a schematic plan view of a support in
accordance with another embodiment of the present inven-
tion;

[0191] FIG. 76A is a schematic view of a digital camera
apparatus that includes one or more output devices in
accordance with another embodiment of the present inven-
tion;

[0192] FIGS. 76B-76C are schematic front and rear eleva-
tional views respectively, of a display device that may be
employed in the digital camera apparatus of FIG. 76A, in
accordance with one embodiment of the present invention;

[0193] FIGS. 76D-76E are schematic views of digital
camera apparatus that include one or more output devices in
accordance with further embodiments of the present inven-
tion;

[0194] FIG. 77A is a schematic view of a digital camera
apparatus that includes one or more input devices in accor-
dance with another embodiment of the present invention;

[0195] FIGS. 77B-77C are enlarged schematic front and
rear perspective views respectively, of an input device that
may be employed in the digital camera apparatus of FIG.
77A, in accordance with one embodiment of the present
invention;

[0196] FIGS. 77D-77L are schematic views of digital
camera apparatus that include one or more output devices in
accordance with further embodiments of the present inven-
tion;

[0197] FIGS. 77M-77N are schematic plan and cross
sectional views, respectively, of a support in accordance
with another embodiment of the present invention;

[0198] FIG. 78A is a schematic view of a digital camera
apparatus that includes one or more illumination devices in
accordance with another embodiment of the present inven-
tion;

[0199] FIGS. 78B-78C are enlarged schematic front and
rear perspective views respectively, of an illumination
device that may be employed in the digital camera apparatus
of FIG. 78A, in accordance with one embodiment of the
present invention;

[0200] FIGS. 78D-78L are schematic perspective views
of digital camera apparatus that include one or more illu-
mination devices in accordance with further embodiments of
the present invention;

[0201] FIGS. 78M-78N are schematic views of digital
camera apparatus that include one or illumination devices in
accordance with further embodiments of the present inven-
tion;

[0202] FIGS. 79A-79C are schematic perspective views
of digital camera apparatus that include one or more input

devices and one or more output devices, in accordance with
further embodiments of the present invention.

[0203] FIGS. 80A-80F are schematic perspective views
of digital camera apparatus that include one or more input
devices, one or more display devices and one or more
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illumination devices, in accordance with further embodi-
ments of the present invention.

[0204] FIG. 81A is a schematic perspective view a digital
camera apparatus that includes molded plastic packaging in
accordance with one embodiment of the present invention;

[0205] FIGS. 81B-81C are schematic exploded perspec-
tive views of the digital camera apparatus of FIG. 81A;

[0206] FIG. 82 is an enlarged schematic front perspective
view of a digital camera apparatus in accordance with
another embodiment of the present invention;

[0207] FIGS. 83A-83C are schematic front perspective
views of sensor array and processor configurations, in accor-
dance with further embodiments of the present invention;

[0208] FIGS. 83A-83C are schematic front perspective
views of sensor array configurations, in accordance with
further embodiments of the present invention;

[0209] FIGS. 84A-84E are schematic representations of
digital camera apparatus in accordance with further embodi-
ments of the present invention;

[0210] FIGS. 85A-85E are schematic representations of
digital camera apparatus in accordance with further embodi-
ments of the present invention;

[0211] FIGS. 86A-86E are schematic representations of
digital camera apparatus in accordance with further embodi-
ments of the present invention;

[0212] FIGS. 87A-8B are schematic representations of
digital camera apparatus in accordance with further embodi-
ments of the present invention;

[0213] FIGS. 88A-88E are schematic representations of a
digital camera apparatus in accordance with another
embodiment of the present invention;

[0214] FIGS. 88A-88E arc schematic representation of
digital camera apparatus in accordance with further embodi-
ments of the present invention;

[0215] FIGS. 89A-89E are schematic representation of
digital camera apparatus in accordance with further embodi-
ments of the present invention;

[0216] FIGS. 90A, 91A-91B, 92A-92B, 93A-93, 94A-
94B, 95A-95B and 96A-96B are a schematic plan views and
a schematic cross sectional view, respectively, of some
embodiments of the image device;

[0217] FIG. 90A is a schematic plan view of an image
device in accordance with another embodiment of the
present invention;

[0218] FIGS. 90A-90B arc a schematic plan view and a
schematic cross sectional view, respectively, of an image
device in accordance with one embodiment of the present
invention;

[0219] FIGS. 91A-91B are a schematic plan view and a
schematic cross sectional view, respectively, of an image
device in accordance with another embodiment of the
present invention;

[0220] FIGS. 92A-92B are a schematic plan view and a
schematic cross sectional view, respectively, of an image
device in accordance with another embodiment of the
present invention;

Mar. 16, 2006

[0221] FIGS. 93A-93B are a schematic plan view and a
schematic cross sectional view, respectively, of an image
device in accordance with another embodiment of the
present invention;

[0222] FIGS. 94A-94B are a schematic plan view and a
schematic cross sectional view, respectively, of an image
device in accordance with another embodiment of the
present invention;

[0223] FIGS. 95A-95B are a schematic plan view and a
schematic cross sectional view, respectively, of an image
device in accordance with another embodiment of the
present invention;

[0224] FIGS. 96A-96B are a schematic plan view and a
schematic cross sectional view, respectively, of an image
device in accordance with another embodiment of the
present invention;

[0225] FIG. 97A is a schematic plan view of a support and
optics portions that may be seated therein, in accordance
with one embodiment of the present invention;

[0226] FIG.97B is a schematic cross sectional view of the
support of FIG. 97A, taken along the direction A-A of FIG.
97B;

[0227] FIG. 97C is an exploded schematic cross sectional
view of a portion of the support of FIG. 97A and a lens that
may be seated therein;

[0228] FIGS. 99A-99D are schematic representations of
digital camera apparatus in accordance with further embodi-
ments of the present invention;

[0229] FIGS. 100A-100D are schematic representations
of digital camera apparatus in accordance with further
embodiments of the present invention;

[0230] FIG. 101A is schematic front perspective view of
an image device in accordance with another embodiment of
the present invention;

[0231] FIG. 101B is a schematic representation of a
sensor array and circuits connected thereto, which may be
employed in the image device of FIG. 101A, in accordance
with one embodiment of the present invention;

[0232] FIG. 101C is a schematic representation of a pixel
of the sensor array of FIG. 101B;

[0233] FIG. 101D is a schematic representation of a
sensor array and circuits connected thereto, which may be
employed in the image device of FIG. 101A, in accordance
with one embodiment of the present invention;

[0234] FIG. 101E is a schematic representation of a pixel
of the sensor array of FIG. 101D;

[0235] FIG. 101F is a schematic representation of a
sensor array and circuits connected thereto, which may be
employed in the image device of FIG. 101A, in accordance
with one embodiment of the present invention;

[0236] FIG. 101G is a schematic representation of a pixel
of the sensor array of FIG. 101F;

[0237] FIG. 102A is schematic front perspective view of
an image device in accordance with another embodiment of
the present invention;
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[0238] FIG. 102B is a schematic representation of a
sensor array and circuits connected thereto, which may be
employed in the image device of FIG. 102A, in accordance
with one embodiment of the present invention;

[0239] FIG. 102C is a schematic representation of a pixel
of the sensor array of FIG. 102B;

[0240] FIG. 102D is a schematic representation of a
sensor array and circuits connected thereto, which may be
employed in the image device of FIG. 102A, in accordance
with one embodiment of the present invention;

[0241] FIG. 102E is a schematic representation of a pixel
of the sensor array of FIG. 102D,

[0242] FIG. 102F is a schematic representation of a
sensor array and circuits connected thereto, which may be
employed in the image device of FIG. 102A, in accordance
with one embodiment of the present invention;

[0243] FIG. 102G is a schematic representation of a pixel
of the sensor array of FIG. 102F;

[0244] FIGS. 103A-103E are schematic representations
of digital camera apparatus in accordance with further
embodiments of the present invention;

[0245] FIGS. 104A-104E are schematic representations
of digital camera apparatus in accordance with further
embodiments of the present invention;

[0246] FIGS. 105A-105E are schematic representations
of digital camera apparatus in accordance with further
embodiments of the present invention;

[0247] FIGS. 106A-106C are schematic perspective
views of a system having a plurality of digital camera
apparatus, in accordance with another embodiment of the
present invention;

[0248] FIG. 107A is a schematic perspective view of a
system having a plurality of digital camera apparatus, in
accordance with another embodiment of the present inven-
tion;

[0249] FIG. 107B is a schematic elevational view of
image devices that may be employed in the system of FIG.
107A;

[0250] FIGS. 108A-108B are schematic representations
of digital camera apparatus in accordance with further
embodiments of the present invention;

[0251] FIGS. 109A-109E are block diagram representa-
tions showing configurations of digital camera apparatus in
accordance embodiments of the present invention;

[0252] FIG. 110A is a block diagram of a processor in
accordance with one embodiment of the present invention;

[0253] FIG. 110B is a block diagram of a channel pro-
cessor that may be employed in the processor of FIG. 110A,
in accordance with one embodiment of the present inven-
tion;

[0254] FIG. 110C is a block diagram of an image pipeline
that may be employed in the processor of FIG. 110A, in
accordance with one embodiment of the present invention;

[0255] FIG. 110D is a block diagram of a post processor
that may be employed in the processor of FIG. 110A, in
accordance with one embodiment of the present invention;
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[0256] FIG. 110K is a block diagram of a system control
and other portions of a digital camera apparatus, in accor-
dance with one embodiment of the present invention;

[0257] FIG. 110F is representation of an instruction for-
mat according to one embodiment of the present invention;

[0258] FIG. 111A is a block diagram of a channel pro-
cessor in accordance with another embodiment of the
present invention;

[0259] FIG. 111B is a graphical representation of a neigh-
borhood of pixel values.

[0260] FIG. 111C shows a flowchart of operations
employed in one embodiment of a double sampler;

[0261] FIG. 111D shows a flowchart of operations
employed in one embodiment of a defective pixel identifier;

[0262] FIG.111E is a block diagram of an image pipeline
in accordance with another embodiment of the present
invention;

[0263] FIG. 111F is a schematic diagram of an image
plane integrator, in accordance with one embodiment of the
present invention;

[0264] FIG. 111G is an explanatory representation of a
multi-phase clock that may be employed in the image plane
integrator of FIG. 111G;

[0265] FIGS. 111H-111J are explanatory views showing
representations of images generated by three camera chan-
nels, in accordance with one embodiment of the present
invention;

[0266] FIGS. 111K-111Q are explanatory views showing
a representation of a process carried out by the automatic
image alignment portion for the images of FIGS. 111H-
111], in accordance with one embodiment of the present
invention;

[0267] FIG. 111R is a schematic block diagram of an
automatic exposure control, in accordance with one embodi-
ment of the present invention;

[0268] FIG. 1118 is a schematic block diagram of a zoom
controller, in accordance with one embodiment of the
present invention;

[0269] FIGS. 111T-11V are explanatory views of a pro-
cess carried out by the zoom controller of FIG. 1118, in
accordance with one embodiment of the present invention;

[0270] FIG. 111W is a graphical representation showing
an example of the operation of a gamma correction portion,
in accordance with one embodiment of the present invention

[0271] FIG. 111X is a schematic block diagram of a
gamma correction portion employed in accordance with one
embodiment of the present invention;

[0272] FIG. 111Y is a schematic block diagram of a color
correction portion, in accordance with one embodiment of
the present invention;

[0273] FIG.111Z is a schematic block diagram of an edge
enhancer/sharpener, in accordance with one embodiment of
the present invention;
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[0274] FIG. 111AA is a schematic block diagram of a
chroma noise reduction portion in accordance with one
embodiment of the present invention;

[0275] FIG. 111AB is an explanatory view showing a
representation of a process carried out by a white balance
portion, in accordance with one embodiment of the present
invention;

[0276] FIG. 111AC is a schematic block diagram of a
color enhancement portion, in accordance with one embodi-
ment of the present invention;

[0277] FIG. 111AD is a schematic block diagram of a
scaling portion, in accordance with one embodiment of the
present invention;

[0278] FIG. 111AE is an explanatory view, showing a
representation of upscaling, in accordance with one embodi-
ment;

[0279] FIG. 111AF is a flowchart of operations that may
be employed in the alignment portion, in accordance with
another embodiment of the present invention;

[0280] FIG. 112 is a block diagram of a channel processor
in accordance with another embodiment of the present
invention;

[0281] FIG. 113 is a block diagram of a channel processor
in accordance with another embodiment of the present
invention;

[0282] FIG. 114A is a block diagram of an image pipeline
in accordance with another embodiment of the present
invention;

[0283] FIG. 114B is a block diagram of an image pipeline
in accordance with another embodiment of the present
invention,

[0284] FIG. 114C is a schematic block diagram of a
chroma noise reduction portion in accordance with another
embodiment of the present invention

[0285] FIGS. 115A-115L are explanatory views showing
examples of parallax;

[0286] FIG. 115M is an explanatory view showing an
image viewed by a first camera channel superimposed with
an image viewed by a second camera channel if parallax is
eliminated, in accordance with one embodiment of the
present invention;

[0287] FIGS. 115N-115R are explanatory representations
showing examples of decreasing the parallax;

[0288] FIGS.115S-115V and 115X are explanatory views
showing examples of increasing the parallax;

[0289] FIG. 116 shows a flowchart of operations that may
be employed in generating an estimate of a distance to an
object, or portion thereof, according to one embodiment of
the present invention.

[0290] FIG. 117 is a schematic block diagram of a portion
of a range finder, in accordance with one embodiment of the
present invention;

[0291] FIG. 118 is a schematic block diagram of a locator
portion of the range finder, in accordance with one embodi-
ment of the present invention;
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[0292] FIGS. 119A-119C are explanatory representations
showing examples of 3D imaging;

[0293] FIG. 120 is an explanatory representation of
another type of 3D imaging;

[0294] FIGS. 121-122 show a flowchart of operations that
may be employed in 3D imaging, according to another
embodiment of the present invention;

[0295] FIG. 123 is a schematic block diagram of a 3D
effect generator in accordance with one embodiment of the
present invention;

[0296] FIG. 124 is a schematic block diagram of a 3D
effect generator in accordance with one embodiment of the
present invention;

[0297] FIG. 125 shows a flowchart of operations that may
be employed in image discrimination, according to another
embodiment of the present invention;

[0298] FIGS. 126A-126B illustrate a flowchart of opera-
tions that may be employed in image discrimination, accord-
ing to another embodiment of the present invention;

[0299] FIG. 127 is a schematic block diagram represen-
tation of one or more portions of a digital camera apparatus
in accordance with another embodiment of the present
invention;

[0300] FIG. 128 is a schematic block diagram represen-
tation of one or more portions of a digital camera apparatus
in accordance with another embodiment of the present
invention;

[0301] FIG. 129 is a schematic block diagram represen-
tation of one or more portions of a digital camera apparatus
in accordance with another embodiment of the present
invention,

[0302] FIG. 130 is a schematic block diagram represen-
tation of one or more portions of a digital camera apparatus
in accordance with another embodiment of the present
invention;

[0303] FIG. 131 is a schematic block diagram represen-
tation of one or more portions of a digital camera apparatus
in accordance with another embodiment of the present
invention;

[0304] FIG. 132 is a schematic block diagram represen-
tation of one or more portions of a digital camera apparatus
in accordance with another embodiment of the present
invention;

[0305] FIG. 133 is a schematic block diagram represen-
tation of one or more portions of a digital camera apparatus
in accordance with another embodiment of the present
invention;

[0306] FIG. 134 is a schematic block diagram represen-
tation of one or more portions of a digital camera apparatus
in accordance with another embodiment of the present
invention;

[0307] FIG. 135 is a schematic block diagram represen-
tation of one or more portions of a digital camera apparatus
in accordance with another embodiment of the present
invention;
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[0308] FIG. 136 is a schematic block diagram represen-
tation of one or more portions of a digital camera apparatus
in accordance with another embodiment of the present
invention;

[0309] FIG. 137 is a schematic block diagram represen-
tation of one or more portions of a digital camera apparatus
in accordance with another embodiment of the present
invention; and

[0310] FIG. 138 is one or more aspects/techniques/em-
bodiments for implementing spectral optimization of one or
more components of a digital camera apparatus in accor-
dance with further embodiments of the present invention;
one or more of the aspects/techniques/embodiments may be
implemented in any of the embodiments described and/or
illustrated herein.

DETAILED DESCRIPTION

[0311] In FIG. 1A a prior art digital camera 1 generally
includes the primary image capturing elements of an image
sensor 150, a color filter sheet 160 and a series of lenses 170
(in a lens assembly). Additional electronic components
typically include a circuit board 110, a peripheral user
interface electronics 120 (here represented as a shutter
button, but could also include display, settings, controls,
etc), power supply 130, and electronic image storage media
140

[0312] The digital camera 1 further includes a housing
(including housing portions 173, 174, 175, 176, 177 and
178) and a shutter assembly (not shown), which controls an
aperture 180 and passage of light into the digital camera 1.
A mechanical frame 181 is used to hold the various parts of
the lens assembly together. The lens assembly includes the
lenses 170 and one or more electromechanical devices 182
to move the lenses 170 along an axis 183. The mechanical
frame 181 and the one or more electromechanical devices
182 may be made up of numerous components and/or
complex assemblies.

[0313] The color filter sheet 160 has an array of color
filters arranged in a Bayer pattern. A Bayer pattern histori-
cally uses filters of red, green, blue and typically a second
green (e.g., a 2x2 matrix of colors with alternating red and
green in one row and alternating green and blue in the other
row, although other colors may be used) although patterns
may vary depending on the need of the customer. The Bayer
pattern is repeated throughout the color filter array 112 as
illustrated in FIGS. 1A-1D. This pattern is repeated over the
entire array as illustrated.

[0314] The image sensor 150 contains a plurality of iden-
tical photo detectors (sometimes referred to as “picture
elements” or “pixels”) arranged in a matrix. The number of
photo detectors is usually in the range of hundreds of
thousands to millions. The lens assembly spans the diagonal
of the array.

[0315] The color filter array 160 is laid over the image
sensor 150 such that each of the color filters in the color filter
sheet 160 is disposed above a respective one of the photo
detectors in the image sensor 150, whereby each photo
detector in the image sensor receives a specific band of
visible light (e.g., red, green or blue).

[0316] FIGS. 1B-1D illustrate the photon capture process
used by the prior art digital camera 1 in creating a color

Mar. 16, 2006

image. The full spectrum of visible light 184 strikes the set
of lenses, which essentially passes along the full spectrum.
The full spectrum then strikes the color filters of the color
filter sheet 160 and each of the individual color filters of the
color filter sheet 160 passes its specific band of spectrum on
to its specific pixel. This process is repeated for every pixel.
Each pixel provides a signal indicative of the color intensity
received thereby. Signal processing circuitry (not shown)
receives alternating color signals from the photo detectors,
processes them in uniform fashion by integrating each set of
four pixels (red/green/blue/green or variation thereof) into a
single full color pixel, and ultimately outputs a color image.

[0317] FIG. 1E shows the operation of the lens assembly
in a retracted mode (sometimes referred to as normal mode
or a near focus setting). The lens assembly is shown focused
on a distant object (represented as a lightning bolt) 186. A
representation of the image sensor 150 is included for
reference purposes. A field of view for the camera 1 is
defined between reference lines 188, 190. The width of the
field of view may be for example, 50 millimeters (mm). To
achieve this field of view 188, 190, the one or more
electromechanical devices 182 have positioned lenses 170
relatively close together. The lens assembly passes the field
of view through the lenses 170 and onto the image sensor
150 as indicated by reference lines 192, 194. An image of the
object (indicated at 196) is presented onto the image sensor
150 in the same ratio as the width of the actual image 186
relative to the actual field of view 188, 190.

[0318] FIG. 1F shows the operation of the lens assembly
110 in an optical zoom mode (sometimes referred to as a far
focus setting). In this mode, the one or more electrome-
chanical devices 182 of the lens assembly re-position the
lens 170 so as to reduce the field of view 188, 190 over the
same image area, thus making the object 186 appear closer
(i.e., larger). One benefit of the lens assembly is that the
resolution with the lens assembly in zoom mode is typically
equal to the resolution with the lens assembly in retracted
mode. One drawback, however, is that the lens assembly can
be costly and complex. Moreover, providing a lens with
zoom capability results in less light sensitivity and thus
increases the F-stop of the lens, thereby making the lens less
effective in low light conditions.

[0319] Some other drawbacks associated with the tradi-
tional digital camera 1 are as follows.

[0320] Traditional digital cameras, employing one large
array on an image sensor, also employ one lens that must
span the entire array. That creates two physical size related
issues: 1) a lens that spans a large array (e.g. 3 Meg pixels)
will be physically larger than a lens that spans a smaller
array (e.g., 1 Meg pixels) in both diameter and thickness;
and 2) a larger lens/array combination will likely have a
longer focal length which will increase the height of the lens.

[0321] Also, since the traditional lens must resolve the
entire spectrum of visible light wavelengths, they are com-
plex, usually with 3-8 separate elements. This also adds to
the optical stack height, complexity and cost.

[0322] Further, since the traditional lens must pass all
bandwidths of color, it must be a clear lens (no color
filtering). The needed color filtering previously described is
accomplished by depositing a sheet of tiny color filters
beneath the lens and on top of the image sensor. For
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example, an image sensor with one million pixels will
require a sheet of one million individual color filters. This
color filter array technique is costly (non-standard integrated
circuit processing), presents a limiting factor in shrinking
the size of the pixels (cross-talk of colors between pixels in
the imaging sensor), plus the color filter array material
attenuates the in-band photon stream passing through it (i.e.,
reduces light sensitivity) since in-band transmission of the
color filter array material is less than 100%.

[0323] Further, since the lens must be moved forward and
backwards with respect to the image sensor, additional time
and power are required. This is an undesirable aspect of
digital cameras as it creates long delays in capture response
time as well as diminished battery capacity.

[0324] One or more of the above drawbacks associated
with traditional digital cameras may be addressed by one or
more embodiments of one or more aspects of the present
invention, although this is not required.

[0325] FIG. 2 shows an example of a digital camera 2, and
components thereof, in accordance with one embodiment of
certain aspects of the present invention. The digital camera
includes a digital camera subsystem 200, a circuit board 110,
a peripheral user interface electronics (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) 120, a power supply 130,
and electronic image storage media 140.

[0326] The digital camera of FIG. 2 may further include
a housing and a shutter assembly (not shown), which con-
trols an aperture 180 and passage of light into the digital
camera 2.

[0327] FIGS. 3A-3B arc partially exploded, schematic
views of one embodiment of the digital camera subsystem
200. In this embodiment, the digital camera subsystem
includes an image sensor 210, a frame 220 (FIGS. 7A-7C)
and lenses 230A-230D. The image sensor 210 generally
includes a semiconductor integrated circuit or “chip” having
several higher order features including multiple arrays
210A-210D and signal processing circuitries 212, 214. Each
of the arrays 210A-210D captures photons and outputs
electronic signals. The signal processing circuitry 212, in
certain embodiments, processes signals for each of the
individual arrays 210. The signal processing circuitry 214
may combine the output from signal processing 212 into
output data (usually in the form of a recombined full color
image). Each array and the related signal processing cir-
cuitry may be preferably tailored to address a specific band
of visible spectrum.

[0328] Each of lenses 230A-230D may be advantageously
tailored for the respective wavelength of the respective
array. Lenses will generally be about the same size as the
underlying array, and will therefore differ from one another
in size and shape depending upon the dimensions of the
underlying array. Of course, there is no requirement that a
given lens cover all, or only, 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, polar-
ization, or other property. Lenses can be rigid or flexible.
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[0329] The frame 220 (FIGS. 7A-7C) is used to mount the
lenses 230A-230D to the image sensor 210.

[0330] In this exemplary embodiment, each lens, array,
and signal processing circuitry constitutes an image gener-
ating subsystem for a band of visible spectrum (e.g., red,
blue, green, etc). These individual images are then combined
with additional signal processing circuitry within the semi-
conductor chip to form a full image for output.

[0331] Those skilled in the art will appreciate that
although the digital camera subsystem 210 is depicted in a
four array/lens configuration, the digital camera subsystem
can be employed in a configuration having any multiple
numbers and shapes of arrays/lenses.

[0332] FIG. 4 depicts a digital camera subsystem having
a three array/lens configuration.

[0333] In FIGS. 5A-5C, the digital camera subsystem
employs the separate arrays, e.g., arrays 210A-210D, on one
image sensor to supplant the prior art approach (which
employs a Bayer pattern (or variations thereof), operations
across the array (a pixel at a time) and integrates each set of
four pixels (for example, red/green/blue/green or variation
thereof) from the array into a single full color pixel). Each
of such arrays focuses on a specific band of visible spectrum.
As such, each array may be tuned so that it is more efficient
in capturing and processing the image in that particular
color. Individual lenses (230 A-D) can be tailored for the
array’s band of spectrum. Each lens only needs to pass that
color (184 A-184D) on to the image sensor. The traditional
color filter sheet is eliminated. Each array 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. Following this process, the individual
images are combined 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.

[0334] FIGS. 6A-6B illustrate some of the many process-
ing operations that can be advantageously used. As stated
above, each array outputs signals to the signal processing
circuitry 212. Within the signal processing circuitry, each
array can be processed separately to tailor the processing to
the respective bands of spectrum. Several functions occur:

[0335] The column logic (212.1 A-D) is the portion of the
signal processing circuitry that reads the signals from the
pixels. For example, the column logic 212.1A reads signals
from the pixels in array 210A. Column logic 212.1B reads
signals from the pixels in array 210B. Column logic 212.1C
reads signals from the pixels in array 210C. Column logic
212.1D reads signals from the pixels in array 210D.

[0336] Since the 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.

[0337] The Analog Signal Logic (ASL) (212.2 A-D) for
each array may be color specific. As such, the ASL processes
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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 in traditional Bayer patterned
designs.

[0338] The black level logic (212.3 A-D) assesses the
level of noise within the signal, and filters it out. With each
array focused upon a narrower band of visible spectrum than
traditional image sensors, the black level logic can be more
finely tuned to eliminate noise.

[0339] The exposure control (212.4 A-D) measures the
overall volume of light being captured by the array and will
adjust the capture time for image quality. Traditional cam-
eras must make this determination on a global basis (for all
colors). Our invention allows for exposure control to occur
for each array and targeted band of wavelengths differently.

[0340] These processed images are then passed to the
second group of signal processing circuitry 214. First, the
image processing logic 214.1 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. The IPL also provides the algo-
rithmic auto focus, zoom, windowing, pixel binning and
camera functions.

[0341] The final two operations are to encode the signal
into standard protocols 214.2 such as MPEG, JPEG, etc.
before passing to a standard output interface 214.3, such as
USB.

[0342] Although the signal processing circuitries 212, 214
are shown at specific areas of the image sensor, the signal
processing circuitries 212, 214 can be placed anywhere on
the chip and subdivided in any fashion. The signal process-
ing circuitries in fact will likely be placed in multiple
locations.

[0343] As previously stated, the image sensor 210 (FIGS.
3A-3B) generally includes a semiconductor chip having
several higher order features including multiple arrays
(210A-210 D), and signal processing circuitry 212, 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.

[0344] The image sensor 210 can be constructed using any
suitable technology, including especially silicon and germa-
nium technologies. The pixels can be formed in any suitable
manner, can be sized and dimensioned as desired, and can be
distributed in any desired pattern. Pixels that are distributed
without any regular pattern could even be used.

[0345] Any range of visible spectrum can be applied to
each array depending on the specific interest of the customer.
Further, an infrared array could also be employed as one of
the array/lens combinations giving low light capabilities to
the sensor.

[0346] As previously described, arrays 210A-D may be of
any size or shape. FIG. 3 shows 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 whereby each
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section is focused upon one band of spectrum, creating the
same effect as separate arrays on the same chip.

[0347] Although the well depth of the photo detectors (for
example, an area or portion of the photo detector that
captures, collects, is responsive to, detects and/or senses for
example, 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—see, for example,
FIGS. 17B-E) across each individual array (designated
210A-D) may be the same, the well depth of any given array
may be different from that of one or more or all of other
arrays of the sensor subsystem. Selection of an appropriate
well depth could depend on many factors, including most
likely 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 designed to
capture that wavelength and ignore others (e.g., blue, green).

[0348] 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.

[0349] In FIGS. 7A-7C, frame 220 is a thin plate bored to
carry the individual lenses (represented by 230A, 230C)
over each array. Lenses may be fixed to the frame in a wide
range of manners: adhesive, press fit, electronic bonding,
etc. The mounting holes may have a small “seat” at the base
to control the depth of the lens position. The depth may be
different for each lens and is a result of the specific focal
length for the particular lens tailored for each array.

[0350] The frames shown in FIGS. 7A-7C are solid
devices that offer a wide range of options for manufacturing,
material, mounting, size, and shape. Of course, other suit-
able frames can be readily designed, all of which fall within
the inventive scope.

[0351] Although the Figures show individual lenses per
array, assembled into a frame, the lenses could be manufac-
tured such that the lenses per image sensor come as one
mold or component. Further, this one-body construction
could also act as the frame for mounting to the image sensor.

[0352] The lens and frame concept can be applied to
traditional image sensors (without the traditional color filter
sheet) to gain physical size, cost and performance advan-
tages.

[0353] As shown in FIGS. 7A-7C, the digital camera
subsystem can have multiple separate arrays on a single
image sensor, each with its own lens (represented by 230A,
230C). The simple geometry of smaller, multiple arrays
allows for a smaller lens (diameter, thickness and focal
length), which allows for reduced stack height in the digital
camera.

[0354] 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 that one
specific band of wavelength. Since each lens would there-
fore not need to pass the entire light spectrum, the number
of elements may be reduced, for example, to one or two.

[0355] Further, due to the focused bandwidth for each
lens, each of the lenses may be dyed during the manufac-
turing process for its respective bandwidth (e.g., red for the
array targeting the red band of visible spectrum). Alterna-
tively, a single color filter may be applied across each lens.
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This process eliminates the traditional color filters (the sheet
of individual pixel filters) thereby reducing cost, improving
signal strength and eliminating the pixel reduction barrier.

[0356] Elimination of the color filter sheet allows for
reductions in the physical size of the pixel for further size
reductions of the overall DCS assembly.

[0357] Although FIGS. 2, 3 A-3B and 5A-5C illustrates a
4 array/lens structure, and FIG. 4 depicts a three array/lens
configuration, any multiple number of arrays/lenses as well
as various combinations thereof is possible.

[0358] The above-described devices can include any suit-
able number of combinations, from as few as 2 arrays/lenses
or in a broader array. Examples include:

[0359] 2 arrays/lenses: red/green and blue
[0360] 2 arrays/lenses: red and blue/green
[0361] 3 arrays/lenses: red, green, blue

[0362] 4 arrays/lenses: red, blue, green, emerald (for color
enhancement)

[0363] 4 arrays/lenses: red, blue, green, infrared (for low
light conditions)

[0364] 8 arrays/lenses: double the above configurations
for additional pixel count and image quality.

[0365] Although FIG. 2 reflects a digital still camera, the
camera is intended to be emblematic of a generic appliance
containing the digital camera subsystem. Thus, FIG. 2
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 of the FIG.
may or may not include the specific components as depicted
in FIG. 2. For example, the circuit board may not be unique
to the camera function but rather the digital camera sub-
system may be an add-on to an existing circuit board, such
as in a cell phone.

[0366] Thus, it should be understood that 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, automo-
tive applications, computers, manufacturing and inspection
devices, toys, plus a wide range of other and continuously
expanding applications.

[0367] As used herein, the following terms are interpreted
as described below, unless the context requires a different
interpretation.

[0368] “Array” means a group of photo detectors, also
know as pixels, which operate in concert to create one
image. The array captures the 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.

[0369] “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
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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 may be created in the future,
such as those that become feasible as a result of this
invention.

[0370] “Digital Camera Subsystem” (DCS) 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 photo-
graphic image. At a minimum, the Digital Camera Sub-
system would include any necessary 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 nec-
essarily included.

[0371] “Electronic media” means that images are cap-
tured, processed and stored electronically as opposed to the
use of film.

[0372] “Frame” or “thin plate” means the component of
the DCS that is used to hold the lenses and mount to the
image Sensor.

[0373] “Image sensor” means the semiconductor device
that includes the photon detectors (“pixels”), processing
circuitry and output channels. The inputs are the photons and
the output is the image data.

[0374] “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.”

[0375] “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.

[0376] The terms “Photo-detector” and “pixels” mean an
electronic device that senses and captures photons and
converts 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 much like film.

[0377] “Semiconductor Chip” means a discrete electronic
device fabricated on a silicon or similar substrate, which is
commonly used in virtually all electronic equipment.

[0378] «Signal Processing Circuitry” means the hardware
and software within the image sensor that translates the
photon input information into electronic signals and ulti-
mately into an image output signal.

[0379] The inventive subject matter can provide numerous
benefits in specific applications. For example, traditional
color filters are limited in their temperature range, which
limits end user manufacturing flexibility. Wave soldering
processes, low cost, mass production soldering processes,
cannot be used due to the color filters’ temperature limita-
tions. At least some embodiments of the inventive subject
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matter do not have that limitation. Indeed, one, some or all
of the embodiments described and illustrated herein need not
employ wave soldering processes or other low cost, mass
production soldering processes.

[0380] In addition, once the imager sensor, frame, and
lenses are assembled, the assembly can be a hermetically
sealed device. The device does not need a “package” and as
such, if desired, can be mounted directly to a circuit board
which saves parts and manufacturing costs.

[0381] Because multiple images are created from separate
locations (albeit a small distance between the arrays on the
same image sensor), parallax is created, which can be
eliminated in the signal processing circuitry or utilized/
enhanced for numerous purposes, including for example, to
measure distance to the object, and to provide a 3-D effect.

[0382] Although each array and the related signal process-
ing circuitry is preferably tailored to address a specific band
of visible spectrum and each lens may be tuned for passage
of that one specific band of wavelength, it should be clear
that there is no requirement that each such array and the
related signal processing circuitry be tailored to address a
specific band of the visible spectrum. Nor is 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 com-
ponents thereof, need not employ wavelength specific fea-
tures. For example, the arrays and/or signal processing
circuitry need not be tailored to address a specific wave-
length or band of wavelengths.

[0383] Notably, in certain embodiments, certain compo-
nents thereof may be tailored to address a specific wave-
length or band of wavelengths while other components of
the embodiment are not tailored to address a specific wave-
length or band of wavelengths. For example, the lenses
and/or arrays may be tailored to address a specific wave-
length or band of wavelengths and the associated signal
processing circuitry is not tailored to address a specific
wavelength or band of wavelengths. Moreover, in other
embodiments, one or more lenses (of the same or different
optical channels) may be tailored to address a specific
wavelength or band of wavelengths and the associated array
and signal processing circuitry is not tailored to address a
specific wavelength or band of wavelengths. All such per-
mutations and combinations are intended to come within the
scope of the present inventions. For the sake of brevity, all
such permutations and combinations are not discussed in
detail herein.

[0384] In addition, although a digital camera subsystem
includes any necessary lenses, image sensor, signal process-
ing circuitry, shutter, flash and any frame to hold the
components as may be required, some digital camera sub-
systems may not have any requirement for one or more of
such. For example, some digital camera systems may not
require a shutter, a flash and/or a frame to hold the compo-
nents. Further, some of the digital camera subsystems may
not require an image sensor that includes each of the
detectors, the processing circuitry and output channels. For
example, in some embodiments, one or more of the detectors
(or portions thereof), one or more portions of the processing
circuitry and/or one or more portions of the output channels
may be included in separate devices and/or disposed in
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separate locations. All such permutations and combinations
are intended to come within the scope of the present inven-
tions. For the sake of brevity, all such permutations and
combinations are not discussed in detail herein.

[0385] FIG. 8 is a schematic exploded perspective view of
a digital camera apparatus 300 in accordance with another
embodiment of the present invention. The digital camera
apparatus 300 includes one or more sensor arrays, e.g., four
sensor arrays 310A-310D, one or more optics portions, €.g.,
four optics portions 330A-330D, and a processor 340. Each
of the one or more optics portions, e.g., optics portions
330A-330D, may include, for example, but is not limited to,
a lens, and may be associated with a respective one of the
one Or more sensor arrays, e.g., sensor arrays 310A-310D. In
some embodiments, a support 320 (see for example, FIGS.
28A-28D), for example, but not limited to, a frame, is
provided to support the one or more optics portions, e.g.,
optics portions 330A-330D, at least in part. Each sensor
array and the respective optics portion may define a camera
channel. For example, a camera channel 350A may be
defined by the optics portion 330A and the sensor array
310A. Camera channel 350B may be defined by the optics
portion 330B and the sensor array 310B. Camera channel
350C may be defined by optics portion 330C and the sensor
array 310C. Camera channel 350D may be defined by optics
portion 330D and a sensor array 310D. The optics portions
of the one or more camera channels are collectively referred
to herein as an optics subsystem. The sensor arrays of the
one or more camera channels are collectively referred to
herein as a sensor subsystem. The two or more sensor arrays
may be integrated in or disposed on a common substrate,
referred to hereinafter 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).

[0386] In that regard, with continued reference to FIG. 8,
the one or more sensor arrays, e.g., sensor arrays 310A-
310D, may or may not be disposed on a common substrate
with one another. For example, in some embodiments two or
more of the sensor arrays are disposed on a common
substrate. In some embodiments, however, one or more of
the sensor arrays is not disposed on the same substrate as one
or more of the other sensor arrays.

[0387] The one or more camera channels may or may not
be identical to one another. For example, in some embodi-
ments, the camera channels are identical to one another. In
other embodiments, one or more of the camera channels are
different, in one or more respects, from one or more of the
other camera channels. In some of the latter embodiments,
each camera channel may be used to detect a different color
(or band of colors) and/or band of light than that detected by
the other camera channels.

[0388] Insome embodiments, one of the camera channels,
e.g., camera channel 350A, detects red light, one of the
camera channels, e.g., camera channel 350B, detects green
light, one of the camera channels, e.g., camera channel
350C, detects blue light. In some of such embodiments, one
of the camera channels, e.g., camera channel 350D, detects
infrared light, cyan light, or emerald light. In some other
embodiments, one of the camera channels, e.g., camera
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channel 350A, detects cyan light, one of the camera chan-
nels, e.g., camera channel 350B, detects yellow light, one of
the camera channels, e.g., camera channel 350C, detects
magenta light and one of the camera channels, e.g., camera
channel 350D, detects clear light (black and white). Any
other wavelength or band of wavelengths (whether visible or
invisible) combinations can also be used.

[0389] The processor 340 is connected to the one or more
sensor arrays, e.g., sensor arrays 310A-310D, via one or
more communication links, e.g., communication links
370A-370D, 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
employ for example circuit switching or packet switching or
combinations thereof. Other examples of communication
links include dedicated point-to-point systems, wired net-
works, and cellular telephone systems. A communication
link may employ any protocol or combination of protocols
including but not limited to the Internet Protocol.

[0390] 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 (a
sequence of binary values, i.e. 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.

[0391] As will be further described hereinafter, the pro-
cessor may include one or more channel processors, each
which is coupled to a respective one (or more) of the camera
channels and generates an image based at least in part on the
signal(s) received from the respective camera channel,
although this is not required. In some embodiments, one or
more of the channel processors are tailored to its respective
camera channel, for example, as described herein. For
example, where one of the camera channels is dedicated to
a specific wavelength or color (or band of wavelengths or
colors), the respective channel processor may be adapted or
tailored to such wavelength or color (or band of wavelengths
or colors). For example, the gain, noise reduction, dynamic
range, linearity and/or any other characteristic of the pro-
cessor, 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 channel processing to the respective camera
channel may facilitate generate 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 camera 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.

[0392] In operation, an optics portion of a camera channel
receives light from within a field of view and transmits one
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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 output signals from the sensor array are
supplied to the processor. In some embodiments, the pro-
cessor generates one or more output signals based, at least
in part, on the one or more signals from the sensor array. For
example, in some embodiments, each of the camera chan-
nels is dedicated to a different color (or band of colors) or
wavelength (or band of wavelengths) than the other camera
channels and the processor generates a separate image for
each of such camera channels. 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 camera
channels. For example, in some embodiments, each of the
camera channels is dedicated to a different color (or band of
colors) or wavelength (or band of wavelengths) than the
other camera channels and the processor combines the
images from the two or more camera channels to provide a
partial or full color image.

[0393] Although the processor 340 is shown separate from
the one or more sensor arrays, e.g., sensor arrays 310A-
310D, the processor 340, or portions thereof, may have any
configuration and may be disposed in one or more locations.
In some embodiments, one, some or all portions of the
processor 340 are integrated in or disposed on the same
substrate or substrates as one or more of the one or more of
the sensor arrays, e.g., sensor arrays 310A-310D. In some
embodiments one, some or all portions of the processor are
disposed on one or more substrates that are separate from
(and possibly remote from) one or more substrates on which
one or more of the one or more sensor arrays, e.g., Sensor
arrays 310A-310D, may be disposed. For example, certain
operations of the processor may be distributed to or per-
formed 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 sub-
strates the one or more of the sensor arrays are integrated in
or disposed on.

[0394] The digital camera apparatus 300 may or may not
include a shutter, a flash and/or a frame to hold the compo-
nents together.

[0395] FIG. 9A is a schematic exploded representation of
one embodiment of an optics portion, e.g., optics portions
330A. In this embodiment, the optics portion 330A includes
one or more lenses, €.g., a complex aspherical lens module
380, one or more color coatings, ¢.g., a color coating 382,
one or more masks, e.g., an auto focus mask 384, and one
or more IR coatings, e.g., an IR coating 386.

[0396] 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.
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[0397] The color coating 382 helps the optics portion filter
(i.c., substantially attenuate) one or more wavelengths or
bands of wavelengths. The auto focus mask 384 may define
one or more interference patterns that help the digital camera
apparatus perform one or more auto focus functions. The IR
coating 386 helps the optics portion 370A filter a wavelength
or band of wavelength in the IR portion of the spectrum.

[0398] The one or more color coatings, e.g., color coating
382, one or more masks, e.g., mask 384, and one or more IR
coatings, e.g., IR coating 386 may have any size, shape
and/or configuration. In some embodiments, one or more of
the one or more color coatings, ¢.g., the color coating 382,
are disposed at the top of the optics portion (see, for
example, FIG. 9B). Some embodiments of the optics por-
tion (and/or components thereof) may or may not include the
one or more color coatings, one or more masks and one or
more IR coatings and may or may not include features in
addition thereto or in place thereof. In some embodiments,
for example, one or more of the one or more color coatings,
e.g., the color coating 382, are replaced by one or more
filters 388 disposed in the optics portion, e.g., disposed
below the lens (see, for example, FIG. 9C). In other
embodiments, one or more of the color coatings are replaced
by one or more dyes diffused in the lens (see, for example,

FIG. 9D).

[0399] The one or more optics portions, e.g., optics por-
tions 330A-330D, 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
portions. 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 camera channel is dedicated to a
particular color (or band of colors) or wavelength (or band
of wavelengths) then the optics portion for that camera
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 camera 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 wave-
lengths to which the respective camera channel is dedicated.
It should be understood, however, that any other configu-
rations may also be employed. Each of the one or more
optics portions may have any configuration.

[0400] In some embodiments, each of the optics portions,
e.g., optics portions 330A-330D, comprises a single lens
element or a stack of lens elements (or lenslets), although, as
stated above, the present invention is not limited to such. For
example, in some embodiments, a single lens element,
multiple lens elements and/or compound lenses, with or
without one or more filters, prisms and/or masks are
employed.

[0401] An optical portion can also contain other optical
features that are desired for digital camera functionality
and/or performance. This can be things such as electroni-
cally tunable filters, polarizers, wavefront coding, spatial
filters (masks), and other features not yet anticipated. Some
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of the new features (in addition to the lenses) can be
electrically operated (such as a tunable filter) or be moved
mechanically with MEMs mechanisms.

[0402] Referring to FIG. 10A-10F, an optics portion, such
as for example, optics portion 330A, may include, for
example, any number of lens elements, optical coating
wavelength filters, optical polarizers and/or combination
thereof. Other optical elements may be included in the
optical stack to create desired optical features. FIG. 10A is
a schematic representation of one embodiment of optics
portion 330A in which the optics portion 330A comprises a
single lens element 390. FIG. 10B is a schematic represen-
tation of another embodiment of the optics portion 330A in
which the optics portion 330A includes two or more lens
elements, ¢.g., lens elements 392A, 392B. The portions of an
optics portion may be separate from one another, integral
with one another, and/or any combination thereof. Thus, for
example, the two lens elements 392A, 392B represented in
FIG. 10B may be separate from one another or integral with
one another.

[0403] FIGS. 10C-10F show schematic representations of
example embodiments of optics portion 330A in which the
optics portion 330A has one or more lens elements, e.g., lens
elements 394A, 394B, and one or more filters, e.g., filter
394C. The one or more lens elements and desired optical
features and/or optical elements may be separate from one
another, integral with one another, and/or any combination
thereof. Moreover, the one or more lens elements features
and/or elements may be disposed in any configuration and/or
sequence, for example, a lens-filter sequence (see for
example FIG. 10C), lens-coding sequence (see for example
FIG. 10D), a lens-polarizer sequence (see for example FIG.
10E), a lens-filter-coding-polarizer sequence (see for
example FIG. 10F) and combinations and/or variations
thereof.

[0404] In some embodiments, the filter 394C shown in
FIG. 10C is a color filter that is made within the lenses,
deposited on a lens surface or in the optical system as a
separate layer on a support structure. The filter may be a
single band pass or multiple bandpass filter. The coding 396
C (FIG. 10D) may be applied or formed on a lens and/or
provided as a separate optical element. In some embodi-
ments, the coding 396 C is used to modify the optical
wavefront to allow improved imaging capability with addi-
tional post image processing. The optical polarizer 400E
(FIG. 10E), may be of any type to improve image quality
such as glare reduction. The polarizer 400E may be applied
or formed on one or more optical surfaces and/or provided
as a dedicated optical element.

[0405] FIGS. 10G-10H are schematic representations of
optics portions in accordance with further embodiments of
the present invention.

[0406] As stated above, the portions of an optics portion
may be separate from one another, integral with one another
and/or any combination thereof. If the portions are separate,
they may be spaced apart from one another, in contact with
one another or any combination thereof. For example, two or
more separate lens elements may be spaced apart from one
another, in contact with one another, or any combination
thereof. Thus, some embodiments of the optics portion
shown in FIG. 10G may be implemented with the lens
elements 402A-402C spaced apart from one another, as is
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schematically represented in FIG. 10L, or with two or more
of the lens elements 402A-402C in contact with one another,
as is schematically represented in FIG. 101. Further, a filter,
e.g., 402D, may be implemented, for example, as a separate
element 402D, as is schematically represented in FIG. 10G,
or as a coating 402D disposed on the surface of a lens, for
example, as schematically represented in FIG. 10J. The
coating may have any suitable thickness and may be, for
example, relatively thin compared to the thickness of a lens,
as is schematically represented in FIG. 10K. Similarly,
some embodiments of the optics portion shown in FIG. 10H
may be implemented with the lens elements 404A-404D
spaced apart from one another, as is schematically repre-
sented in FIG. 10H, or with two or more of the lens elements
404A-404D in contact with one another, as is schematically
represented in FIG. 10L. The filter, ¢.g., filter 404E, may be
implemented, for example, as a separate element 404E, as is
schematically represented in FIG. 10H, or as a coating 404E
disposed on the surface of a lens, for example, as schemati-
cally represented in FIG. 10M. The coating may have any
suitable thickness and may be, for example, relatively thin
compared to the thickness of a lens, as is schematically
represented in FIG. 10N.

[0407] It should be understood that such techniques may
be employed in combination with any of the embodiments
disclosed herein, however, for purposes of brevity, such
embodiments may or may not be individually shown and/or
discussed herein.

[0408] In addition, as with each of the embodiments
disclosed herein, it should be understood that any of the
embodiments of FIGS. 10A-10N may be employed in
combination with any other embodiments, or portion
thereof, disclosed herein. Thus, the embodiments of the
optics portions shown in FIGS. 10G-10N may further
include a coding and/or a polarizer.

[0409] One or more of the camera channels, e.g., 350A-
350D, may employ an optical portion that transmits a
narrower band of wavelengths (as compared to broadband),
for example, R, G or B, which in some embodiments, may
help to simplify the optical design. For example, in some
embodiments, image sharpness and focus is easier to
achieve with an optics portion having a narrow color band
than with a traditional digital camera that uses a single
optical assembly and a Bayer color filter array. In some
embodiments, the use of multiple camera channels to detect
different bands of colors allows a reduction in the number of
optical elements in each camera channel. Additional optical
approaches such as diffractive and aspherical surfaces may
result in further optical element reduction. In addition, in
some embodiments, the use of optical portions that transmits
a narrower band of wavelengths allows the use of color
filters that can be applied directly in the optical material or
as coatings. In some embodiments, the optical transmission
in each band is greater than that traditionally provided by the
color filters utilized with on-chip color filter arrays. In
addition, the transmitted light does not display the pixel to
pixel variation that is observed in color filter array
approaches. Further, in some embodiments, the use of
multiple optics and corresponding sensor arrays helps to
simplify the optical design and number of elements because
the chromatic aberration is much less in a narrower wave-
length band as compared to broadband optics.
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[0410] In some embodiments, each optical portion trans-
mits a single color or band of colors, multiple colors or
bands of colors, or broadband. In some embodiments, one or
more polarizers that polarize the light, which may enhance
image quality.

[0411] In certain embodiments, e.g., if an optical portion
transmits multiple bands of colors or broadband, a color
filter array (e.g., a color filter array with a Bayer pattern)
may be disposed between the lens and the sensor array
and/or the camera channel may employ a sensor array
capable of separating the colors or bands of colors.

[0412] Insome embodiments, an optical portion may itself
have the capability to provide color separation, for example,
similar to that provided by a color filter array (e.g., a Bayer
pattern or variation thereof).

[0413] In certain embodiments, a wide range of optics
material choices are available for the optical portions,
including, for example, but not limited to, molded glasses
and plastics.

[0414] 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
incorporated 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 camera channels), or put into the lenses of one or more
camera channels, or into one or more of the other optical
features included into the optical path of an optics portion
OVer any sensor array.

[0415] Some embodiments employ an optics design hav-
ing a single lens element. Some other embodiments employ
a lens having multiple lens elements (e.g., two or more
elements). Lenses with multiple lens elements may be used,
for example, to help provide better optical performance over
a broad wavelength band (such as conventional digital
imagers with color filter arrays on the sensor arrays). For
example, some multi-element lens assemblies use a combi-
nation of single elements to help minimize the overall
aberrations. Because some lens elements have positive aber-
rations and others have negative aberrations, the overall
aberrations can be reduced. The lens elements may be made
of different materials, may have different shapes and/or may
define different surface curvatures. In this way, a predeter-
mined response may be obtained. The process of determin-
ing a suitable and/or optimal lens configuration is typically
performed by a lens designer with the aid of appropriate
computer software.

[0416] Some embodiments employ an optics portion hav-
ing three lens elements or lenslets. The three lenslets may be
arranged in a stack of any configuration and spaced apart
from one another, wherein each of the lenslets defines two
surface contours such that the stack collectively defines six
surface curvatures and two spaces (between the lenslets). In
some embodiments, a lens with three lenslets provides
sufficient degrees of freedom to allow the designer to correct
all third order aberrations and two chromatic aberrations as
well as to provide the lens with an effective focal length,
although this is not a requirement for every embodiment nor
is it a requirement for embodiments having three lenslets
arranged in a stack.
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[0417] In that regard, FIGS. 11A-11B are schematic and
side elevational views, respectively, of a lens 410 used in an
optics portion adapted to transmit red light or a red band of
light, e.g., for a red camera channel, in accordance with
another embodiment of the present invention. In this
embodiment, the lens 410 includes three lenslets, i.e., a first
lenslet 412, a second lenslet 414 and a third lenslet 416,
arranged in a stack 418. The lens 410 receives light from
within a field of view and transmits and/or shapes at least a
portion of such light to produce an image in an image area
at an image plane 419. More particularly, the first lenslet 412
receives light from within a field of view and transmits
and/or shapes at least a portion of such light. The second
lenslet 414 receives at least a portion of the light transmitted
and/or shaped by the first lenslet and transmits and/or shapes
a portion of such light. The third lenslet 416 receives at least
a portion of the light transmitted and/or shaped by the
second lenslet and transmits and/or shapes a portion of such
light to produce the image in the image area at the image
plane 419.

[0418] FIGS. 12A-12B are schematic and side elevational
views, respectively, of a lens 420 used in an optics portion
adapted to transmit green light or a green band of light, e.g.,
for a green camera channel, in accordance with another
embodiment of the present invention. In this embodiment,
the lens 420 includes three lenslets, i.e., a first lenslet 422,
a second lenslet 424 and a third lenslet 426, arranged in a
stack 428. The stack 428 receives light from within a field
of view and transmits and/or shapes at least a portion of such
light to produce an image in an image area at an image plane
429. More particularly, the first lenslet 422 receives light
from within a field of view and transmits and/or shapes at
least a portion of such light. The second lenslet 424 receives
at least a portion of the light transmitted and/or shaped by
the first lenslet and transmits and/or shapes a portion of such
light. The third lenslet 426 receives at least a portion of the
light transmitted and/or shaped by the second lenslet and
transmits and/or shapes a portion of such light to produce the
image in the image area at the image plane 429.

[0419] FIGS. 13A-13B are schematic and side elevational
views, respectively, of a lens 430 used in an optics portion
adapted to transmit blue light or a blue band of light, e.g., for
a blue camera channel, in accordance with another embodi-
ment of the present invention. In this embodiment, the lens
430 includes three lenslets, i.c., a first lenslet 432, a second
lenslet 434 and a third lenslet 436, arranged in a stack 438.
The lens 430 receives light from within a field of view and
transmits and/or shapes at least a portion of such light to
produce an image in an image area at an image plane 439.
More particularly, the first lenslet 432 receives light from
within the field of view and transmits and/or shapes at least
a portion of such light. The second lenslet 434 receives at
least a portion of the light transmitted and/or shaped by the
first lenslet and transmits and/or shapes a portion of such
light. The third lenslet 436 receives at least a portion of the
light transmitted and/or shaped by the second lenslet and
transmits and/or shapes a portion of such light to produce the
image in the image area at the image plane 439.

[0420] FIG. 14 is a schematic view of a lens 440 used in
an optics portion adapted to transmit red light or a red band
of light, e.g., for a red camera channel, in accordance with
another embodiment of the present invention. The lens 440
in this embodiment may be characterized as 60 degree, full
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field of view. In this embodiment, the lens 440 includes three
lenslets, i.e., a first lenslet 442, a second lenslet 444, and a
third lenslet 446, arranged in a stack 448. The lens 440
receives light from within a field of view and transmits
and/or shapes at least a portion of such light to produce an
image in an image area at an image plane 449. More
particularly, the first lenslet 442 receives light from within a
field of view and transmits and/or shapes at least a portion
of such light. The second lenslet 444 receives at least a
portion of the light transmitted and/or shaped by the first
lenslet and transmits and/or shapes a portion of such light.
The third lenslet 446 receives at least a portion of the light
transmitted and/or shaped by the second lenslet and trans-
mits and/or shapes a portion of such light to produce the
image in the image area at the image plane 449.

[0421] FIGS. 15A-15F are schematic representations of
some other types of lenses that may be employed. More
particularly, FIGS. 15A-15E are schematic representations
of other lenses 450-458 that include a stack having three
lenslets 450A-450C, 452A-452C, 454A-454C, 456 A-456C,
458A-458C. FIG. 15F is a schematic representation of a
lens 460 having only one lens element. It should be under-
stood however, that an optics portion may have any number
of components and configuration.

[0422] FIGS. 16A-16C arc representations of one
embodiment of a sensor array, e.g., sensor array 310A, and
circuits connected thereto, e.g., 470-476. The purpose of the
sensor array, €.g., sensor array 310A, is to capture light and
convert it into one or more signals (e.g., ¢lectrical signals)
indicative thereof, which are supplied to one or more of the
circuits connected thereto, for example as described below.
Referring to FIG. 16A, the sensor array 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 480, ;-480, . The photo
detectors, e.g., photo detectors 480, ,-480, . 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 2 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
distributed in any desired pattern. Pixels that are distributed
without any regular pattern could even be used. Referring to
FIG. 16B, a pixel, e.g., pixel pixels 480, ; may be viewed as
having dimensions, e.g., X and y dimensions, although it
should be recognized that 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 xy plane XY and directed toward
the optics portion of the camera channel. Each camera
channel has a field of view corresponding to an expanse
viewable by the sensor array. Each of the sensor elements
may be, for example, associated with a respective portion of
the field of view.

[0423] The sensor array may employ any type of technol-
ogy, for example, but not limited to MOS pixel technologies
(meaning that one or more portions of the sensor are
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implemented in “Metal Oxide Semiconductor” technology),
charge coupled device (CCD) pixel technologies or combi-
nation of both (hybrid) and may comprise any suitable
material or materials, including, for example, silicon, ger-
manium and/or combinations thereof. The sensor elements
or pixels may be formed in any suitable manner.

[0424] In operation, the sensor array, €.g., Sensor array
310A, is exposed to light, for example, on a sequential line
per line basis (similar to scanner) or globally (similar to
conventional film camera exposure). After being exposed to
light for certain period of time (exposure time), the pixels,
e.g., pixels 480, ,-480, ., may be read out, e.g., on a
sequential line per line basis.

[0425] In some embodiments, circuitry sometimes
referred to as column logic, ¢.g., column logic 470, is used
to read the signals from the pixels, e.g., pixels 480, ,-480, .
Referring to FIG. 16C, a schematic representation of a pixel
circuit, in some of such embodiments, the sensor elements,
e.g., pixel 480, ;, may be accessed one row at a time by
asserting one of the word lines, e.g., word line 482, which
run horizontally through the sensor array, e.g., sensor array
310A. Data may passed into and/or out of the sensor
elements, e.g., pixel 480, ,, via bit lines which run vertically
through the sensor array, e.g., sensor array 310A.

[0426] It should be recognized that pixels are not limited
to the configurations shown in FIGS. 16A-16C. As stated
above, each of the one or more sensor arrays may have any
configuration (e.g., size, shape, pixel design).

[0427] The sensor arrays, e.g., sensor arrays 310A-310D,
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, 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. For example,
if a particular camera channel is dedicated to a particular
color (or band of colors) or wavelength (or band of wave-
lengths), the sensor array for that camera channel may be
adapted to have a sensitivity that is higher to that particular
color (or band of colors) or wavelength (or band of wave-
lengths) than other colors or wavelengths and/or to sense
only that particular color (or band of colors) or wavelength
(or band of wavelengths). In some of such embodiments, the
design, operation, array size (for example, surface area of
the active portion of the array), shape of the pixel of a sensor
array (for example, the shape of the active area (surface area
of the pixel that is sensitive to light) of the pixel) and/or pixel
size of a sensor array (for example, the active area of the
surface of the pixel) is determined, selected, tailored and/or
optimized for the respective wavelength or bands of wave-
lengths to which the camera channels are dedicated. It
should be understood, however, that any other configura-
tions may also be employed. Each of the one or more sensor
arrays may have any configuration (e.g., size and shape).

[0428] As described herein, each sensor array may be, for
example, dedicated to a specific band of light (visible and/or
invisible), for example, one color or band of colors. If so,
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each sensor array may be tuned so as to be more efficient in
capturing and/or processing an image or images in its
particular band of light.

[0429] In this embodiment, the well depth of the photo
detectors across each individual array is the same, although
in some other embodiments, the well depth may vary. For
example, the well depth of any given array can readily be
manufactured to be different from that of other arrays of the
sensor subsystem. Selection of an appropriate well depth
could depend on many factors, including most likely 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 designed to capture that wave-
length and ignore others (e.g., blue, green).

[0430] Doping of the semiconductor material in the color
specific arrays may enhance the selectivity of the photon
absorption for color specific wavelengths.

[0431] In some embodiments, the pixels may be respon-
sive to one particular color or band of colors (i.e., wave-
length or band of wavelengths). For example, in some such
embodiments, the optics portion may include lenses and/or
filters that transmit only the particular color or band of colors
and/or attenuate wavelength or band of wavelengths asso-
ciated with other colors or band of colors. Is some others of
such embodiments, a color filter and/or color filter array is
disposed over and/or on one or more portions of one or more
sensor arrays. In some other embodiments, there is no color
filter or color filter array disposed on any of the sensor
arrays. In some embodiments, the sensor array separates
colors or bands of colors. In some such embodiments, the
sensor array may be provided with pixels that have multi-
band sensing 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 photo-
diode is adapted to detect a third color or band of colors. One
way to accomplish this is to provide the photodiodes with
different structures/characteristics that make them selective,
such that 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 sensitivity
to the second color or second band of colors than to the first
color or first band of colors. Another way is to dispose the
photodiodes at different depths in the pixel, which takes
advantage of the different penetration and absorption char-
acteristics 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. Indeed, a layer of
material that attenuates certain wavelengths and passes other
wavelengths may be disposed on or integrated into the
surface of the photodiode. In this way, each pixel function as
a plurality of photodiodes that is adapted to sense multiple
wavelengths.

[0432] FIG. 17A is a schematic plan view of a portion of
a sensor array, e.g., a portion of sensor array 310A, in
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accordance with one embodiment of the present invention.
The portion of the array includes six unit cells, e.g., cells
490, -490;, ;. ;. Each unit cell has a pixel region, e.g., unit
cell 490, , ;. , has a pixel region 492, . ;. The pixel region
may be, for example, but is not limited to, a p implant region.
The sensor elements, e.g., pixels 492;,-492, . ,, may be
accessed one row at a time by asserting one of the word
lines, e.g., word lines 494, which may run, for example,
horizontally through the sensor array, e.g., sensor array
310A. Power may be provided on power lines, e.g., power
lines 496, which may for example, run vertically through the
sensor array. Data may passed into and/or out of the sensor
elements, e.g., pixels 492; -492; . ,, via bit lines, e.g., bit
lines 498, which may run, for example, vertically through
the sensor array, e.g., sensor array 310A. Reset may be
initiated via reset lines, e.g., reset lines 500, which may run,
for example, horizontally through the sensor array.

[0433] Insome embodiments, each sensor array has 1.3 M
pixels. In such embodiments, three camera channels may
provide an effective resolution of about 4 M pixels. Four
camera channels may provide an effective resolution of
about 5.2 M pixels.

[0434] In some other embodiments, each sensor array has
2 M pixels. In such embodiments, three camera channels
may provide an effective resolution of about 6 M pixels.
Four camera channels may provide an effective resolution of
about 8 M pixels.

[0435] 1t should be recognized that the sensor arrays are
not limited to the design shown in FIG. 17A. As stated
above, each of the one or more sensor arrays may have any
configuration (e.g., size, shape, pixel design).

[0436] FIG. 17B is exemplary schematic cross section of
the implant portion of a pixel having a single well to capture
all wavelengths.

[0437] For example, FIG. 17C is exemplary schematic
cross section of an implant portion of a pixel having a well
formed “deep” in the semiconductor (for example, silicon)
such that the depth of the implant is adapted or suitable to
improve capture or collect of light having wavelengths in the
range associated with the color red (among others). As such,
the embodiment illustrated in FIG. 17C includes a deep
implant formation of the junction to create a high efficiency
red detector in which photons are collected, detected or
captured deep in the semiconductor. In this embodiment, it
may be advantageous to employ a color filter or optical
filtration of the light prior to incidence on the pixel in order
to substantially attenuate light having wavelengths associ-
ated with colors other than red (photons having wavelengths
in the range associated with red).

[0438] The well depth of the pixel or photo detector may
be predetermined, selected and/or designed to tune the
response to the photo detector. In this regard, with reference
to FIG. 17D, a pixel “tuned” to capture, collect or respond
to photons having wavelengths in the range associated with
the color blue is illustrated. The exemplary schematic cross
section of an implant portion of a pixel includes a well
formed “near the surface” in the semiconductor (for
example, silicon) such that the depth of the implant is
adapted or suitable to improve capture or collect of light
having wavelengths in the range associated with the color
blue. Accordingly, relative to FIG. 17C, a shallow junction
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is formed in the semiconductor which is optimized for
collecting, detecting or capturing wavelengths in the range
associated with the color blue near the surface of the detector
(relative to FIG. 17C). As such, in this embodiment, a filter
may be omitted due to selectively implanting the region at
a particular depth. That is, filter material may be unnecessary
as both green and red photons pass through the collection
region collecting, detecting or capturing mainly the blue
signal (photons having wavelengths in the range associated
with the color blue).

[0439] With reference to FIG. 17E, the pixel or photo
detector may be “tuned” to capture, collect or respond to
photons having wavelengths primarily in the range associ-
ated with the color red. Here, the well region is formed
and/or confined at a depth that is associated primarily with
wavelengths of the color red.

[0440] With reference to FIG. 17F, the pixel or photo
detector may be “tuned” to capture, collect or respond to
photons having wavelengths primarily in the range associ-
ated with the color green. Here, the well region is formed
and/or confined at a depth that is associated primarily with
wavelengths of the color green.

[0441] Notably, the pixel or photo detector may be “tuned”
to capture, collect or respond to photons having wavelengths
primarily in the range associated with any color. In this
regard, the well region of the pixel or photo detector is
formed and/or confined at a depth that is associated prima-
rily with wavelengths of the color to be captured or col-
lected. In these embodiments, the specific regions for col-
lection can be formed by buried junctions within the
semiconductor base material. In this case by varying the
buried junction depth and shape, wavelength selectivity can
be achieved. Together with the optical path further selectiv-
ity and wavelength responsivity can allow for single or
multiple band pass detectors.

[0442] The pixel or photo detector may be “tuned” to
capture, collect or respond to photons having wavelengths
primarily in the range associated with more than one color.
For example, with reference to FIG. 17G, a first pixel
(located on the left) includes well regions formed and/or
confined at a depth that are associated primarily with wave-
lengths of the colors red (deep) and blue (more shallow). As
such, this pixel or photo detector is “tuned” to capture or
collect incident photons having wavelengths primarily in the
range associated with two colors. The pixel on the right
includes a well region formed and/or confined at a depth that
is associated primarily with wavelengths of one color, here
green. The sensor array may include one, some or all of the
pixels (located on the left or the right). Moreover, the sensor
array may include a pattern of both types of pixels.

[0443] Notably, the pixel or photo detector may be “tuned”
to capture, collect or respond to photons having wavelengths
primarily in the range associated with any two or more
colors (provided that such colors are sufficiently spaced to
permit appropriate sensing). (See for example, FIG. 17H—
blue and green sensed via the pixel located on the left and
green and red sensed via the pixel located on the right).

[0444] There are many embodiments related to tuning the
depth of the well and/or region of the pixel or photo detector,
for example,

[0445] A3/A2/A1 (e.g. R/G/B) color filter array on indi-
vidual pixels
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[0446] 23/A2/M1 (e.g. R/G/B) photodiodes in individual
pixels

[0447] A3/r1 (e.g. R/B) photodiodes in one pixel, A2 (e.g.
G) in one pixel

[0448] A3/A2/A1 (e.g. R/G/B) photodiodes in one pixel

[0449] A4/A2 (e.g. R/G1) photodiodes in one pixel, A3/A1
(e.g. G2/B) in one pixel

[0450] A4/A3/M2/M1 (e.g. R/G2/G1/B)color filter arrays on
individual pixels

[0451] A4/A3/M2/A1 (e.g. R/G2/G1/B) photodiodes in one
pixel

[0452] A4/A3/A2/M1 (e.g. R/G2/G1/B) photodiodes in indi-
vidual pixels

[0453] Note: wavelength bands from Al to A4 represent
increasing wavelengths and can range from the UV to IR
(e.g. 200-1100 nm for silicon photodiodes)

[0454] All embodiments for related to tuning the depth of
the well and/or region of the pixel or photo detector, are
intended to fall within the scope of the present invention
and, as such, may be implemented in any of the embodi-
ments described and illustrated herein.

[0455] In sum, since each array of photo detectors is
separate from the other, and unlike conventional arrays
which can only be processed in a like manner due to the
proximity of adjacent photo detectors, various implant and
junction configurations may be achieved by this invention.
Using one or more of the techniques and/or embodiments
described above or a combination of filters and wavelength
specific detectors, various photo detector topologies can be
achieved.

[0456] The configuration of a sensor array (e.g., number,
shape, size type and arrangement of sensor elements) may
impact the characteristics of the sensed images. For
example, FIGS. 18A-18B are explanatory representations
depicting an image being captured by a portion of a sensor
array, e.g., 310A. More particularly, FIG. 18A is a explana-
tory view of an image of an object (a lightning bolt) striking
a portion of the sensor array. In this example, the photon
capturing portions (or active area), e.g., photon capturing
portion 502, of the sensor elements are represented generally
represented by circles although in practice, a pixel can have
any shape including for example, an irregular shape. For
purposes of this example, photons that strike the photon
capturing portion or active area of the pixel or photo detector
(e.g., photons that strike within the circles XX) are sensed
and/or captured thereby. FIG. 18B shows the portion of the
photons, e.g., portion 504, that are captured by the sensor in
this example. Photons that do not strike the sensor elements
(c.g., photons that striking outside circles XX) are not
sensed/captured.

[0457] FIGS. 19A-19B are explanatory representations
depicting an image being captured by a portion of a sensor,
e.g., sensor array 310A, that has more sensor elements and
closer spacing of such elements than is provided in the
sensor of FIG. 18A. More particular, FIG. 19A shows an
image of an object (a lightning bolt) striking the sensor. For
purposes of this example, photons that strike the photon
capturing portion, e.g., photon capturing portion 506, are
sensed and/or captured thereby. FIG. 19B shows the por-
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tions of the photons, e.g., portion 508, that are captured by
the sensor in this example. Notably, the sensor of FIG. 19A
captures more photons than the sensor of FIG. 18A.

[0458] FIGS. 20A-20B are schematic representations of a
relative positioning provided for an optics portion, e.g.,
optics portion 330A, and a respective sensor array, e.g.,
sensor array 310A, in some embodiments. In that regard, it
should be understood that, although, FIGS. 20A-20B shows
the optics portion having an axis, e.g., axis 510A, aligned
with an axis, e.g., axis 512A, of the sensor array, some
embodiments may not employ such an alignment. In addi-
tion, in some embodiments, the optics portion and/or the
sensor array may not have an axis.

[0459] FIG. 21 is a schematic representation of a relative
positioning provided for four optics portions, e.g., optics
portions 330A-330D, and four sensor arrays, e.g., sensor
arrays 310A-310D, in some embodiments. Although FIG.
21 shows each of the optics portions, e.g., optics portion
330B, having an axis, e.g., axis 510B, aligned with an axis,
e.g., axis 512B, of the respective sensor array, e.g., sensor
array 310B, it should be understood that some embodiments
may not employ such an alignment. In addition, in some
embodiments, the one or more of the optics portions and/or
one or more of the sensor arrays may not have an axis.

[0460] In some embodiments, the optics portion is gener-
ally about the same size as the respective sensor array, and
may therefore differ from one another in size and shape
depending upon the dimensions of the underlying array.
There is, however, no requirement that a given optics portion
cover all, or only, the underlying array. In some alternative
embodiments an optics portion could cover only a portion of
an array and/or could extend beyond the array.

[0461] FIGS. 22A-22B are a schematic plan view and a
schematic cross sectional view, respectively, of one embodi-
ment of an image device 520 in or on which one or more
sensor arrays, e.g., sensor arrays 310A-310D, may be dis-
posed and/or integrated, and the image areas of the respec-
tive optics portions, e.g., optics portions 330A-330D, in
accordance with one embodiment of the present invention.
In this embodiment, the image device 520 has first and
second major surfaces 522, 524 and an outer perimeter
defined by edges 526, 528, 530 and 532. The image device
520 defines the one or more regions, ¢.g., regions 534A-
534D, for the active areas of the one or more sensor arrays,
e.g., sensor arrays 310A-310D, respectively. The image
device further defines one or more regions, e.g., regions
536A-536D, respectively, and 538A-538D, respectively, for
the buffer and/or logic associated with the one or more
sensor arrays, e.g., sensor arrays 310A-310D, respectively.

[0462] The image device may further define one or more
additional regions, for example, regions 540, 542, 544, 546
disposed in the vicinity of the perimeter of the image device
(e.g., extending along and adjacent to one, two, three or four
of the edges of the image device) and/or between the regions
for the sensor arrays. In some embodiments, one or more
electrically conductive pads, e.g., pads 550, 552, 554, 556,
one or more portions of the processor, one or more portions
of additional memory, and/or any other types of circuitry or
features may be disposed in one or more of these regions, or
portions thereof. One or more of such pads may be used in
supplying one or more electrical signals and/or from one or
more circuits on the image device to one or more other
circuits located on or off of the image device.
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[0463] In some embodiments, the major outer surface
defines one or more support surfaces to support one or more
portions of a support, e.g., support 320. Such support
surfaces may be disposed in any region, or portion thereof,
e.g., regions 540-546, however in some embodiments, it is
advantageous to position the support surfaces outside the
active areas of the sensor array so as not to interfere with the
capture of photons by pixels in such areas.

[0464] The one or more optics portions, €.g., optics por-
tions 330A-330D, produce image areas, e.g., image areas
560A-560D, respectively, at an image plane.

[0465] The image device, sensor arrays and image areas
may each have any size(s) and shape(s). In some embodi-
ments, the image areas are generally about the same size as
the respective sensor arrays, and therefore, the image areas
may differ from one another in size and shape depending
upon the dimensions of the underlying sensor arrays. Of
course, there is no requirement that an image area cover all,
or only, the underlying array. In alternative embodiments an
image area could cover only a portion of an array, and could
extend beyond the array.

[0466] In this embodiment, the image areas, e.g., image
areas 560A-560D, extend beyond the outer perimeter of the
sensor arrays, e.g., sensor arrays 310A-310D, respectively.
The image device has a generally square shape having a first
dimension 562 equal to about 10 mm and a second dimen-
sion 564 equal to about 10 mm, with each quadrant having
a first dimension 566 equal to 5 mm and a second dimension
568 equal to 5 mm. Each of the image areas has a generally
circular shape and a width or diameter 570 equal to about 5
millimeters (mm). Each of the active areas has a generally
rectangular shape having a first dimension 572 equal to
about 4mm and a second dimension 574 equal to about
3mm. The active area, may define for example, a matrix of
1200x900 pixels (i.e., 1200 columns, 900 rows).

[0467] FIGS. 23A-23B are a schematic plan view and a
schematic cross sectional view, respectively, of the image
device and image areas in accordance with another embodi-
ment. In this embodiment, the image device 520 has one or
more pads, e.g., 550-556, disposed in a configuration that is
different than the configuration of the one or more pads in
the embodiments shown above. The image device 520,
sensor arrays, and image areas 560A-560D may have, for
example, the same shape and dimensions as set forth above
with respect to the embodiment of the image device shown
in FIGS. 22A-22B.

[0468] FIGS. 24A-24B are a schematic plan view and a
schematic cross sectional view, respectively, of the image
device 520 and image areas in accordance with another
embodiment. In this embodiment, the image device 520 has
a vertically extending region, disposed between the sensor
arrays, that is narrower than a vertically extending region,
disposed between the sensor arrays, in the embodiment of
the image device shown in FIGS. 22A-22B. Horizontally
extending regions 542, 546, disposed along the perimeter are
wider than horizontally extending regions 542, 546, dis-
posed along the perimeter of the image device 520 shown in
FIGS. 22A-22B. The image device 520 may have, for
example, the same shape and dimensions as set forth above
with respect to the embodiment of the image device shown
in FIGS. 22A-22B.

[0469] FIGS. 25A-25B are a schematic plan view and a
schematic cross sectional view, respectively, of the image
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device 520 and image areas, e.g., image areas 560A-560D,
in accordance with another embodiment. In this embodi-
ment, the image areas, e.g., image areas 560A-560D, do not
extend beyond the outer perimeter of the sensor arrays, e.g.,
sensor arrays 310A-310D, respectively. The image device
520 and the sensor arrays may have, for example, the same
shape and dimensions as set forth above with respect to the
embodiment of the image device 520 shown in FIGS.
22A-22B.

[0470] FIGS. 26A-26B are a schematic plan view and a
schematic cross sectional view, respectively, of the image
device and image areas in accordance with another embodi-
ment. In this embodiment, regions 540-546 disposed
between the sensor arrays and the edges of the image device
are wider than the regions 540-546 disposed between the
sensor arrays and the edge of the image device in the
embodiments of FIGS. 22A-22B. Such regions may be
used, for example, for one or more pads, one or more
portions of the processor, as a seat and/or mounting region
for a support and/or any combination thereof.

[0471] In addition, in this embodiment, a horizontally
extending region 564 disposed between the sensor arrays is
wider than the horizontally extending region 546 between
the sensor arrays in the embodiment of FIGS. 22A-22B.
Such region 546 may be used, for example, for one or more
pads, one or more portions of the processor, as a seat and/or
mounting region for a support and/or any combination
thereof. The image device and the sensor arrays may have,
for example, the same shape and dimensions as set forth
above.

[0472] As with each of the embodiments disclosed herein,
this embodiment may be employed alone or in combination
with one or more of the other embodiments disclosed herein,
or portions thereof.

[0473] To that effect, for example, FIGS. 27A-27B are a
schematic plan view and a schematic cross sectional view,
respectively, of the image device 540 and image areas
560A-560D in accordance with another embodiment. This
embodiment of the image device 520 and image areas
560A-560D is similar to the embodiment of the image
device and image areas shown in FIGS. 26A-26B, except
that the image areas, e.g., image areas 560A-560D, do not
extend beyond the outer perimeter of the sensor arrays, e.g.,
sensor arrays 310A-310D, respectively.

[0474] FIG. 28A is a schematic perspective view of a
support 320 in accordance with another embodiment of the
present invention. The support 320 may have any configu-
ration and may comprise, for example, but is not limited to,
a frame. FIGS. 28B-28D are enlarged cross sectional views
of the support 320. Referring to FIGS. 28A-28D, the optics
portions of the one or more camera channels, e.g., optics
portions 330A-330D, are supported by one or more sup-
ports, e.g., the support 320, which position(s) each of the
optics portions in registration with a respective sensor array,
at least in part. In this embodiment, for example, optics
portion 330A is positioned in registration with sensor array
310A. Optics portion 330B is positioned in registration with
sensor array 310B. Optics portion 330C is positioned in
registration with sensor array 310C. Optics portion 330B is
positioned in registration with sensor array 310B. Optics
portion 330D is positioned in registration with sensor array
310D.
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[0475] In some embodiments, the support 320 may also
help to limit, minimize and/or eliminate light “cross talk”
between the camera channels and/or help to limit, minimize
and/or eliminate “entry” of light from outside the digital
camera apparatus.

[0476] Insome embodiments, the support 320 defines one
or more support portions, e.g., four support portions 600A-
600D, each of which supports and/or helps position a
respective one of the one or more optics portions. In this
embodiment, for example, support portion 600A supports
and positions optics portion 330A in registration with sensor
array 310A. Support portion 600B supports and positions
optics portion 330B in registration with sensor array 310B.
Support portion 600C supports and positions optics portion
330C in registration with sensor array 310C. Support portion
600D supports and positions optics portion 330D in regis-
tration with sensor array 310D.

[0477] In this embodiment, each of the support portions,
e.g., support portions 600A-600D, defines an aperture 616
and a seat 618. The aperture 616 defines a passage for the
transmission of light for the respective camera channel. The
seat 618 is adapted to receive a respective one of the optics
portions (or portion thereof) and to support and/or position
the respective optics portion, at least in part. In this regard,
the seat 618 may include one or more surfaces (e.g., surfaces
620, 622) adapted to abut one or more surfaces of the optics
portion to support and/or position the optics portion, at least
in part, relative to the support portion and/or one or more of
the sensor arrays 310A-310D. In this embodiment, surface
620 is disposed about the perimeter of the optics portion to
support and help position the optics portion in the x direction
and the y direction). Surface 622 (sometimes referred to
herein as “stop” surface) positions or helps position the
optics portion in the z direction.

[0478] The position and/or orientation of the stop surface
622 may be adapted to position the optics portion at a
specific distance (or range of distance) and/or orientation
with respect to the respective sensor array. In this regard, the
seat 618 controls the depth at which the lens is positioned
(e.g., seated) within the support 320. The depth may be
different for each lens and is based, at least in part, on the
focal length of the lens. For example, if a camera channel is
dedicated to a specific color (or band of colors), the lens or
lenses for that camera channel may have a focal length
specifically adapted to the color (or band of colors) to which
the camera channel is dedicated. If each camera channels is
dedicated to a different color (or band of colors) than the
other camera channels, then each of the lenses may have a
different focal length, for example, to tailor the lens to the
respective sensor array, and each of the seats have a different
depth.

[0479] Each optics portion may be secured in respective
seat 618 in any suitable manner, for example, but not limited
to, mechanically (e.g., press fit, physical stops), chemically
(e.g., adhesive), electronically (e.g., electronic bonding)
and/or combination thereof. The seat 618 may include
dimensions adapted to provide a press fit for the respective
optics portion.

[0480] The aperture (or portions thereof) may have any
configuration (e.g., shape and/or size) including for
example, cylindrical, conical, rectangular, irregular and/or
any combination thereof. The configuration may be based,
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for example, on the desired configuration of the optical path,
the configuration of the respective optical portion, the con-
figuration of the respective sensor array and/or any combi-
nation thereof.

[0481] It should be understood that the support 320 may or
may not have exactly four support portions, e.g., support
portions 600A-600D. In some embodiments, for example,
the support includes fewer than four support portions (e.g.,
one, two or three support portions) are used. In some other
embodiments, the support includes more than four support
portions. Although the support portions, 630A-630D are
shown as being identical to one another, this is not required.
Moreover, in some embodiments, one or more of the support
portions may be isolated at least in part from one or more of
the other support portions. For example, the support 320
may further define clearances or spaces that isolate the one
or more inner support portions, in part, from one or more of
the other support portions.

[0482] The support 320 may comprise any type of mate-
rial(s) and may have any configuration and/or construction.
In some embodiments, for example, the support 320 com-
prises silicon, semiconductor, glass, ceramic, plastic, or
metallic materials and/or a combination thereof. If the
support 320 has more than one portion, such portions may
be fabricated separate from one another, integral with one
another and/or any combination thereof. If the support
defines more than one support portion, each of such support
portions, e.g., support portions 600A-600D, may be coupled
to one, some or all of the other support portions, as shown,
or completely isolated from the other support portions. The
support may be a solid device that may offer a wide range
of options for manufacturing and material, however other
forms of devices may also be employed. In some embodi-
ments, for example, the support 320 comprises a plate (e.g.,
a thin plate) that defines the one or more support portions,
with the apertures and seats being formed by machining
(e.g., boring) or any other suitable manner. In some other
embodiments, the support 320 is fabricated as a casting with
the apertures defined therein (e.g., using a mold with pro-
jections that define the apertures and seats of the one or more
support portions).

[0483] In some embodiments, the lens and support are
manufactured as a single molded component. In some
embodiments the lens may be manufactured with tabs that
may be used to form the support.

[0484] In some embodiments, the support 320 is coupled
and/or affixed directly or indirectly, to the image device. For
example, the support 320 may be directly coupled and
affixed to the image device (e.g., using adhesive) or indi-
rectly coupled and/or or affixed to the image device via an
intermediate support member (not shown).

[0485] The x and y dimensions of the support 320 may be,
for example, approximately the same (in one or more
dimensions) as the image device, approximately the same
(in one or more dimensions) as the arrangement of the optics
portions 330A-330D and/or approximately the same (in one
or more dimensions) as the arrangement of the sensor arrays
310A-310D. One advantage of such dimensioning is that it
helps keep the x and y dimensions of the digital camera
apparatus as small as possible.

[0486] In some embodiments, it may be advantageous to
provide the seat 618 with a height A that is the same as the
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height of a portion of the optics that will abut the stop
surface 620. It may be advantageous for the stop surface 622
to be disposed at a height B (e.g., the distance between the
stop surface 622 and the base of the support portion) that is
at least as high as needed to allow the seat 618 to provide a
firm stop for an optics portion (e.g., the lens) to be seated
thereon. The width or diameter C of the portion of the
aperture 616 disposed above the height of the stop surface
622 may be based, for example, on the width or diameter of
the optics portion (e.g., the lens) to be seated therein and the
method used to affix and/or retain that optics portion in the
seat 618. The width of the stop surface 622 is preferably
large enough to help provide a firm stop for the optics
portion (e.g., the lens) yet small enough to minimize unnec-
essary blockage of the light transmitted by the optics por-
tion. It may be desirable to make the width or diameter D of
the portion of the aperture 616 disposed below the height of
the stop surface 622 large enough to help minimize unnec-
essary blockage of the light transmitted by the optics por-
tion. It may be desirable to provide the support with a height
E equal to the minimum dimension needed to result in a
support sturdy enough to support the one or more optics
portions to be seated therein, in view of the considerations
above, and may be advantageous to space the one or more
apertures 616A-616D of the one or more support portions
600A-600D by a distance F that is as small as possible yet
large enough that the support will be sturdy enough to
support the optics portions to be seated therein. The support
may have a length J and a width K.

[0487] Insome embodiments, it is desirable to provide the
seat 618 with a height A equal to 2.2 mm, to provide the stop
surface 622 at a height B in the range of from 0.25 mm to
3 mm, to make the width or diameter C of the portion of the
aperture above the height B of the stop surface 622 equal to
approximately 3 mm, to make the width or diameter D of the
lower portion of the aperture approximately 2.8 mm, to
provide the support portion with a height E in the range from
2.45 mm to 5.2 mm and to space the apertures apart by a
distance F of at least 1 mm. In some of such embodiments,
it may be desirable to provide the support with a length J
equal to 10 mm and a width K equal to 10 mm. In some other
embodiments, it may be desirable to provide the support
with a length J equal to 10 mm and a width K equal to 8.85
mm.

[0488] In some embodiments, one or more of the optics
portions, e.g., optics portion 330A, comprises a cylindrical
type of lems, e.g., a NT45-090 lens manufactured by
Edmunds Optics, although this is not required. Such lens has
a cylindrical portion with a diameter G up to 3 millimeters
(mm) and a height H of 2.19 mm. In such embodiments, it
may be desirable to employ a support having the dimensions
and ranges set forth in the paragraph above.

[0489] In some embodiments, the support has a length J
equal to 10 mm and a width K equal to 10 mm. In some other
embodiments, it may be desirable to provide the support
with a length J equal to 10 mm and a width K equal to 8.85
mm.

[0490] FIG. 29A is a schematic cross sectional view of a
support 320 and optics portions, e.g., 330A-330D, seated
therein in accordance with another embodiment. In this
embodiment, the optics portions have an orientation that is
inverted compared to the orientation of the optics portions in
the embodiment of FIGS. 7A-7C.
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[0491] FIG. 29B is a schematic cross sectional view of a
support and optics portions, e.g., 330A-330D, seated therein
in accordance with another embodiment. In this embodi-
ment, each of the optics portions includes a single lens
element having a shank portion 702A-702D, respectively.
The support 320 has an orientation that is inverted compared
to the orientation of the support in the embodiment of FIGS.
6A-6C, such that the optics portions are seated on stop
surfaces 622A-622D, respectively, that face in a direction
away from the sensor arrays (not shown).

[0492] It should be understood that the features of the
various embodiments described herein may be used alone
and/or in any combination thereof.

[0493] FIGS. 30A-30D show a support 320 having four
support portions 600A-600D cach defining an aperture, ¢.g.,
aperture 616A-616D, for a respective optics portion,
wherein the seat, e.g., seat 618A, defined by one or more of
the support portions, e.g., support portion 600A, is disposed
at a depth 710A that is different than the depths, e.g., depth
710C, of the seat, e.g., seat 618C, of one or more other
support portions, for example, to adapt the one or more
support portions to the focal length of the respective optics
portions. As stated above, the position and/or orientation of
the stop surface 622 may be adapted to position the optics
portion at a specific distance (or range of distance) and/or
orientation with respect to the respective sensor array. In this
regard, the seat 618 controls the depth at which the lens is
positioned (e.g., seated) within the support 320. In some
embodiments, one of the optics portions is adapted for blue
light or a band of blue light and another one of the optics
portions is adapted for red light or a band of red light,
however other configurations may also be employed.

[0494] FIGS. 31A-31D show a support 320 having four
support portions 600A-600D each defining an aperture
616A-616D and a seat 618A-618D, respectively, for a
respective optics portion, wherein the aperture, e.g., aperture
616A, of one or more of the support portions, e.g., support
portion 600A, has a diameter 714A that is less than the
diameter 714C of the aperture 616 of one or more of the
other support portions, e.g., support portion 600C.

[0495] As with each of the embodiments disclosed herein,
this embodiment may be employed alone or in combination
with one or more of the other embodiments disclosed herein,
or portions thereof. In that regard, in some embodiments, the
seat defined by one or more of the support portions is at a
depth that is different than the depths of the seats of the other
support portions so as to adapt such one or more support
portions to the focal length of the respective optics portions,
as in the embodiment of the support shown in FIGS.
30A-30D.

[0496] Insome embodiments, one of the optics portions is
adapted for blue light or a band of blue light and another one
of the optics portions is adapted for red light or a band of red
light, however other configurations may also be employed.

[0497] FIG. 32 is a schematic cross-sectional view of a
digital camera apparatus 300 and a printed circuit board 720
of a digital camera on which the digital camera apparatus
300 may be mounted, in accordance with one embodiment
of the present invention. In this embodiment, the one or
more optics portions, e.g., optics portions 330A-330D are
seated in and/or affixed to the support 320. The support 320
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is disposed superjacent a first bond layer 722, which is
disposed superjacent an image device, e.g., image device
520, in or on which the one or more sensor portions, €.g.,
sensor portions 310A-310D, are disposed and/or integrated.
The image device 520 is disposed superjacent a second bond
layer 724 which is disposed superjacent the printed circuit
board 110.

[0498] The printed circuit board includes a major outer
surface 730 that defines a mounting region on which the
image device is mounted. The major outer surface 730 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 732
are provided on the major outer surface 730 of the printed
circuit board to connect to one or more of the devices
mounted thereon.

[0499] The image device 520 includes the one or more
sensor arrays, e.g., sensor arrays 310A-310D, and one or
more electrically conductive layers. In some embodiments,
the image device further includes one, some or all portions
of the processor for the digital camera apparatus. The image
device 520 further includes a major outer surface 740 that
defines a mounting region on which the support 320 is
mounted.

[0500] The one or more electrically conductive layers may
be patterned to define one or more pads 742 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 742 are
disposed, for example, in the vicinity of the perimeter of the
image device 520, for example, along one, two, three or four
sides of the image device. The one or more conductive layers
may comprise, for example, copper, copper foil, and/or any
other suitably conductive material(s).

[0501] A plurality of electrical conductors 750 may con-
nect one or more of the pads 742 on the image device 520
to one or more of the pads 732 on the circuit board 720. The
conductors 750 may be used, for example, to connect one or
more circuits on the image device to one or more circuits on
the printed circuit board.

[0502] The first and second bond layers 722, 724 may
comprise any suitable material(s), for example, but not
limited to adhesive, and may comprise any suitable configu-
ration. The first and second bond layers 722, 724 may
comprise the same material(s) although this is not required.
As used herein, a bond layer may be continuous or discon-
tinuous. 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.

[0503] A plurality of optics portions, e.g., optics portions
330A-330D are seated in and/or affixed to the support.

[0504] Insome embodiments, the digital camera apparatus
300 has dimensions of about 2.5 mmx6 mmx6 mm. For
example, the thickness may be equal to about 2.5 mm, the
length may be equal to about 6 mm and the width may be
equal to about 6 mm. In some of such embodiments, the
digital camera apparatus has one or more sensor arrays
having a total of 1.3 M pixels, although other configurations
may be employed (e.g., different thickness, width, length
and number of pixels).
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[0505] In some embodiments, one or more of the circuits
on the image device 520 may communicate with one or more
devices through one or more wireless communication links.
In some such embodiments, the image device 520 may
define one or more circuits for use in such wireless com-
munication link and/or one or more mounting regions for
one or more discrete devices employed in such wireless
communication link(s).

[0506] The digital camera apparatus 300 may be
assembled and mounted in any manner. FIGS. 33A-33F
shows one embodiment for assembling and mounting the
digital camera apparatus. Referring to FIG. 33A, initially,
the image device 520 is provided. Referring to FIG. 33B, a
first bond layer 722 is provided on one or more regions of
one or more surfaces of the image device 520. Such regions
define one or more mounting regions for the support. Refer-
ring to FIG. 33C, the support 520 is thereafter positioned on
the bond layer 722. In some embodiments, force may be
applied to help drive any trapped air out from between the
image device and support. In some embodiments, heat
and/or force may be applied to provide conditions to activate
and/or cure the bond layer to form a bond between the image
device 520 and the support 320. Referring to FIG. 33D, one
or more optics portions, e.g., optics portions 330A-330D
may thereafter be seated in and/or affixed to the support 320.
Referring to FIG. 33E, a bond layer 724 is provided on one
or more regions of one or more surfaces of the printed circuit
board 720. Such regions define one or more mounting
regions for the digital camera apparatus 300. Referring to
FIG. 33F, the digital camera apparatus 300 is thereafter
positioned on the bond layer 724. One or more electrical
conductors 750 may be installed to connect one or more of
pads 742 on the image device to one or more pads on circuit
board 732.

[0507] In some embodiments, the electrical interconnect
between component layers may be formed by lithography
and metallization, bump bonding or other methods. Organic
or inorganic bonding methods can be used to join the
component layers. The layered assembly process may start
with a “host” wafer with electronics used for the entire
camera and/or each camera channel. Then another wafer or
individual chips are aligned and bonded to the host wafer.
The transferred wafers or chips can have bumps to make
electrical interconnect or connects can be made after bond-
ing and thinning. The support substrate from the second
wafer or individual chips is removed, leaving only a few
microns material thickness attached to the host wafer con-
taining the transferred electronics. Electrical interconnects
are then made (if needed) between the host and the bonded
wafer or die using standard integrated circuit processes. The
process can be repeated multiple times.

[0508] FIGS. 33G-33K are schematic views of a digital
camera apparatus, mechanical mountings and electrical con-
nections employed in accordance with further embodiments
of the present invention. More particularly, FIG. 33G is a
schematic perspective view of the digital camera apparatus
300. FIG. 33H is a schematic elevational view of the digital
camera 300 mounted to a major lower surface of a printed
circuit board 720. One or more electrical conductors 750 are
used to connect pads 732 on the printed circuit 720 to pads
on the major outer surface of the image device 520.

[0509] FIG. 33H is a schematic elevational view of the
digital camera 300 mounted to a major lower surface of a
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printed circuit board 720. The support 320 is disposed in a
through hole defined by the printed circuit board. One or
more electrical conductors 750 connect pads 732 on the
printed circuit 720 to pads on the major outer lower of the
image device 520.

[0510] FIG. 33I is a schematic elevational view of the
digital camera 300 mounted to a major lower surface of a
printed circuit board 720. The support 320 is disposed in a
through hole defined by the printed circuit board. A bump
bond 752 connects one or more of the pads 742 on the
surface 740 of the image device 520 to pads 732 on the
major lower surface of the printed circuit board 720.

[0511] FIG. 33] is a schematic elevational view of the
digital camera 300 mounted to a major upper surface of a
printed circuit board 720. One or more electrical conductors
750 connect pads 732 on the printed circuit 720 to pads 742
on the major outer surface 740 of image device 520.

[0512] FIG. 33I is a schematic elevational view of the
digital camera 300 mounted to a major lower surface of a
printed circuit board 720. The support 320 is disposed in a
through hole defined by the printed circuit board. A bump
bond 752 connects one or more pads on a major lower
surface of the image device 520 to pads on the major upper
surface of the printed circuit board 720.

[0513] In some embodiments, the manufacture of the
optical stacks, and image sensors are done on a single wafer,
fabricated on separate wafers (perhaps up to two wafers: one
for the IC, and one for optics) and bonded together at the
wafer level. It is also possible to use pick and place methods
and apparatus to attach the optical assemblies to the wafer
IC, or the image sensor die and other assemblies can be
assembled individually.

[0514] In embodiments that employ MEMS, manufacture
of the optical stacks, MEMs and image sensors may be done
on a single wafer, fabricated on separate wafers (perhaps up
to three wafers: one for the IC, one for MEMs and one for
optics) and bonded together at the wafer level. It is also
possible to use pick and place methods and apparatus to
attach the optical assemblies and MEMs to the wafer IC, or
the image sensor die and other assemblies (MEMs and
optical stack) can be assembled individually.

[0515] FIG. 34 is a schematic cross section view of a
support that may be employed to support one or more lenses
having three lens elements, e.g., lenses 410, 430 (FIGS.
11A-11B, 13A-13B), and to position such lenses in regis-
tration with a respective sensor array, at least in part, in
accordance with another embodiment of the present inven-
tion. In this embodiment, the support 320 defines one or
more support portions, e.g., four support portions 600A-
600D, each of which supports and/or helps position a
respective one of the one or more optics portions.

[0516] Insomeembodiments, the support may also help to
limit, minimize and/or eliminate light “cross talk” between
the camera channels and/or may also help to limit, minimize
and/or eliminate “entry” of light from outside the digital
camera apparatus.

[0517] Each of the support portions 600A-600D defines an
aperture 616 and a plurality of seats 618-1 to 618-3. More
particularly, support portion 600A defines an aperture 616A
and seats 618-1A to 618-3C. Support portion 600B defines
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an aperture 616B and seats 618-1B to 618-3B. Support
portion 600C defines an aperture 616C and seats 618-1C to
618-3C. Support portion 600D defines an aperture 616D and
seats 618-1D to 618-3D. Referring for example, to support
portion 600A, the aperture 616A defines a passage for the
transmission of light for the respective camera channel. Each
of the plurality of seats 618-1A to 618-3A is adapted to
receive a respective one of the lenslets of the respective
optics portion (or portion thereof) and to support and/or
position the respective lenslet, at least in part. In this regard,
each of the seats 618-1A to 618-3A may include one or more
surfaces (e.g., surfaces 620-1A to 620-3A, respectively, and
surfaces 622-1A to 622-3A, respectively) adapted to abut
one or more surfaces of the respective lenslet to support
and/or position the lenslet, at least in part, relative to the
support portion and/or one or more of the sensor arrays
310A-310D. In this embodiment, each of the surfaces 620-
1A to 620-3A is disposed about the perimeter of the respec-
tive lenslet to support and help position such lenslet in the
x direction and the y direction). Each of the surfaces 622-1A
to 622-3A (sometimes referred to herein as “stop™ surface)
positions or helps position the respective lenslet in the z
direction.

[0518] The positions and/or orientations of the stop sur-
faces 622-1A to 622-3A may be adapted to position the
respective lenslet at a specific distance (or range of distance)
and/or orientation with respect to the respective sensor array.
In this regard, the seats 618-1A to 618-3A control the depth
at which each of the lenslets is positioned (e.g., seated)
within the support. The depth may be different for each
lenslet and is based, at least in part, on the focal length of the
lens. For example, if a camera channel is dedicated to a
specific color (or band of colors), the lens or lenses for that
camera channel may have a focal length specifically adapted
to the color (or band of colors) to which the camera channel
is dedicated. If each camera channels is dedicated to a
different color (or band of colors) than the other camera
channels, then each of the lenses may have a different focal
length, for example, to tailor the lens to the respective sensor
array, and each of the seats have a different depth.

[0519] In this embodiment, each of the support portions
includes an elongated portion adapted to help position the
respective optics portions at a desired distance from the
respective sensor arrays. In this embodiment, the elongated
portions extend in an axial direction and define walls 760,
which in turn define the lower portions of apertures, respec-
tively, which help limit, minimize and/or eliminate light
“cross talk” between the camera channels and help limit,
minimize and/or eliminate “entry” of light from outside the
digital camera apparatus.

[0520] In some embodiments, the a spacer is provided,
separately fabricated from the support portions and adapted
to be disposed between the support portions and the one or
more sensor arrays to help position the one or more optics
portions at a desired distance from the one or more sensor
arrays. In some of such embodiments, the spacer and support
collectively define one or more passages for transmission of
light, help to limit, minimize and/or eliminate light “cross
talk” between the camera channels and/or help to limit,
minimize and/or eliminate “entry” of light from outside the
digital camera apparatus.

[0521] The support 320 may comprise any type of mate-
rial(s) and may have any configuration and/or construction.
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In some embodiments, for example, the support 320 com-
prises silicon, semiconductor, glass, ceramic, plastic, or
metallic materials and/or a combination thereof. If the
support 320 has more than one portion, such portions may
be fabricated separate from one another, integral with one
another and/or any combination thereof. If the support
defines more than one support portion, each of such support
portions, e.g., support portions 600A-600D, may be coupled
to one, some or all of the other support portions, as shown,
or completely isolated from the other support portions.

[0522] The support 320 may be a solid device that may
offer a wide range of options for manufacturing and mate-
rial, however other forms of devices may also be employed.
In some embodiments, for example, the support 320 com-
prises a plate (e.g., a thin plate) that defines the support and
one or more support portions, with the apertures and seats
being formed by machining (e.g., boring) or any other
suitable manner. In some other embodiments, the support
320 is fabricated as a casting with the apertures defined
therein (e.g., using a mold with projections that define the
apertures and seats of the one or more support portions).

[0523] Each optics portion, e.g., optics portions 330A-
330D, may be secured in the respective seats in any suitable
manner, for example, but not limited to, mechanically (e.g.,
press fit, physical stops), chemically (e.g., adhesive), elec-
tronically (e.g., electronic bonding) and/or any combination
thereof. In some embodiments, each of the seats 618-1A to
618C-3A has dimensions adapted to provide a press fit for
the respective lenslets.

[0524] Notably, the lenslets of the optics portions may be
assembled into the support in any suitable manner.

[0525] FIGS. 35A-35C show one embodiment for assem-
bling the lenslets of the optics portions in the support.
Referring to FIG. 35A, in this embodiment, the support 320
is turned upside down and the bottom lenslets 410C, 430C
of each lens 410, 430, respectively, is inserted into the
bottom of a respective aperture, seated in a respective seat
618-3 and affixed thereto, if desired. Referring to FIG. 35B,
the support 320 is thereafter turned right side up and the
middle lenslet 410B, 430B, of each lens 410, 430, respec-
tively, is inserted into the top of the respective aperture,
seated in a respective seat 618-2 and affixed thereto, if
desired. Referring to FIG. 35C, thereafter, the top lenslet
410A, 430A, of each lens 410, 430, respectively, is inserted
into the top of the respective aperture, seated in a respective
seat 618-1 and affixed thereto, if desired. In some embodi-
ments, the top lenslet and the middle lenslet are built into
one assembly, and inserted together.

[0526] In this particularly embodiment, it may be advan-
tageous to insert the bottom lenslet through a bottom portion
of the aperture because the stop surface for the bottom
lenslet faces toward the bottom of the aperture. Similarly, it
may be advantageous to insert the top lenslet and the middle
lenslet through a top portion of the aperture because the stop
surface for the top lenslet and the stop surface for the middle
lenslet each face toward the top portion of the aperture.

[0527] 1t should be understood however, that any suitable
configuration may be employed. In some embodiments, for
example, the stop surface for the middle lenslet may face
toward the bottom portion of the aperture, such that the
middle lenslet may be inserted into the support portion
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through the bottom portion of the aperture, e.g., prior to
inserting the bottom lenslet into the support. In some other
embodiments, each of the stop surfaces may face in one
direction, such that all of the lenslets are inserted through the
same portion of the aperture.

[0528] In some embodiments, the lens and support are
manufactured as a single molded component. In some
embodiments the lens may be manufactured with tabs that
may be used to form the support.

[0529] In some embodiments, the support 320 is coupled
and/or affixed directly or indirectly, to the image device. For
example, the support 320 may be directly coupled and
affixed to the image device (e.g., using adhesive) or indi-
rectly coupled and/or or affixed to the image device via an
intermediate support member (not shown).

[0530] The x and y dimensions of the support 320 may be,
for example, approximately the same (in one or more
dimensions) as the image device, approximately the same
(in one or more dimensions) as the arrangement of the optics
portions 330A-330D and/or approximately the same (in one
or more dimensions) as the arrangement of the sensor arrays
310A-310D. One advantage of such dimensioning is that it
helps keep the x and y dimensions of the digital camera
apparatus as small as possible.

[0531] In some embodiments the support may have
dimensions similar to one or more of the dimensions of the
embodiment of the support shown in FIGS. 28A-28D.

[0532] FIG. 36 is a schematic cross-sectional view of a
digital camera apparatus 300 and a printed circuit board 720
of a digital camera on which the digital camera apparatus
300 may be mounted, in accordance with another embodi-
ment of the present invention. This embodiment is similar to
the embodiment of the digital camera apparatus and printed
circuit board shown in FIG. 32 except that this embodiment
employs the support 320 and lens elements 410, 430 shown
in FIGS. 35A-35C.

[0533] Insomeembodiments, the digital camera apparatus
300 has dimensions of about 2.5 mmx6 mmx6 mm. For
example, the thickness may be equal to about 2.5 mm, the
length may be equal to about 6 mm and the width may be
equal to about 6 mm. In some of such embodiments, the
digital camera apparatus has one or more sensor arrays
having a total of 1.3 M pixels, although other configurations
may be employed (e.g., different thickness, width, length
and number of pixels).

[0534] The digital camera apparatus 300 may be
assembled and mounted to the printed circuit board in any
manner. In some embodiments, the digital camera apparatus
is assembled and mounted to the printed circuit board 720 in
a manner that is similar to that set forth above for the
embodiment of the digital camera apparatus 300 and printed
circuit board shown 720 in FIGS. 33A-33F, except that the
bottom lenslets 410C, 430C, may be seated in and affixed to
the support, if desired, prior to positioning the support on the
second bond layer. The middle and top lenslets of the lenses,
respectively, may be seated in and affixed to the support, if
desired, after the support is positioned on the second bond
layer 724.

[0535] FIG. 37, is a schematic cross section view of an
alternative support 320 that may be employed to support the
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lenses 410, 430 of FIGS. 11A-11B, 13A-13B and to position
such lenses in registration with a respective sensor array, at
least in part, in accordance with another embodiment of the
present invention. The support 320 in this embodiment is
similar to the embodiment of the support 320 shown in FIG.
34 except that the support 320 in this embodiment defines
outer walls 760A-760D that are wider than outer walls
760A-760D defined by the embodiment of the support
shown in FIG. 34.

[0536] Each optics portion, e.g., optics portions 330A-
330S, may be assembled in and secured in the respective
seats in any suitable manner, for example, but not limited to,
in the manner set forth above with respect to the embodi-
ment of the support and optics portions shown in FIGS.
35A-35C.

[0537] FIG. 38, is a schematic cross section view of an
alternative support 320 that may be employed to support the
lenses 410, 430 of FIGS. 11A-11B, 13A-13B and to position
such lenses in registration with a respective sensor array, at
least in part, in accordance with another embodiment of the
present invention. The support 320 in this embodiment is
similar to the embodiment of the support 320 shown in FIG.
34 except that the support 320 in this embodiment defines
outer and inner walls 760A-760D that are wider than outer
and inner walls 760A-760D defined by the embodiment of
the support 320 shown in FIG. 34.

[0538] Each optics portion may be assembled in and
secured in the respective seats in any suitable manner, for
example, but not limited to, in the manner set forth above
with respect to the embodiment of the support and optics
portions shown in FIGS. 35A-35C.

[0539] FIG. 39 is a schematic cross-sectional view of a
digital camera apparatus 300 and a printed circuit board 720
of a digital camera on which the digital camera apparatus
300 may be mounted, in accordance with another embodi-
ment of the present invention. This embodiment is similar to
the embodiment of the digital camera apparatus 300 and
printed circuit board 720 shown in FIG. 36 except that this
embodiment employs the support 320 and lens elements
410, 430 shown in FIG. 37.

[0540] The digital camera apparatus may be assembled
and mounted to the printed circuit board in any manner. In
some embodiments, for example, the digital camera appa-
ratus is assembled and mounted to the printed circuit board
in a manner that is similar to that set forth for the embodi-
ment of the digital camera apparatus and printed circuit
board shown in FIG. 36.

[0541] FIG. 40 is a schematic cross-sectional view of a
digital camera apparatus 300 and a printed circuit board 720
of a digital camera on which the digital camera apparatus
300 may be mounted, in accordance with another embodi-
ment of the present invention. This embodiment is similar to
the embodiment of the digital camera apparatus 300 and
printed circuit board shown in FIG. 36 except that this
embodiment employs the support 320 and lens elements
410, 430 shown in FIG. 38.

[0542] The digital camera apparatus 300 may be
assembled and mounted to the printed circuit board 720 in
any manner. In some embodiments, for example, the digital
camera apparatus 300 is assembled and mounted to the
printed circuit board 720 in a manner that is similar to that
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set forth for the embodiment of the digital camera apparatus
300 and printed circuit board 720 shown in FIG. 36.

[0543] FIGS. 41A-41D, are schematic cross sectional
views of seating configurations 770-776 that may be used in
supporting and positioning the lenses of FIGS. 15A-15B,
15D-15E, respectively, in accordance with further embodi-
ments.

[0544] In the seating configuration shown in FIG. 41A,
the top lenslet 450A, middle lenslet 450B and bottom lenslet
450C are each inserted through a bottom portion of an
aperture (or through a top portion of an aperture) one at a
time, as an assembly, or a combination thereof.

[0545] In the seating configuration of FIG. 41B, the top
lenslet 452A, middle lenslet 452B and bottom lenslet 452C
are each inserted through a top portion of an aperture (or
through a bottom portion of an aperture), one at a time, as
an assembly, or a combination thereof.

[0546] In the seating configuration of FIG. 41C, the top
lenslet 456A may be inserted, for example, through a top
portion of an aperture. The middle lenslet 456B and the
bottom lenslet 456C may be inserted, for example, through
a bottom portion of an aperture, one at a time, or alterna-
tively, the middle lenslet and the bottom lenslet may be built
into one assembly, and inserted together.

[0547] In the seating configuration of FIG. 41D, the
middle lenslet 458B and the top lenslet 458A are inserted
through a top portion of an aperture, one at a time, or
alternatively, the middle lenslet 458B and the top lenslet
458A may be built into one assembly, and inserted together.
The bottom lenslet 458C is inserted through a bottom
portion of an aperture.

[0548] As with each of the embodiments disclosed herein,
these embodiments may be employed alone or in combina-
tion with one or more of the other embodiments (or portions
thereof) disclosed and illustrated herein.

[0549] In that regard, FIGS. 42-44 are schematic cross
section views of supports 32 that employ the seating con-
figurations of FIGS. 41B-41D, respectively, to support the
lens 452A-452C, 456 A-456C, 458 A-458C, shown in FIGS.
15B-15D, respectively, and to position such lens in regis-
tration with a respective sensor array, at least in part, in
accordance with further embodiments.

[0550] In that regard, FIGS. 42-44 are schematic cross
section views of supports that employ the seating configu-
rations of FIGS. 41B-41D, respectively, to support the lens
452A-452C shown in FIGS. 15B-15D, respectively, and to
position such lens in registration with a respective sensor
array, at least in part, in accordance with further embodi-
ments.

[0551] FIG. 45 is a schematic cross-sectional view of a
digital camera apparatus 300 and a printed circuit board 720
of a digital camera on which the digital camera apparatus
300 may be mounted, in accordance with another embodi-
ment of the present invention. This embodiment is similar to
the embodiment of digital camera apparatus 300 and the
printed circuit board shown in FIG. 36 except this embodi-
ment employs support 320 and lens elements shown in FIG.
42.

[0552] The digital camera apparatus 300 may be
assembled and mounted to the printed circuit board in any
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manner. In some embodiments, for example, the digital
camera apparatus is assembled 300 and mounted to the
printed circuit board 720 in a manner that is similar to that
set forth for the embodiment of the digital camera apparatus
and printed circuit board shown in FIG. 36, although it may
be advantageous to assemble the lenslets into the support
using a manner similar to the manner set forth above for the
seating configuration shown in FIG. 41B.

[0553] FIG. 46 is a schematic cross-sectional view of
digital camera apparatus 300 and printed circuit board 720
of a digital camera on which digital camera apparatus 300
may be mounted, in accordance with another embodiment of
the present invention. This embodiment is similar to the
embodiment of the digital camera apparatus and printed
circuit board shown in FIG. 36 except this embodiment
employs the support and lens elements shown in FIG. 43.

[0554] The digital camera apparatus 300 may be
assembled and mounted to the printed circuit board 720 in
any manner. In some embodiments, for example, the digital
camera apparatus 300 is assembled and mounted to the
printed circuit board in a manner that is similar to that set
forth for the embodiment of the digital camera apparatus and
printed circuit board shown in FIG. 36, although it may be
advantageous to assemble the lenslets into the support using
a manner similar to the manner set forth above for the
seating configuration shown in FIG. 41C.

[0555] FIG. 47 is a schematic cross-sectional view of a
digital camera apparatus 300 and a printed circuit board 720
of a digital camera on which the digital camera apparatus
720 may be mounted, in accordance with another embodi-
ment of the present invention. This embodiment is similar to
the embodiment of the digital camera apparatus 300 and
printed circuit board 720 shown in FIG. 36 except that this
embodiment employs the support and lens elements shown
in FIG. 44.

[0556] The digital camera apparatus 300 may be
assembled and mounted to the printed circuit board 720 in
any manner. In some embodiments, for example, the digital
camera apparatus 300 is assembled and mounted to the
printed circuit board 720 in a manner that is similar to that
set forth for the embodiment of the digital camera apparatus
and printed circuit board shown in FIG. 36, although it may
be advantageous to assemble the lenslets into the support
using a manner similar to the manner set forth above for the
seating configuration shown in FIG. 41D.

[0557] Insome embodiments, the digital camera apparatus
300 includes one or more additional structures and/or
devices, for example, but not limited to, one or more
additional integrated circuits, one or more output devices
and/or one or more input devices. The one or more output
devices may include any type or types of output devices, for
example, but not limited to one or more display devices, one
or more speakers and/or any combination thereof. The one
or more input devices may include any type or types of input
devices, for example, but not limited to one or more micro-
phones. The additional structures and/or devices may be
disposed, in any suitable location, for example, but not
limited to, adjacent to the image device.

[0558] The additional structures and/or devices may com-
prise any type of material(s) and may have any configuration
and/or construction. In some embodiments, for example, the
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additional structures and/or devices may comprise silicon,
semiconductor, glass, ceramic, plastic, or metallic materials
and/or a combination thereof. The one or more additional
structures and/or devices may be fabricated separate from
one another, integral with one another and/or any combina-
tion thereof. The one or more additional structures and/or
devices may be fabricated separate from the camera chan-
nels, integral with the camera channels and/or any combi-
nation thereof. The one or more additional structures and/or
devices may or may not be physically connected to the
processor, the one or more camera channels or any portions
thereof. The one or more additional structures and/or devices
may or may not be electrically connected to the processor
and/or one or more camera channels or portions thereof.

[0559] FIG. 48 is a schematic representation of a digital
camera apparatus 300 that includes a second device 780 in
accordance with another embodiment of the present inven-
tion. The second device 780 may comprise, for example, but
is not limited to, an integrated circuit including any type of
circuit or circuits, for example, but not limited to, one or
more portions of the processor, one or more portions of a
memory or an additional memory, one or more portions of
the processor (e.g., one or more portions of a post processor)
and/or any other types of circuits.

[0560] For example, in some embodiments, the digital
camera apparatus 300 includes a memory section that is
supplied with and/or stores one, some or all of the images
and/or other information generated or used by the digital
camera apparatus and/or or any other information from any
source and desired to be stored for any duration. The
memory section may supply one or more of such images
and/or such other information to one or more other devices
and/or to one or more portions of the processor, for example,
to be further processed and/or to be supplied to one or more
other devices. The memory section may be integrated into or
disposed on (for example, as a discrete component) the same
or different substrate as one some or all of the sensor arrays.
The memory section may be, for example, part of or
integrated into the processor (which may be integrated into
or disposed on (for example, as a discrete component) the
same or different substrate as one some or all of the sensor
arrays) and/or coupled to one or more portions of the
processor via one or more communication links. In some
embodiments, the memory section is also coupled to one or
more other devices via one or more communication links. In
such embodiments, the memory section may supply one or
more of the stored images and/or other information to one or
more of the one or more other devices, directly (i.e., without
passing through the any other portion of the processor) via
one or more of the one or more communication links,
although this is not required.

[0561] The second device 780 may be disposed in any
suitable location or locations. However, in some embodi-
ments, the second device 780 is disposed generally adjacent
to or in the vicinity of an associated image device, e.g.,
image device 520, or associated processor.

[0562] The circuit or circuits of the second device 780
may be connected, e.g., via one or more communication
links, to one or more portions of the processor 340, one or
more of the camera channels, one or more other devices
and/or any combination thereof. In some embodiments, the
one or more communication links include one or more pads
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on the image device and the second device 780 and one or
more electrical connectors having one or more electrically
conductive members connecting one or more of the pads on
the image device to one or more of the pads on the second
device. In some embodiments, the one or more communi-
cation links include one or more bump bonds that electri-
cally connect one or more circuits on the image device to
one or more circuits on the second device.

[0563] The second device 780 may have any size and
shape and may or may not have the same configuration as
the image device. In some embodiments, the second device
780 has a length and a width that are less than or equal to the
length and width, respectively of the optical assembly, the
sensor subassembly and/or the image device. In some other
embodiments, the second device 780 has a length or a width
that is greater than the length or width, respectively of the
optical assembly, the sensor subassembly and/or the image
device.

[0564] Although the processor is shown separate from the
image device and second device, it should be understood
that the processor may have any configuration and that the
processor, or portions thereof, may be disposed in any
location or locations. In some embodiments, one, some or all
portions of the processor are disposed on or integrated into
the image device. In some embodiments one, some or all
portions of the processor are disposed on or integrated into
the second device. In some of such embodiments one or
more portions of the processor are disposed on the image
device and one or more portions of the processor are
disposed on or integrated into the second device. For
example, certain operations of the processor may be distrib-
uted 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.

[0565] Insome embodiments, the digital camera apparatus
may further include one or more addition integrated circuits
devices, e.g., a third integrated circuit device (not shown).
The one or more additional integrated circuits device may
have any size and shape and may or may not have the same
configuration as one another, the image device or the second
device. In some embodiments, the third integrated circuit
device has a length and a width that are equal to the length
and width, respectively of the optical assembly, the sensor
subassembly and/or the image device. In some other
embodiments, the third integrated circuit device has a length
or a width that is greater than or less than the length or width,
respectively of the optical subassembly, the sensor subas-
sembly and/or the image device.

[0566] FIG. 49 is a schematic cross-sectional view of a
digital camera apparatus 300 and a printed circuit board 720
of a digital camera on which the digital camera apparatus
may be mounted, in accordance with another embodiment of
the present invention. This embodiment is similar to the
embodiment of the digital camera apparatus and printed
circuit board shown in FIG. 36 except that this embodiment
includes a second device 780 such as, for example, as shown
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in FIG. 48. The second device 780 is disposed superjacent
a third bond layer 782, which is disposed superjacent the
printed circuit board.

[0567] The third bond layer 782 may comprise any suit-
able material(s), for example, but not limited to adhesive,
and may comprise any suitable configuration. The third bond
layer 782 may comprise the same material(s) as the first
and/or second bond layers 722, 724, although this is not
required.

[0568] Insomeembodiments, the digital camera apparatus
300 has dimensions of about 2.5 mmx6 mmx6 mm. For
example, the thickness may be equal to about 2.5 mm, the
length may be equal to about 6 mm and the width may be
equal to about 6 mm. In some of such embodiments, the
digital camera apparatus has one or more sensor arrays
having a total of 1.3 M pixels, although other configurations
may be employed (e.g., different thickness, width, length
and number of pixels).

[0569] The digital camera apparatus 300 may be
assembled and/or mounted in any manner. FIGS. 50A-50F
shows one such embodiment for assembling and mounting
the digital camera apparatus. Referring to FIG. 50A, ini-
tially, the second device is provided. Referring to FIG. 50B,
a bond layer 724 is provided on one or more regions of one
or more surfaces of the second device. Such regions define
one or more mounting regions for the image device. Refer-
ring to FIG. 50C, the image device 520 is thereafter
positioned on the bond layer 724. In some embodiments,
force may be applied to help drive any trapped air out from
between the image device 520 and second device 780. In
some embodiments, heat and/or force may be applied to
provide conditions to activate and/or cure the bond layer to
form a bond between the image device and the second
device. Referring to FIG. 50D, a bond layer 722 is provided
on one or more regions of one or more surfaces of the image
device 520. Such regions define one or more mounting
regions for the support 320. Referring to FIG. 50E, the
support 320 is thereafter positioned on the bond layer 722.
In some embodiments, force may be applied to help drive
any trapped air out from between the image device 520 and
support 320. In some embodiments, heat and/or force may
be applied to provide conditions to activate and/or cure the
bond layer to form a bond between the image device and the
support. Referring to FIG. 50F, one or more optics portions,
e.g., optics portions 330A-330D may thereafter be seated in
and/or affixed to the support 320. Referring to FIG. 50G, a
bond layer 782 is provided on one or more regions of one or
more surfaces of the printed circuit board 720. Such regions
define one or more mounting regions for the digital camera
apparatus 300. Referring to FIG. 50H, the digital camera
apparatus is thereafter positioned on the bond layer 782. One
or more electrical conductors 750 may be installed to
connect one or more of the pads 742 on the image device 520
to one or more pads on the circuit board 732. One or more
electrical conductors 790 may be installed to connect one or
more of the pads on the image device 792 to one or more
pads on the second device 794.

[0570] FIG. 51 is a schematic representation of an exem-
plary digital camera apparatus, digital camera apparatus 300
includes a spacer 800 disposed between the support 320 and
the image device 520, in accordance with another embodi-
ment of the present invention. In some embodiments, the
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spacer 800 helps position the optics portions, e.g., optics
portions 330A-330D, at the respective desired distance or
distances from the respective sensor arrays, e.g., 310A-
310D, respectively. In this embodiment, the spacer 800
extend in an axial direction and defines walls 802, which
define apertures, e.g., apertures 804-804D (e.g., for camera
channels 350A-350D, respectively), for transmission of
light, to help limit, minimize and/or eliminate light “cross
talk” between the camera channels and to help limit, mini-
mize and/or eliminate “entry” of light from outside the
digital camera apparatus.

[0571] The spacer 800 may comprise any type of materi-
al(s) and may have any configuration and/or construction. In
some embodiments, for example, the spacer 800 comprises
silicon, semiconductor, glass, ceramic, plastic, or metallic
materials and/or a combination thereof. If the spacer has
more than one portion, such portions may be fabricated
separate from one another, integral with one another and/or
any combination thereof.

[0572] The spacer 800 may be fabricated separately from
and/or integral with the support 320 or support portions
600A-600D.

[0573] The spacer 800 may be a solid device that may
offer a wide range of options for manufacturing and mate-
rial, however other forms of devices may also be employed.
In some embodiments, for example, the spacer comprises a
plate (e.g., a thin plate) that defines the walls and apertures
of the spacer. Apertures, e.g. apertures 804A-804D, may be
formed by machining (e.g., boring) or any other suitable
manner. In some embodiments, the spacer is fabricated as a
casting with the apertures defined therein (e.g., using a mold
with projections that define the apertures and seats of the one
or more support portions of the spacer).

[0574] Although the processor is shown separate from the
image device, it should be understood that the processor may
have any configuration and that the processor, or portions
thereof, may be disposed in any location or locations. In
some embodiments, one, some or all portions of the pro-
cessor are disposed on the image device.

[0575] As with each of the embodiments of the present
invention, this embodiment may be employed alone or in
combination with one or more of the other embodiments
disclosed herein, or portions thereof.

[0576] FIG. 52 is a schematic representation of a digital
camera apparatus 300 that includes a spacer 800 disposed
between the support 320 and the image device 520, in
accordance with another embodiment of the present inven-
tion. This embodiment of the spacer 800 is similar to the
embodiment of the spacer 500 shown in FIG. 51 except that
the spacer 800 in this embodiment defines only one aperture
804 for transmission of light and may not help limit,
minimize and/or eliminate light “cross talk” between the
camera channels, e.g., camera channels 350A-350D.

[0577] FIG. 53 is a schematic cross-sectional view of a
digital camera apparatus 300 and a printed circuit board 720
of a digital camera on which the digital camera apparatus
300 may be mounted, in accordance with another embodi-
ment of the present invention. This embodiment is similar to
the embodiment of the digital camera apparatus and printed
circuit board shown in FIG. 36 except that this embodiment
includes a spacer 800 such as, for example, as shown in FIG.
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51. The spacer 800 is disposed superjacent a bond layer 782,
which is disposed superjacent the image device 520.

[0578] The bond layer 782 may comprise any suitable
material(s), for example, but not limited to adhesive, and
may comprise any suitable configuration. The bond layer
may comprise the same material(s) as other bond layers
although this is not required.

[0579] Insome embodiments, the digital camera apparatus
has dimensions of about 2.5 mmx6 mmx6 mm. For
example, the thickness may be equal to about 2.5 mm, the
length may be equal to about 6 mm and the width may be
equal to about 6 mm. In some of such embodiments, the
digital camera apparatus has one or more sensor arrays
having a total of 1.3 M pixels, although other configurations
may be employed (e.g., different thickness, width, length
and number of pixels).

[0580] The digital camera apparatus may be assembled
and mounted in any manner. FIGS. 54A-54F shows one
such embodiment for assembling and mounting the digital
camera apparatus 300. Referring to FIG. 54A, initially, the
image device 520 is provided. Referring to FIG. 54B, a
bond layer 782 is provided on one or more regions of one or
more surfaces of the image device. Such regions define one
or more mounting regions for the spacer 800. Referring to
FIG. 54C, the spacer 800 is thereafter positioned on the
bond layer 782. In some embodiments, force may be applied
to help drive any trapped air out from between the spacer
800 and the image device 520. In some embodiments, heat
and/or force may be applied to provide conditions to activate
and/or cure the bond layer to form a bond between the spacer
and the image device. Referring to FIGS. 54D-54E, a bond
layer 722 is provided on one or more regions of one or more
surfaces of the spacer 800. Such regions define one or more
mounting regions for the one or more support portions of the
support 320, which is thereafter positioned on the bond layer
722. In some embodiments, force may be applied to help
drive any trapped air out from between the spacer 800 and
the one or more support portions of the support 320. In some
embodiments, heat and/or force may be applied to provide
conditions to activate and/or cure the bond layer to form a
bond between the spacer and the one or more support
portions of the support. Referring to FIG. 54F, one or more
optics portions, e.g., optics portions 330A-330D may there-
after be seated in and/or affixed to the support 320. Referring
to FIG. 54G, a bond layer 724 is provided on one or more
regions of one or more surfaces of the printed circuit board
720. Such regions define one or more mounting regions for
the digital camera apparatus 300. Referring to FIG. 54H, the
digital camera apparatus is thereafter positioned on the bond
layer 724. One or more electrical conductors 750 may be
installed to connect one or more of the pads 742 on the
image device to one or more pads 732 on the circuit board.

[0581] As with each of the embodiments of the present
invention, this embodiment may be employed alone or in
combination with one or more of the other embodiments
disclosed herein, or portions thereof.

[0582] Forexample, FIG. 55 is a schematic representation
of a digital camera apparatus 300 that includes a second
device and a spacer 800, in accordance with another embodi-
ment of the present invention.

[0583] Although the processor is shown separate from the
image device and second device, it should be understood
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that the processor 340 may have any configuration and that
the processor, or portions thereof, may be disposed in any
location or locations. In some embodiments, one, some or all
portions of the processor are disposed on the image device.
In some embodiments one, some or all portions of the
processor are disposed on the second device. In some of
such embodiments one or more portions of the processor are
disposed on the image device and one or more portions of
the processor are disposed on the second device.

[0584] FIG. 56 is a schematic cross-sectional view of a
digital camera apparatus 300 and a printed circuit board 720
of a digital camera on which the digital camera apparatus
may be mounted, in accordance with another embodiment of
the present invention. This embodiment is similar to the
embodiment of the digital camera apparatus and printed
circuit board shown in FIG. 53 except that this embodiment
includes a second device 780. The second device 800 is
disposed superjacent a bond layer 808, which is disposed
superjacent printed circuit board 720.

[0585] The bond layer 808 may comprise any suitable
material(s), for example, but not limited to adhesive, and
may comprise any suitable configuration. The bond layer
may comprise the same material(s) as other bond layers
although this is not required.

[0586] Insome embodiments, the digital camera apparatus
has dimensions of about 2.5 mmx6 mmx6 mm. For
example, the thickness may be equal to about 2.5 mm, the
length may be equal to about 6 mm and the width may be
equal to about 6 mm. In some of such embodiments, the
digital camera apparatus has one or more sensor arrays
having a total of 1.3 M pixels, although other configurations
may be employed (e.g., different thickness, width, length
and number of pixels).

[0587] The digital camera apparatus 300 may be
assembled and mounted in any manner. FIGS. 57A-57F
shows one such embodiment for assembling and mounting
the digital camera apparatus. Referring to FIG. 57A, ini-
tially, the second device 780 is provided. Referring to FIG.
57B, a bond layer 724 is provided on one or more regions
of one or more surfaces of the second device 780. Such
regions define one or more mounting regions for the image
device 520. Referring to FIG. 57C, the image device is
thereafter positioned on the bond layer 724. In some
embodiments, force may be applied to help drive any
trapped air out from between the image device and second
device 780. In some embodiments, heat and/or force may be
applied to provide conditions to activate and/or cure the
bond layer to form a bond between the image device and the
second device 780. Referring to FIG. 57D, a bond layer 782
is provided on one or more regions of one or more surfaces
of the image device. Such regions define one or more
mounting regions for the spacer 800. Referring to FIG. 57E,
the spacer 800 is thereafter positioned on the bond layer 782.
In some embodiments, force may be applied to help drive
any trapped air out from between the spacer and the image
device. In some embodiments, heat and/or force may be
applied to provide conditions to activate and/or cure the
bond layer to form a bond between the spacer and the image
device. Referring to FIGS. 54E-54G, a bond layer 722 is
provided on one or more regions of one or more surfaces of
the spacer 800. Such regions define one or more mounting
regions for the one or more support portions of the support
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320, which is thereafter positioned on the bond layer 722. In
some embodiments, force may be applied to help drive any
trapped air out from between the spacer and the one or more
support portions of the support 320. In some embodiments,
heat and/or force may be applied to provide conditions to
activate and/or cure the bond layer to form a bond between
the spacer 800 and the one or more support portions of the
support 320. One or more optics portions, e.g., optics
portions 330A-330D may thereafter be seated in and/or
affixed to the support. Referring to FIG. 57G, a bond layer
808 is provided on one or more regions of one or more
surfaces of the printed circuit board 720. Such regions define
one or more mounting regions for the digital camera appa-
ratus 300. Referring to FIG. 57H, the digital camera appa-
ratus is thereafter positioned on the bond layer 782. One or
more electrical conductors 750 may be installed to connect
one or more of the pads 742 on the image device to one or
more pads on the circuit board 732. One or more electrical
conductors 790 may be installed to connect one or more of
the pads 742 on the image device to one or more pads on the
second device 780.

[0588] As stated above, each of the embodiments dis-
closed herein may be employed alone or in combination
with one or more of the other embodiments disclosed herein,
or portions thereof.

[0589] For example, in some embodiments, one or more of
the supports shown in FIGS. 37-38 and 42-44 are employed
in one or more of the embodiments of the digital camera
apparatus shown in FIGS. 48-57.

[0590] For example, FIGS. 58-62 are schematic cross-
sectional views of a digital camera apparatus and a printed
circuit board of a digital camera on which the digital camera
apparatus may be mounted, in accordance with further
embodiments of the present invention. These embodiments
are similar to the embodiment of the digital camera appa-
ratus and printed circuit board shown in FIG. 49 except that
the support and the optics portions have configurations
similar to the support and optics portions shown in FIGS.
37-38, 42-44, respectively.

[0591] FIGS. 63-67 are schematic cross-sectional views
of a digital camera apparatus and a printed circuit board of
a digital camera on which the digital camera apparatus may
be mounted, in accordance with further embodiments of the
present invention. These embodiments are similar to the
embodiment of the digital camera apparatus and printed
circuit board shown in FIG. 53 except that the support and
the optics portions have configurations similar to the support
and optics portions shown in FIGS. 37-38, 42-44, respec-
tively.

[0592] Insome embodiments herein, one or more electri-
cal or electro mechanical devices are disposed in or on a
support and/or spacer. In some of such embodiment, one or
more electrical conductors may connect one or more of such
devices to one or more circuits on the image device and/or
another device, for example, to provide power, control
signals and/or data signals to and/or from one or more of
such device. One or more of such electrical conductors may
be in the form of an electrical connector, although this is not
required. The electrical conductors may be disposed on one
or more outside surface and/or may extend through one or
more portion of one or more portions of the digital camera
apparatus, e.g., a support, a spacer, an image device, if
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present, or combinations thereof. For example, in some
embodiments, one or more electrical conductors, e.g., con-
ductors 810, 812 (FIGS. 63-72) are provided and extend
over one or more surfaces of, or through one or more
portions of, a support (e.g., over or through one or more
support portions, ¢.g., 600A-600D) and/or spacer (e.g., over
or through one or more walls, e.g., walls 602) so as to
connect to one or more circuits on or in the image device or
another device.

[0593] FIGS. 68-72 are schematic cross-sectional views
of a digital camera subsystem and a printed circuit board of
a digital camera on which the digital camera apparatus may
be mounted, in accordance with further embodiments of the
present invention. These embodiments are similar to the
embodiment of the digital camera apparatus and printed
circuit board shown in FIG. 56 except that the support and
the optics portions have configurations similar to the support
and optics portions shown in FIGS. 37-38, 42-44, respec-
tively.

[0594] FIGS. 73A-73B are schematic elevational and
cross sectional views, respectively, of a support in accor-
dance with another embodiment of the present invention. In
this embodiment, one or more of the support portions are
spaced apart from one another and/or isolated from one
another, e.g., by on or more clearances or spaces, e.g.,
clearance 816.

[0595] FIG. 74 is a schematic cross sectional view of a
support in accordance with another embodiment of the
present invention. In this embodiment, the support includes
one or more support portions disposed superjacent (e.g., on
or above) one or more other support portions. In some such
embodiments, the support portions may be spaced apart
from one another and/or isolated from one another in the z
direction, e.g., by clearances or spaces, e.g., clearance 816.

[0596] As stated above, it should be understood that each
of the embodiments described above may be used alone or
in combination with any other embodiment(s) or portion
thereof described herein or known to those of ordinary skill
in the art.

[0597] For example, in some embodiments the support is
adapted to receive one or more optics portions of a first size
and shape and one or more optics portions of a second size
and shape that is different than the first size and/or first
shape. In some embodiments, optics portions of further sizes
and shapes may also be received, e.g., a third size and shape,
a fourth size and shape, a fifth size and shape, etc.

[0598] Referring to FIG. 75, in some embodiments, one or
more of the supports disclosed herein is provided with one
or more curved portions, e.g., curved portions 818A-818D.
Such aspect may be advantageous, for example, in some
embodiments in which it is desired to reduce and/or mini-
mize the dimensions of the digital camera apparatus.

[0599] FIGS. 76A-76C are schematic views of a digital
camera apparatus that includes one or more output devices
820 in accordance with another embodiment of the present
invention. FIG. 76A is a schematic perspective view of one
embodiment of a digital camera apparatus that includes one
or more output devices. FIGS. 76B-76C are schematic front
and back perspective views, respectively, of an output
device 820 in accordance with one embodiment of the
present invention.
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[0600] In some embodiments, the one or more output
devices 820 are in the form of one or more display devices,
however, other types of output devices may also be
employed. In some embodiments, the one or more display
devices are in the form of one or more micro displays.

[0601] The one or more display devices may be disposed
in any suitable location or locations. In some embodiments,
it may be advantageous to collect light (for the one or more
camera channels) on one side of the digital camera assembly
and to provide one or more of the one or more output
displays, e.g., output display 820, on the other side of the
digital camera assembly. In the illustrated embodiment, the
digital camera apparatus has first and second sides generally
opposite one another. The one or more camera channels are
positioned to receive light through a first side of the digital
camera apparatus. One or more of the display devices are
positioned to transmit light (e.g., one or more display
images) from the second side of the digital camera appara-
tus. In some embodiments, such a configuration may make
it possible to provide a digital camera apparatus that is very
thin (e.g., in the z direction). Other configurations may also
be employed. In some embodiments, one or more of the
display devices is positioned generally adjacent to the image
device, although this is not required.

[0602] The one or more display devices may be connected
to the processor, one or more of the camera channels or any
combination thereof, via one or more communication links.
In some embodiments, the one or more communication links
include one or more pads on the image device and the one
or more display devices and one or more electrical connec-
tors having one or more electrically conductive members
connecting one or more of the pads on the image device to
one or more of the pads on the one or more display devices.
In some embodiments, the one or more communication links
include one or more bump bonds that electrically connect
one or more circuits on the image device to one or more
circuits on the one or more display devices.

[0603] The one or more display devices may have any size
and shape and may or may not have the same configuration
as one another (e.g., type, size, shape, resolution). In some
embodiments, one or more of the one or more display
devices has a length and a width that are less than or equal
to the length and width, respectively of the optical assembly,
the sensor subassembly and/or the image device. In some
embodiments, one or more of the one or more display
devices has a length or a width that is greater than the length
or width, respectively of the optical assembly, the sensor
subassembly and/or the image device. In some embodi-
ments, each of the camera channels is connected to its own
display device. In some other embodiments, two or more
camera channels, e.g., camera channels 350A-350B, are
connected to a first display and one or more of the other
camera channels, e.g., camera channel 350C-350D, is con-
nected to a second display. In some embodiments, one of the
one or more displays is connected to the processor to display
a combined image based at least in part on images from each
of the camera channels.

[0604] As with each of the embodiments disclosed herein,
the above embodiments may be employed alone or in
combination with one or more of the other embodiments
disclosed herein, or portions thereof.

[0605] Thus, in some embodiments, the digital camera
apparatus 300 further include a spacer 800 (see for example,
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FIG. 76D) and/or one or more electrical conductors 822 to
connect one or more circuits of the one or more output
devices, e.g., output device 820, to one or more circuits in
one or more other portions of the subsystem 300, one or
more circuits of a processor 340 that may be disposed on the
image device 520 (see for example, FIG. 76E).

[0606] Further, in some embodiments, the digital camera
apparatus may further include one or more illumination
devices and/or a support having one or more actuators (such
a support may comprise, for example, a frame having one or
more actuators) (e.g., MEMS actuators, for example, comb
type MEMS actuators) to move one or more of the optics
portions of the camera channels. In some of the latter
embodiments, the digital camera apparatus includes one or
more illumination devices and/or a support having one or
more actuators (such a support may comprise, for example,
a frame having one or more actuators) (e.g., MEMS actua-
tors).

[0607] FIGS. 77A-77C are schematic views of a digital
camera apparatus that includes one or more input devices
830 in accordance with another embodiment of the present
invention. More particularly, FIG. 77A is a schematic
perspective view of one embodiment of a digital camera
apparatus that includes one or more input devices. FIGS.
77B-77C are enlarged schematic front and back perspective
views, respectively, of an input device in accordance with
one embodiment of the present invention. In this embodi-
ment, the one or more input devices are in the form of one
or more audio input devices, e.g., one or more microphones,
however, other types of input devices may also be employed.
In some embodiments, the one or more microphones are in
the form of one or more silicon microphones.

[0608] The one or more audio input devices may be
disposed in any suitable location or locations. In some
embodiments, it may be advantageous to collect light (for
the one or more camera channels) on one side of the digital
camera assembly and to collect sound from the same side of
the digital camera subassembly. In the illustrated embodi-
ment, the digital camera apparatus has first and second sides
generally opposite one another. The one or more camera
channels are positioned to receive light through a first side
of the digital camera apparatus. One or more of the audio
input devices may be positioned to receive audio input (e.g.,
sound) from the first side of the digital camera apparatus. In
some embodiments, such a configuration may make it pos-
sible to provide a digital camera apparatus that is very thin
(e.g., in the z direction). Other configurations may also be
employed. In some embodiments, one or more of the audio
input devices is disposed on and/or integral with one or more
portions of the support, although this is not required.

[0609] The one or more audio input devices may be
connected to the processor via one or more communication
links. In some embodiments, the one or more communica-
tion links include one or more pads on the image device and
the one or more audio input devices and one or more
electrical connectors having one or more electrically con-
ductive members connecting one or more of the pads on the
image device to one or more of the pads on the audio input
devices. In some embodiments, the one or more communi-
cation links include one or more bump bonds that electri-
cally connect one or more circuits on the image device to
one or more circuits on the one or more audio input devices.
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[0610] The one or more audio input devices may have any
size and shape and may or may not have the same configu-
ration as one another (e.g., type, size, shape, resolution). In
some embodiments, one or more of the one or more audio
input devices has a length and a width that are less than or
equal to the length and width, respectively of the optical
assembly, the sensor subassembly and/or the image device.
In some embodiments, one or more of the one or more audio
input devices has a length or a width that is greater than the
length or width, respectively of the optical assembly, the
sensor subassembly and/or the image device.

[0611] FIGS. 77G-77L are schematic perspective view of
digital camera apparatus in accordance with further embodi-
ments. Such embodiments have input devices with configu-
rations and/or in arrangements that are different than the
configuration and/or arrangement of the input device shown
in FIG. 77A. Other configurations and/or arrangements may
also be employed.

[0612] As with each of the embodiments disclosed herein,
this embodiment of the present invention may be employed
alone or in combination with one or more of the other
embodiments disclosed herein, or portion thereof.

[0613] Thus, in some embodiments, the digital camera
apparatus 300 further include a spacer 800, one or more
electrical conductors 822 to connect one or more circuits of
the one or more input devices, e.g., input device 830, to one
or more circuits in one or more other portions of the
subsystem 300, one or more circuits of a processor 340 that
may be disposed on the image device 520 and/or one or
more additional devices, e.g., one or more output devices
820.

[0614] For example, FIG. 77D is a schematic perspective
view of one embodiment of a digital camera apparatus that
includes an input device and a spacer 800. FIG. 77E is a
schematic perspective view of one embodiment of a digital
camera apparatus 300 that includes spacer 800 and one or
more additional devices, e.g., one or more output devices
820. The image device is shown with one or more pads
connected to one or more circuits disposed on or in the
image device. FIG. 77F is a schematic perspective view of
one embodiment of a digital camera apparatus that includes
an input device, a spacer and an additional device (e.g., a
display and/or a second integrated circuit device adjacent to
the image device). The image device is shown with one or
more pads connected to one or more circuits disposed on or
in the image device.

[0615] Moreover, in some embodiments, the digital cam-
era apparatus may further include a support having one or
more actuators (such a support may comprise, for example,
a frame having one or more actuators) (e.g., MEMS actua-
tors, for example, comb type MEMS actuators) to move one
or more of the optics portions of the camera channels, one
or more display devices and/or one or more illumination
devices (e.g., one or more light emitting diodes (LEDs) with
high output intensity. In some of the latter embodiments, the
digital camera apparatus includes one or more audio input
devices, a support having one or more actuators (such a
support may comprise, for example, a frame having one or
more actuators) (e.g., MEMS actuators, for example, comb
type MEMS actuators) to move one or more of the optics
portions of the camera channels, one or more display devices
and one or more illumination devices.
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[0616] Figure is a schematic representation of a digital
camera apparatus that includes one or more audio input
devices, one or more display devices and one or more
illumination devices.

[0617] The digital camera apparatus may be assembled
and/or mounted in any manner, for example, but not limited
to in a manner similar to that employed in one or more of the
embodiments disclosed herein.

[0618] Any of the embodiments of the present invention
may include one or more illumination units to improve
and/or enhance image acquisition by the one or more camera
channels (and, in particular, the one or more sensor arrays),
facilitate range detection to an object, shape detection of an
object, and covert imaging (i.c., imaging that is not observ-
able to the human eye).

[0619] FIGS. 78A-78B are schematic block diagrams of
digital camera apparatus having one or more illumination
units, e.g., illumination units 840, in accordance with further
embodiments of the present invention. The illumination
units may provide passive (for example, no illumination),
active (for example, constant illumination), constant and/or
gated active illumination (for example, pulsed illumination
that is predetermined, preset or processor controlled, and/or
pulsed illumination that is user/operator programmable).
The one or more illumination units may be disposed on or
integrated in the support frame and/or the substrate of the
sensor arrays. Indeed, the one or more illumination units
may be disposed on or integrated in any element or com-
ponent of the one or more of the camera channels.

[0620] FIGS. 78C-78P are schematic views of a digital
camera apparatus that includes one or more output devices
in accordance with another embodiment of the present
invention. More particularly, FIG. 78C is a schematic
perspective view of one embodiment of a digital camera
apparatus that includes one or more output devices. In some
embodiments, the one or more output devices are in the form
of one or more illumination devices, e.g., one or more
illumination devices 850, however, other types of output
devices may also be employed. FIGS. 78C-78D are
enlarged schematic front and back perspective views,
respectively, of an illumination device 850 in accordance
with one embodiment of the present invention. In some
embodiments, the one or more illumination devices are in
the form of one or more LED’s (e.g., one or more high
power LED’s).

[0621] The one or more illumination devices may be
disposed in any suitable location or locations. In some
embodiments, it may be advantageous to collect light (for
the one or more camera channels) on one side of the digital
camera assembly and to provide illumination from the same
side of the digital camera subassembly. In the illustrated
embodiment, the digital camera apparatus has first and
second sides generally opposite one another. The one or
more camera channels are positioned to receive light
through a first side of the digital camera apparatus. One or
more of the illumination devices may be positioned to
illuminate (e.g., supply light) from the same side of the
digital camera apparatus. In some embodiments, such a
configuration may help make it possible to provide a digital
camera apparatus that is very thin (e.g., in the z direction).
Other configurations may also be employed. In some
embodiments, one or more of the illumination devices is
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disposed on and/or integral with one or more portions of the
support, although this is not required.

[0622] The one or more illumination devices may be
connected to the processor via one or more communication
links. In some embodiments, the one or more communica-
tion links include one or more pads on the image device and
the one or more illumination devices and one or more
electrical connectors having one or more electrically con-
ductive members connecting one or more of the pads on the
image device to one or more of the pads on the illumination
devices. In some embodiments, the one or more communi-
cation links include one or more bump bonds that electri-
cally connect one or more circuits on the image device to
one or more circuits on the one or more illumination devices.

[0623] The one or more illumination devices may have
any size and shape and may or may not have the same
configuration as one another (e.g., type, size, shape, resolu-
tion). In some embodiments, one or more of the one or more
illumination devices has a length and a width that are less
than or equal to the length and width, respectively of the
optical assembly, the sensor subassembly and/or the image
device. In some embodiments, one or more of the one or
more illumination devices has a length or a width that is
greater than the length or width, respectively of the optical
assembly, the sensor subassembly and/or the image device.

[0624] FIGS. 78H-78M are schematic perspective view
of digital camera apparatus in accordance with further
embodiments. Such embodiments have one or more illumi-
nation devices with configurations and/or in arrangements
that are different than the configuration and/or arrangement
of the illumination device shown in FIG. 78C. Other
configurations and/or arrangements may also be employed.

[0625] As with each of the embodiments disclosed herein,
this embodiment of the present invention may be employed
alone or in combination with one or more of the other
embodiments disclosed herein, or portion thereof.

[0626] For example, FIG. 78F is a schematic perspective
view of one embodiment of a digital camera apparatus that
includes an output device and a spacer. FIG. 78G is a
schematic perspective view of one embodiment of a digital
camera apparatus that includes an output device and a
spacer. The image device is shown with one or more pads
connected to one or more circuits disposed on or in the
image device. FIG. 77H is a schematic perspective view of
one embodiment of a digital camera apparatus that includes
an output device, a spacer and an additional device (e.g., a
display and/or a second device 780 adjacent to the image
device). The image device is shown with one or more pads
connected to one or more circuits disposed on or in the
image device.

[0627] Moreover, in some embodiments, the digital cam-
era apparatus may further include a support having one or
more actuators (such a support may comprise, for example,
a frame having one or more actuators) (e.g., MEMS actua-
tors, for example, comb type MEMS actuators) to move one
or more of the optics portions of the camera channels, one
or more display devices and/or one or more audio input
devices. In some of the latter embodiments, the digital
camera apparatus includes one or more audio input devices,
a support having one or more actuators (such a support may
comprise, for example, a frame having one or more actua-
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tors) (e.g., MEMS actuators, for example, comb type MEMS
actuators) to move one or more of the optics portions of the
camera channels, one or more display devices and one or
more illumination devices.

[0628] The digital camera apparatus may be assembled
and/or mounted in any manner, for example, but not limited
to in a manner similar to that employed in one or more of the
embodiments disclosed herein.

[0629] FIG. 78R is a schematic plan view of an underside
of the support 320 (e.g., a major outer surface facing toward
the one or more sensor arrays) in accordance with one
embodiment of the present invention. In this embodiment,
one or more devices 850 are disposed on or in the. support
320 and receive/supply power, control signals and/or data
signals through pads 852 disposed on a surface of the
support 320. A plurality of electrical conductors (see for
example, FIGS. 63-72) may connect one or more of the pads
on the support 320 to one or more circuits disposed else-
where in the digital camera apparatus 300.

[0630] In some embodiments, an integrated circuit 854
may be disposed on the support 320 to provide, for example,
but not limited to, one or more circuits to help interface (e.g.,
control or communicate in any other way) with any of
devices disposed on the support 320. A plurality of electri-
cally conductive traces 856 (some of which are shown) may
connect the outputs of the integrated circuit 854 to one or
more of the devices mounted on the support 320. Although
shown on the surface, it should be understood that one, some
or all of such traces may be disposed within the support 320
so as not to reside on the outer surface thereof.

[0631] FIGS. 79A-79C are schematic perspective views
of digital camera apparatus that include one or more input
devices 830, c.g., one or more audio input devices (e.g., a
silicon microphone) and one or more output devices 820,
e.g., one or more display devices (e.g., a micro display
device), in accordance with further embodiments of the
present invention.

[0632] FIGS. 80A-80F are schematic perspective views
of digital camera apparatus that include one or more input
devices 830, e.g., one or more audio input devices (e.g., a
silicon microphone), one or more output devices 820, e.g.,
one or more display devices (e.g., a micro displays), wherein
one or more of the input devices comprise one or more
illumination devices (e.g., a high illumination LED), in
accordance with further embodiments of the inventions.

[0633] The digital camera apparatus may be assembled
and/or mounted in any manner, for example, but not limited
to in a manner similar to that employed in one or more of the
embodiments disclosed herein.

[0634] As stated above, the digital camera apparatus may
have any number of camera channels each of which may
have any configuration. Referring to FIGS. 81A-81C, in
some embodiments, the digital camera apparatus includes a
housing, for example, but not limited to a hermetic package.
One or more portions of a housing may be defined by one or
more of the structures described herein, for example, one or
more of the optics portions, one or more portions of the
frame, one or more portions of the image device and/or
combinations thereof.

[0635] Insome embodiments, one or more portions of the
housing are defined by plastic material(s), ceramic materi-
al(s) and/or any combination thereof.
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[0636] FIG. 81A is a schematic perspective view a digital
camera apparatus 300 that includes a housing in accordance
with one embodiment of the present invention. FIGS. 81B-
81C are schematic exploded perspective views of the digital
camera apparatus 300. The housing may comprise a molded
plastic package although this is not required. In the illus-
trated embodiment, the digital camera apparatus includes a
first housing portion (e.g., a molded plastic base or bottom)
that supports an image sensor. The image device may
include the one or more sensor portions and may further
include one or more portions of the processor. A second
housing portion (e.g., a molded plastic top or cover) defines
a frame having one or more frame portions to receive and
position the one or more optics portions. One or more
terminals may be provided, for example, one or more
terminals 860, and may be disposed, for example, on one or
more outer surfaces of the molded plastic packaging. One or
more electrically conductive members, e.g., bond wires,
may electrically connect one or more of the terminals to one
or more circuits on the image device, e.g., one or more
circuits of one or more portions of the processor. In some
embodiments, the first housing portion, the second housing
portion and the one or more optics portions define a sub-
stantial portion of the housing, for example, but not limited
to a hermetic package. In some embodiments, one or more
of the optics portions have a top surface that is generally
flush with one or more portions of the major outer surface of
the second housing portion (e.g., molded plastic top).

[0637] The digital camera apparatus may be assembled in
any manner. In some embodiments, the image device, ter-
minals and electrically conductive members are supported
superjacent the major outer surface of the first housing
portion (e.g., a molded plastic base). The second housing
portion (e.g., a molded plastic top) may be provided there-
after. Heat, pressure and/or bonding material may be
employed before, during, and/or after the assembly process.
The bonding material may be any type or types of bonding
material for example but not limited to a hermetic bonding
material or materials.

[0638] The molded plastic packaging may make the digital
camera subassembly more easily removable and/or install-
able, for example, to facilitate repair and/or upgrade,
although this is not required. Molded plastic packaging may
also be advantageous, for example, for digital camera appa-
ratus employed in wearable sensors, such as, for example, a
badge or broach that does not contain a display but transmits
data to a base station. Molded plastic packaging may be
employed in combination with any one or more of the
embodiments disclosed herein.

[0639] Other configurations may also be employed. In
some embodiments, for example, the first housing portion
and/or the second housing portion are formed of any type of
hermetic material(s), for example, but not limited to ceramic
material(s). The use of ceramic packaging may be advanta-
geous in harsh environments and/or in applications (e.g.,
vacuum systems) where outgassing from plastics present a
problem, although this is not required. Ceramic packaging
may be employed in combination with any one or more of
the embodiments disclosed herein.

[0640] Referring to FIG. 81D, a schematic exploded per-
spective view a digital camera apparatus that includes
molded plastic packaging in accordance with another
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embodiment of the present invention, in some embodiment,
two digital camera apparatus are disposed in a single hous-
ing. For example, in some embodiments, the first housing
portion (e.g., the base) defines a frame having one or more
frame portions to receive and position a second set of one or
more optics portions that face in a direction opposite the one
or more optics portions seated in the second housing portion.
A second set of one or more sensor arrays may be associated
with the second set of one or more optics portions and may
be disposed, for example, on the image device or on a
second image device that may also be disposed in the
housing.

[0641] Insome embodiments, one of the camera channels,
e.g., camera channel 350A, is dedicated to two or more
separate colors or two or more separate bands of colors (e.g.,
blue or a blue band and red or a red band). In some of such
embodiments, the optical portion may itself have the capa-
bility to provide color separation, for example, similar to
that provided by a color filter array (e.g., a Bayer pattern or
variation thereof). (See for example, FIG. 82).

[0642] FIG. 82 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 embodiment of the present invention. In some of such
embodiments, one or more of the optics portions, e.g., optics
portion 330C 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
330C has the capability to provide color separation similar
to that which is provided by a color filter array.

[0643] In some embodiments, the lens and/or filter of the
camera channel may transmit both of such colors or bands
of colors and the camera channel may include one or
mechanisms elsewhere in the camera 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 camera 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 photo-
diode is adapted to detect a third color or band of colors. One
way to accomplish this is to provide the photodiodes with
different structures/characteristics that make them selective,
such that 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 sensitivity
to the second color or second band of colors than to the first
color or first band of colors. Another way is to dispose the
photodiodes at different depths in the pixel, which takes
advantage of the different penetration and absorption char-
acteristics 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
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of colors, for example, to in order to adapt such sensor array
to the particular color or band of colors. FOUR CAMERA
CHANNELS

[0644] Insomeembodiments, the digital camera apparatus
includes four or more camera channels, e.g., camera chan-
nels 350A-350D. In some of such embodiments, the first
camera channel, e.g., camera channel 350A, is dedicated to
a first color or first band of colors (e.g., red or a red band of
colors), the second camera channel, e.g., camera channel
350B, is dedicated to second color or second band of colors
(e.g., blue or a blue band of colors), different than the first
color or first band of colors, and the third camera channel,
e.g., camera channel 350C, is dedicated to third color or
third band of colors (e.g., green or a green band of colors),
different than the first and second colors or band of colors,
and the fourth camera channel, e.g., camera channel 350C,
is dedicated to fourth color or fourth band of colors (e.g.,
green or a green band of colors) different than the first,
second and third colors or band of colors. In some embodi-
ments, one or more of the camera channels employs a pixel
size that matches the color optical blur for the respective
camera channel, an integration time and/or other electrical
characteristic of the sensor array adapted to increase or
optimize performance of the respective camera channel,
and/or a design/layout of the pixel circuitry and photodiode
that is adapted to increase or maximize sensitivity of the
respective camera channel. In some embodiments, one of the
camera channels is a broadband camera channel, an infrared
(IR) camera channel or an ultraviolet (UV) camera channel.

[0645] The sensor arrays of the one or more camera
channels may or may not have the same field of view as one
another. In some embodiments, each of the sensor arrays has
the same field of view as one another. In some embodiments,
one or more of the sensor arrays has a field of view that is
different field than the field of view of one or more of the
other camera channels.

[0646] Insome embodiments, one of the camera channels,
e.g., camera channel 350A, is dedicated to two or more
separate colors or two or more separate bands of colors (e.g.,
blue or a blue band and red or a red band). In some of such
embodiments, the optical portion may itself have the capa-
bility to provide color separation, for example, similar to
that provided by a color filter array (e.g., a Bayer pattern or
variation thereof) (see for example, FIG. 82). In some
embodiments, the lens and/or filter of the camera channel
may transmit both of such colors or bands of colors and the
camera channel may include one or mechanisms elsewhere
in the camera 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
camera channel may employ a sensor capable of separating
the colors or bands of colors. In some of the latter embodi-
ments, 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 photo-
diode is adapted to detect a third color or band of colors. One
way to accomplish this is to provide the photodiodes with
different structures/characteristics that make them selective,
such that first photodiode has a higher sensitivity to the first
color or first band of colors than to the second color or band
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of colors, and the second photodiode has a higher sensitivity
to the second color or second band of colors than to the first
color or first band of colors. Another way is to dispose the
photodiodes at different depths in the pixel, which takes
advantage of the different penetration and absorption char-
acteristics 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.

[0647] In some of the latter embodiments, the second
camera channel, e.g., camera channel 350B, is also dedi-
cated to two or more separate colors or two or more separate
bands of colors. For example, the first camera channel may
be dedicated to red or a red band and green or a green band
(e.g., G1). The second camera channel may be dedicated to
blue or a blue band and green or a green band (e.g., G2). In
some other of the latter embodiments, the second camera
channel, e.g., camera channel 350B, is dedicated to a single
color or single band of colors (e.g., green or a green band)
different from the colors or bands of colors to which the first
camera channel is dedicated, and the third camera channel,
e.g., camera channel 350C, is dedicated to a single color or
single band of colors different from the colors or bands of
colors to which the first and second camera channels are
dedicated.

[0648] The camera channels may or may not have the
same configuration (e.g., size, shape, resolution, or degree or
range of sensitivity) as one another. In some embodiments,
for example, each of the camera channels has the same size,
shape, resolution and/or a degree or range of sensitivity as
the other camera channels. In some other embodiments, one
or more of the camera channels has a size, shape, resolution
and/or a degree or range of sensitivity that is different than
one or more of the other camera channels. In that regard, in
some embodiments, each of the camera channels, e.g.,
camera channels 350A-350D, has the same resolution as one
another. In some other embodiments, one or more of the
camera channels has a resolution that is less than the
resolution of one or more of the other camera channels. For
example, one or more of the camera channels, e.g., camera
channel 350A, may have a sensor array with fewer pixels
than the sensor array of one or more of the other camera
channels, e.g., camera channel 350B, for a comparable
portion of the field of view. In one embodiment, for
example, the number of pixels in one of the camera channels
is forty four percent greater than the number of pixels in
another camera channel, for a comparable portion of the
field of view. In another embodiment, for example, the
number of pixels in one of the camera channels is thirty six
percent greater than the number of pixels in the other camera
channels, for a comparable portion of the field of view.

[0649] In some embodiments, one or more of the camera
channels may have a sensor array with a size that is different
than the size of the sensor array of one or more of the other
camera channels. In some of such embodiments, the optics
portion of such one or more camera channels may have a f/#
and/or a focal length that is different from the f/# and/or a
focal length of the one or more of the other camera channels.
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[0650] In some embodiments, one or more of the camera
channels are dedicated to a wavelength or band of wave-
lengths and the sensor array and/or optics portion of such
one or more camera channels are optimized for the respec-
tive wavelength or band of wavelengths to which the respec-
tive camera channel is dedicated. In some embodiments, the
design, operation, array size and/or pixel size of each sensor
array is optimized for the respective wavelength or bands of
wavelengths to which the camera channels are dedicated. In
some embodiments the design of each optical portion is
optimized for the respective wavelength or bands of wave-
lengths to which the respective camera channel is dedicated.

[0651] It should be understood, however, that any other
configurations may also be employed.

[0652] The four or more camera channels may be arranged
in any manner. In some embodiments, the four or more
camera channels are arranged in a 2x2 matrix to help
provide compactness and symmetry in optical collection.

[0653] Insomeembodiments, the digital camera apparatus
employs a processor that is disposed on the same integrated
circuit as the sensor arrays. The processor may have any
layout, including for example, a layout that is the same as or
similar to one or more of the layouts described herein (see
for example, FIGS. 83A-83C). In some embodiments, the
processor may have one or more portions that are not
integrated on the same integrated circuit as the sensor arrays
and/or may not have any portions disposed on the same
integrated circuit as the sensor arrays (see for example,
FIGS. 83D-83E).

[0654] As stated above, each of the embodiments
described above may be used alone or in combination with
any other embodiment(s) or portion thereof described herein
or known to those of ordinary skill in the art.

[0655] In some embodiments, the camera channels, e.g.,
camera channels 350A-350D, are connected via one or more
communication links to one or more displays. In some such
embodiments, each of the camera channels is connected to
its own display. The displays may or may not have the same
characteristics as one another. In some other embodiments,
the four camera channels, e.g., camera channels 350A-
350D, are each connected to the same display.

[0656] Four Camera Channels in Y Configuration

[0657] FIGS. 84A-84E are schematic representations of
digital camera apparatus 300 in accordance with further
embodiments of the present invention. In each of these
embodiments, the digital camera apparatus includes four or
more camera channels, e.g., camera channels 350A-350D,
wherein four of the camera channels, e.g., camera channels
350A-350D, are arranged in a “Y” configuration.

[0658] Insome embodiments, one of the camera channels,
e.g., camera channel 350C, is a broadband camera channel,
an infrared (IR) camera channel or an ultraviolet (UV)
camera channel.

[0659] In some embodiments, a first one of the camera
channels, e.g., camera channel 350A, is dedicated to a first
color or first band of colors (e.g., red or a red band of colors),
a second one the camera channels, e.g., camera channel
350B, is dedicated to second color or second band of colors
(e.g., blue or a blue band of colors), different than the first
color or first band of colors, and a third one of the camera
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channels, e.g., camera channel 350D, is dedicated to a third
color or third band of colors (e.g., green or a green band of
colors), different than the first and second colors or band of
colors. In some of such embodiments, the other camera
channel, e.g., camera channels 350D, is a broadband camera
channel, e.g., using a color filter array with a Bayer pattern,
an infrared (IR) camera channel or an ultraviolet (UV)
camera channel.

[0660] Insome embodiments, one of the camera channels,
e.g., camera channel 350C, is dedicated to two or more
colors or two or more bands of colors. In some of such
embodiments, the optical portion may itself have the capa-
bility to provide color separation, for example, similar to
that provided by a color filter array (e.g., a Bayer pattern or
variation thereof) (see for example, FIG. 84B). In some
embodiments, the lens and/or filter of the camera channel
may transmit both of such colors or bands of colors and the
camera channel may include one or mechanisms elsewhere
in the camera 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
camera channel may employ a sensor capable of separating
the colors or bands of colors. In some of the latter embodi-
ments, 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 photo-
diode is adapted to detect a third color or band of colors. One
way to accomplish this is to provide the photodiodes with
different structures/characteristics that make them selective,
such that 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 sensitivity
to the second color or second band of colors than to the first
color or first band of colors. Another way is to dispose the
photodiodes at different depths in the pixel, which takes
advantage of the different penetration and absorption char-
acteristics 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.

[0661] Insome embodiments, the digital camera apparatus
employs a processor that is disposed on the same integrated
circuit as the sensor arrays. The processor may have any
layout, including for example, a layout that is the same as or
similar to one or more of the layouts described herein (see
for example, FIGS. 84C-84E). In some embodiments, one,
some or all portions of the processor are not disposed on the
same integrated circuit as the sensor arrays. (see for
example, FIG. 84A).

[0662] As stated above, each of the embodiments
described above may be used alone or in combination with
any other embodiment(s) or portion thereof described herein
or known to those of ordinary skill in the art.

[0663] Four Channels Two Smaller Than Other Two
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[0664] FIGS. 85A-85E are schematic representations of
digital camera apparatus 300 in accordance with further
embodiments of the present invention. In each of these
embodiments, the digital camera apparatus includes four or
more camera channels, e.g., camera channels 350A-350D.
Two of the camera channels, e.g., camera channels 350A,
350C, are each smaller in size than two of the other camera
channel, e.g., camera channel 350B, 350D.

[0665] In some embodiments, the smaller camera chan-
nels, e.g., camera channels 350A, 350C, each have a reso-
lution that is less than the resolution of the larger camera
channels, e.g., camera channel 350B, 350D, although in
such embodiments, the smaller camera channels may or may
not have the same resolution as one another and the larger
camera channels may or may not have the same resolution
as one another. For example, each of the smaller camera
channels, may have a sensor array with fewer pixels than is
provided in the sensor array of each of the larger camera
channels for a comparable portion of the field of view. In one
embodiment, for example, the number of pixels in one or
more of the larger camera channels is forty four percent
greater than the number of pixels in one or more of the
smaller camera channels, for a comparable portion of the
field of view. In another embodiment, for example, the
number of pixels in one or more of the larger camera
channels is thirty six percent greater than the number of
pixels in one or more of the smaller camera channels, for a
comparable portion of the field of view. It should be under-
stood, however, that any other sizes and/or architectures may
also be employed.

[0666] In some other embodiments, one or more of the
smaller camera channels has a resolution that is equal to the
resolution of one or more of the larger camera channels. For
example, one or more of the smaller camera channels, e.g.,
camera channels 350A, 350C, may have a sensor array with
the same number of pixels as is provided in the sensor array
of the larger camera channels, e.g., camera channel 350B,
350D, for a comparable portion of the field of view. In one
embodiment, for example, the pixels in the larger camera
channels are forty four percent larger in size (e.g., twenty
percent larger in the x direction and twenty percent larger in
the y direction) than the pixels in the smaller camera
channels. In another embodiment, for example, the pixels in
the larger camera channels are thirty six percent larger in
size (e.g., seventeen percent larger in the x direction and
seventeen percent larger in the y direction) than the pixels in
the smaller camera channels. It should be understood, how-
ever, that any other sizes and/or architectures may also be
employed.

[0667] In some embodiments, one or more of the camera
channels may have a sensor array with a size that is different
than the size of the sensor array of one or more of the other
camera channels. In some of such embodiments, the optics
portion of such one or more camera channels may have a f/#
and/or a focal length that is different from the f/# and/or a
focal length of the one or more of the other camera channels.

[0668] In some embodiments, one of the smaller camera
channels, e.g., camera channel 350A, is dedicated to a first
color or first band of colors (e.g., red or a red band of colors),
one of the larger camera channel, e.g., camera channel 350B,
is dedicated to second color or second band of colors (e.g.,
blue or a blue band of colors), different than the first color
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or first band of colors, and the other larger camera channel,
e.g., camera channel 350D, is dedicated to third color or
third band of colors (e.g., green or a green band of colors),
different than the first and second colors or band of colors.
In some of such embodiments, the smaller camera channel,
e.g., camera channels 350A, has a resolution that is equal to
the resolution of the two larger camera channels, e.g.,
camera channels 350B, 350D.

[0669] In some embodiments, one of the smaller camera
channels, ¢.g., camera channel 350C, is a broadband camera
channel, an infrared (IR) camera channel or an ultraviolet
(UV) camera channel.

[0670] Insome embodiments, the digital camera apparatus
employs a processor that is disposed on the same integrated
circuit as the sensor arrays. The processor may have any
layout, including for example, a layout that is the same as or
similar to one or more of the layouts described herein (see
for example, FIGS. 85C-85E). In some embodiments, the
processor may have one or more portions that are not
disposed on the same integrated circuit as the sensor arrays
and/or may not have any portions disposed on the same
integrated circuit as the sensor arrays (see for example, FIG.
85B).

[0671] As stated above, each of the embodiments
described above may be used alone or in combination with
any other embodiment(s) or portion thereof described herein
or known to those of ordinary skill in the art.

[0672] In some embodiments, the four or more camera
channels, e.g., camera channels 350A-350D, are connected
via one or more communication links to one or more
displays. In some such embodiments, each of the camera
channels is connected to its own display. The displays may
or may not have the same characteristics as one another. In
some other embodiments, two or more camera channels,
e.g., camera channels 350A-350B, 350D, are connected to a
first display and one or more of the other camera channels,
e.g., camera channel 350C, is connected to a second display.
The first and second displays may or may not have the same
characteristics. In some such embodiments, the first display
has a resolution equal to the resolution of one or more of the
camera channels connected thereto. The second display may
have a resolution equal to the resolution of one or more
camera channels connected thereto. For example, in some
embodiments, one or more of the camera channels have a
resolution that is less than the resolution of one or more
other camera channels. In such embodiments, the one or
more display connected to the one or more lower resolution
camera channels may have a resolution/resolutions that
is/are lower than the resolution/resolutions of the one or
more displays connected to the one or more other camera
channels. In some embodiments, the first display has a
resolution equal to the resolution of one or more of the
camera channels connected thereto. The second display may
have a resolution equal to the resolution of one or more
camera channels connected thereto, however, other resolu-
tions may be employed.

[0673] Four Channels, Three Smaller Than Other

[0674] FIGS. 86A-86E arc schematic representations of
digital camera apparatus 300 in accordance with further
embodiments of the present invention. In each of these
embodiments, the digital camera apparatus includes four or
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more camera channels, e.g., camera channels 350A-350D.
Three of the camera channels, e.g., camera channels 350A-
350C, are each smaller in size than the other camera channel,
e.g., camera channel 350D.

[0675] In some embodiments, the smaller camera chan-
nels, e.g., camera channels 350A-350C, each have a reso-
lution that is less than the resolution of the larger camera
channel, e.g., camera channel 350D, although in such
embodiments, the smaller camera channels may or may not
have the same resolution as one another. For example, each
of the smaller camera channels may have a sensor array with
fewer pixels than is provided in the sensor array of the larger
camera channel for a comparable portion of the field of view.
In one embodiment, for example, the number of pixels in the
larger camera channels is forty four percent greater than the
number of pixels in one or more of the smaller camera
channels, for a comparable portion of the field of view. In
another embodiment, for example, the number of pixels in
the larger camera channel is thirty six percent greater than
the number of pixels in one or more of the smaller camera
channels, for a comparable portion of the field of view. It
should be understood, however, that any other sizes and/or
architectures may also be employed.

[0676] In some other embodiments, one or more of the
smaller camera channels has a resolution that is equal to the
resolution of the larger camera channel. For example, one or
more of the smaller camera channels, e.g., camera channels
350A-350C, may have a sensor array with the same number
of pixels as is provided in the sensor array of the larger
camera channel, e.g., camera channel 350D, for a compa-
rable portion of the field of view. In one embodiment, for
example, the pixels in the larger camera channel are forty
four percent larger in size (e.g., twenty percent larger in the
x direction and twenty percent larger in the y direction) than
the pixels in the smaller camera channels. In another
embodiment, for example, the pixels in the larger camera
channel are thirty six percent larger in size (e.g., seventeen
percent larger in the x direction and seventeen percent larger
in the y direction) than the pixels in the smaller camera
channels. It should be understood, however, that any other
sizes and/or architectures may also be employed.

[0677] Insome embodiments, one of the camera channels,
e.g., camera channel 350D, is a broadband camera channel,
an infrared (IR) camera channel or an ultraviolet (UV)
camera channel.

[0678] In some embodiments, a first one of the camera
channels, e.g., camera channel 350A, is dedicated to a first
color or first band of colors (e.g., red or a red band of colors),
a second one the camera channels, e.g., camera channel
350B, is dedicated to second color or second band of colors
(e.g., blue or a blue band of colors), different than the first
color or first band of colors, and a third one of the camera
channels, e.g., camera channel 350C, is dedicated to a third
color or third band of colors (e.g., green or a green band of
colors), different than the first and second colors or band of
colors. In some of such embodiments, the other camera
channel, e.g., camera channels 350D, is a broadband camera
channel, e.g., using a color filter array with a Bayer pattern.

[0679] Insomeembodiments, the digital camera apparatus
employs a processor that is disposed on the same integrated
circuit as the sensor arrays. The processor may have any
layout, including for example, a layout that is the same as,
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or similar to, the layouts described herein (see for example,
FIGS. 86C-86E). In some embodiments, the processor may
have one or more portions that are not disposed on the same
integrated circuit as the sensor arrays and/or may not have
any portions disposed on the same integrated circuit as the
sensor arrays (see for example, FIG. 86B).

[0680] As stated above, each of the embodiments
described above may be used alone or in combination with
any other embodiment(s) or portion thereof described herein
or known to those of ordinary skill in the art.

[0681] In some embodiments, the four or more camera
channels, e.g., camera channels 350A-350D, are connected
via one or more communication links to one or more
displays. In some such embodiments, each of the camera
channels is connected to its own display. The displays may
or may not have the same characteristics as one another. In
some other embodiments, three or more camera channels,
e.g., camera channels 350A-350C, are connected to a first
display and the other camera channel, e.g., camera channel
350D, is connected to a second display. The first and second
displays may or may not have the same characteristics as one
another. For example, in some embodiments, one or more of
the camera channels have a resolution that is less than the
resolution of one or more other camera channels. In such
embodiments, the one or more display connected to the one
or more lower resolution camera channels may have a
resolution/resolutions that is/are lower than the resolution/
resolutions of the one or more displays connected to the one
or more other camera channels. In some embodiments, the
first display has a resolution equal to the resolution of one or
more of the camera channels connected thereto. The second
display may have a resolution equal to the resolution of one
or more camera channels connected thereto, however, other
resolutions may be employed.

[0682] Four Elliptical Channels

[0683] FIGS. 87A-87B are schematic representation of
digital camera apparatus 300 in accordance with further
embodiments of the present invention. In each of these
embodiments, the digital camera apparatus includes one or
more camera channels, e.g., camera channels 350A-350D,
one or more of which having optical portion, e.g., optical
portions 330A-330D, respectively, with an elliptical or other
non circular shape.

[0684] In some embodiments, a first one of the camera
channels, e.g., camera channel 350A, is dedicated to a first
color or first band of colors (e.g., red or a red band of colors),
a second one the camera channels, e.g., camera channel
3508, is dedicated to second color or second band of colors
(e.g., blue or a blue band of colors), different than the first
color or first band of colors, and a third one of the camera
channels, e.g., camera channel 350D, is dedicated to a third
color or third band of colors (e.g., green or a green band of
colors), different than the first and second colors or band of
colors. In some of such embodiments, the other camera
channel, e.g., camera channels 350D, is a broadband camera
channel, e.g., using a color filter array with a Bayer pattern,
an infrared (IR) camera channel or an ultraviolet (UV)
camera channel.

[0685] In some other embodiments, a first one of the
camera channels, e.g., camera channel 350A, is dedicated to
a first color or first band of colors (e.g., red or a red band of
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colors), a second one the camera channels, e.g., camera
channel 350B, is dedicated to second color or second band
of colors (e.g., green or a green band of colors), different
than the first color or first band of colors, a third one of the
camera channels, e.g., camera channel 350C, is dedicated to
a third color or third band of colors (e.g., blue or a blue band
of colors), different than the first and second colors or band
of color, and a fourth one of the camera channels, e.g.,
camera channel 350D, is dedicated to a color or band of
colors (e.g., green or a green band of colors), different than
the first and third colors or bands of colors.

[0686] In some other embodiments, a first one of the
camera channels, e.g., camera channel 350A, is dedicated to
a red or a red band of colors, a second one the camera
channels, e.g., camera channel 350B, is dedicated to blue or
a blue band of colors, a third one of the camera channels,
e.g., camera channel 350C, is dedicated to greenl or a
greenl band of colors, and a fourth one of the camera
channels, e.g., camera channel 350D, is dedicated to a
green2 or green2 band of colors.

[0687] Insome embodiments, one of the camera channels,
e.g., camera channel 350C, is a broadband camera channel,
an infrared (IR) camera channel or an ultraviolet (UV)
camera channel.

[0688] Insomeembodiments, the digital camera apparatus
employs a processor that is disposed on the same integrated
circuit as the sensor arrays. The processor may have any
layout, including for example, a layout that is the same as,
or similar to, the layouts described herein. In some embodi-
ments, the processor may have one or more portions that are
not disposed on the same integrated circuit as the sensor
arrays and/or may not have any portions disposed on the
same integrated circuit as the sensor arrays (see for example,
FIGS. 87A-87B).

[0689] As stated above, each of the embodiments
described above may be used alone or in combination with
any other embodiment(s) or portion thereof described herein
or known to those of ordinary skill in the art.

[0690] Three Camera Channels

[0691] FIGS. 88A-88E and 89A-89E are schematic rep-
resentation of digital camera apparatus 300 in accordance
with further embodiments of the present invention. In each
of these embodiments, the digital camera apparatus includes
three or more camera channels, e.g., camera channels 350A-
350C.

[0692] In some embodiments, the first camera channel,
e.g., camera channel 350A, is dedicated to a first color or
first band of colors (e.g., red or a red band of colors), the
second camera channel, e.g., camera channel 350B, is dedi-
cated to second color or second band of colors (e.g., blue or
a blue band of colors), different than the first color or first
band of colors, and the third camera channel, e.g., camera
channel 350C, is dedicated to third color or third band of
colors (e.g., green or a green band of colors), different than
the first and second colors or band of colors. In some
embodiments, one or more of the camera channels employs
a pixel size that matches a color optical blur for the respec-
tive camera channel, an integration time and/or other elec-
trical characteristic of the sensor array adapted to increase or
optimize performance of the respective camera channel,
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and/or a design/layout of the pixel circuitry and photodiode
that is adapted to increase or maximize sensitivity of the
respective camera channel.

[0693] Insome embodiments, one of the camera channels
is a broadband camera channel, an infrared (IR) camera
channel or an ultraviolet (UV) camera channel.

[0694] In some embodiments, one of the camera channel,
e.g., camera channel 3504, is dedicated to two or more
separate colors or two or more separate bands of colors (e.g.,
blue or a blue band and red or a red band). In some of such
embodiments, the optical portion may itself have the capa-
bility to provide color separation, for example, similar to
that provided by a color filter array (e.g., a Bayer pattern or
variation thereof). In some embodiments, the lens and/or
filter of the camera channel may transmit both of such colors
or bands of colors and the camera channel may include one
or mechanisms elsewhere in the camera 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 camera 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 pho-
todiodes with different structures/characteristics that make
them selective, such that 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 sensitivity to the second color or second band
of colors than to the first color or first band of colors.
Another way is to dispose the photodiodes at different depths
in the pixel, which takes advantage of the different penetra-
tion and absorption characteristics 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.

[0695] In some of the latter embodiments, the second
camera channel, e.g., camera channel 350B, may also be
dedicated to two or more separate colors or two or more
separate bands of colors. For example, the first camera
channel may be dedicated to red or a red band and green or
a green band (e.g., G1). The second camera channel may be
dedicated to blue or a blue band and green or a green band
(e.g., G2). In some other of the latter embodiments, the
second camera channel, e.g., camera channel 350B, may be
dedicated to a single color or single band of colors (e.g.,
green or a green band) different from the colors or bands of
colors to which the first camera channel is dedicated, and the
third camera channel, e.g., camera channel 350C, is dedi-
cated to a single color or single band of colors different from
the colors or bands of colors to which the first and second
camera channels are dedicated.
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[0696] The three or more camera channels may or may not
have the same configuration (e.g., size, shape, resolution, or
degree or range of sensitivity) as one another. In some
embodiments, each of the camera channels has the same
size, shape, resolution and/or a degree or range of sensitivity
as the other camera channels. In some other embodiments,
for example, one or more of the camera channels has a size,
shape, resolution and/or a degree or range of sensitivity that
is different than one or more of the other camera channels.
For example, one or more of the camera channels may have
a sensor array with fewer pixels than is provided in the
sensor array of one or more of the other camera channels, for
a comparable portion of a field of view.

[0697] In some embodiments, one or more of the camera
channels may have a sensor array with a size that is different
than the size of the sensor array of one or more of the other
camera channels. In some of such embodiments, the optics
portion of such one or more camera channels may have a f/#
and/or a focal length that is different from the f/# and/or a
focal length of the one or more of the other camera channels.

[0698] In some embodiments, one or more of the camera
channels are dedicated to a wavelength or band of wave-
lengths and the sensor array and/or optics portion of such
one or more camera channels are optimized for the respec-
tive wavelength or band of wavelengths to which the respec-
tive camera channel is dedicated. In some embodiments, the
design, operation, array size and/or pixel size of each sensor
array is optimized for the respective wavelength or bands of
wavelengths to which the camera channels are dedicated. In
some embodiments the design of each optical portion is
optimized for the respective wavelength or bands of wave-
lengths to which the respective camera channel is dedicated.

[0699] It should be understood, however, that any other
configurations may be employed.

[0700] The three or more camera channels may be
arranged in any manner. In some embodiments, the three or
more camera channels are arranged in a triangle, as shown
to help provide compactness and symmetry in optical col-
lection.

[0701] Insome embodiments, the digital camera apparatus
employs a processor that is disposed on the same integrated
circuit as the sensor arrays. The processor may have any
layout, including for example, a layout that is the same as,
or similar to, the layouts described herein (see for example,
FIGS. 98A-98B. In some embodiments, the processor may
have one or more portions that are not disposed on the same
integrated circuit as the sensor arrays and/or may not have
any portions disposed on the same integrated circuit as the
SEnsor arrays.

[0702] As stated above, each of the embodiments
described above may be used alone or in combination with
any other embodiment(s) or portion thereof described herein
or known to those of ordinary skill in the art.

[0703] In some embodiments, the camera channels, e.g.,
camera channels 350A-350C, are connected via one or more
communication links to one or more displays. In some such
embodiments, each of the camera channels is connected to
its own display. The displays may or may not have the same
characteristics as one another. In some other embodiments,
the three camera channels, e.g., camera channels 350A-
350C, are each connected to the same display.
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[0704] FIGS. 90A, 91A-91B, 92A-92B, 93A-93, 94A-
94B, 95A-95B and 96A-96B are a schematic plan views and
a schematic cross sectional view, respectively, of some
embodiments of the image device 520 that may be employed
in association with a digital camera apparatus having three
or more camera channels. In this embodiment, the image
device has first and second major surfaces and an outer
perimeter defined by edges. The image device defines the
one or more regions for the active areas of the one or more
sensor arrays. The image device further defines one or more
regions for the buffer and/or logic associated with the one or
more Sensor arrays.

[0705] The image device, sensor arrays and image areas
may each have any size(s) and shape(s). In some embodi-
ments, the image areas are generally about the same size as
the respective sensor arrays, and therefore, the image areas
may differ from one another in size and shape depending
upon the dimensions of the underlying sensor arrays. Of
course, there is no requirement that an image area cover all,
or only, the underlying array. In alternative embodiments an
image area could cover only a portion of an array, and could
extend beyond the array.

[0706] The image device 520 has a generally rectangular
shape and dimensions equal to about 10 mm on a first side
and about 8.85 mm on a second side. Each of the image areas
has a generally circular shape and a width or diameter equal
to about 5 mm. Each of the active areas has a generally
rectangular shape having a first dimension equal to about
4.14 mm and a second dimension equal to about 3.27 mm.
The active area, may define, for example, a matrix of
1200x900 pixels (i.e., 1200 columns, 900 rows).

[0707] Insome embodiments, the image device 520 has a
generally square shape and dimensions equal to about 10
mm on a side, with each quadrant being 5 mm on a side.
Each of the image areas has a generally circular shape and
a width or diameter equal to about 5 millimeters (mm). Each
of the active areas has a generally rectangular shape having
a first dimension equal to about 4mm and a second dimen-
sion equal to about 3mm. The active area, may define for
example, a matrix of 1200x900 pixels (i.c., 1200 columns,
900 rows).

[0708] Referring to FIGS. 97A-97D, the optics portions of
the three or more camera channels are supported by one or
more supports, e.g., support 320, which position each of the
optics portions in registration with a respective sensor array,
at least in part. In this embodiment, for example, optics
portion 330A is positioned in registration with sensor array
310A. Optics portion 330B is positioned in registration with
sensor array 310B. Optics portion 330C is positioned in
registration with sensor array 310C. Optics portion 330B is
positioned in registration with sensor array 310B. In some
embodiments, the support also helps to limit, minimize
and/or eliminate light “cross talk” between the camera
channels.

[0709] In this embodiment, the support 320 includes a
support that defines one or more support portions, e.g., four
support portions 600A-600C, each of which supports and/or
helps position a respective one of the one or more optics
portions. In this embodiment, for example, support portion
600A supports and positions optics portion 330A in regis-
tration with sensor array 310A. Support portion 600B sup-
ports and positions optics portion 330B in registration with
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sensor array 310B. Support portion 600C supports and
positions optics portion 330C in registration with sensor
array 310C. Support portion 600D supports and positions
optics portion 330D in registration with sensor array 310D.
In this embodiment, the support also helps to limit, minimize
and/or eliminate light “cross talk” between the camera
channels.

[0710] Each of the support portions 600A-600C defines an
aperture 616 and a seat 618. The aperture 616 defines a
passage for the transmission of light for the respective
camera channel. The seat 618 is adapted to receive a
respective one of the optics portions (or portion thereof) and
to support and/or position the respective optics portion, at
least in part. In this regard, the seat 618 may include one or
more surfaces (e.g., surfaces 620, 622) adapted to abut one
or more surfaces of the optics portion to support and/or
position the optics portion, at least in part, relative to the
support portion and/or one or more of the sensor arrays
310A-310C. In this embodiment, surface 620 is disposed
about the perimeter of the optics portion to support and help
position the optics portion in the x direction and the y
direction). Surface 622 (sometimes referred to herein as
“stop” surface) positions or helps position the optics portion
in the z direction.

[0711] The position and/or orientation of the stop surface
622 may be adapted to position the optics portion at a
specific distance (or range of distance) and/or orientation
with respect to the respective sensor array. In this regard, the
seat 618 controls the depth at which the lens is positioned
(e.g., seated) within the support. The depth may be different
for each lens and is based, at least in part, on the focal length
of the lens. For example, if a camera channel is dedicated to
a specific color (or band of colors), the lens or lenses for that
camera channel may have a focal length specifically adapted
to the color (or band of colors) to which the camera channel
is dedicated. If each camera channels is dedicated to a
different color (or band of colors) than the other camera
channels, then each of the lenses may have a different focal
length, for example, to tailor the lens to the respective sensor
array, and each of the seats have a different depth.

[0712] Each optics portion may be secured in the respec-
tive seat 618 in any suitable manner, for example, but not
limited to, mechanically (e.g., press fit, physical stops),
chemically (e.g., adhesive), electronically (e.g., electronic
bonding) and/or any combination thereof. In some embodi-
ments, the seat 618 has dimensions adapted to provide a
press fit for the respective optics portion.

[0713] The aperture (or portions thereof) may have any
configuration (e.g., shape and/or size) including for
example, cylindrical, conical, rectangular, irregular and/or
any combination thereof. The configuration may be based,
for example, on the desired configuration of the optical path,
the configuration of the respective optical portion, the con-
figuration of the respective sensor array and/or any combi-
nation thereof.

[0714] The supports 320 may comprise any type of mate-
rial(s) and may have any configuration and/or construction.
In some embodiments, for example, the support 320 com-
prises silicon, semiconductor, glass, ceramic, plastic, or
metallic materials and/or a combination thereof. If the
support 320 has more than one portion, such portions may
be fabricated separate from one another, integral with one
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another and/or any combination thereof. If the support
defines more than one support portion, each of such support
portions, e.g., support portions 600A-600D, may be coupled
to one, some or all of the other support portions, as shown,
or completely isolated from the other support portions. If the
support 320 is a single integral component, each of the one
or more support portions define one or more portions of such
integral component. Moreover, the positioner may be a solid
device that may offer a wide range of options for manufac-
turing and material, however other forms of devices may
also be employed. In some embodiments, for example, the
support 320 comprises a plate (e.g., a thin plate) that defines
the support and one or more support portions, with the
apertures and seats being formed by machining (e.g., boring)
or any other suitable manner. In some other embodiments,
the support 320 is fabricated as a casting with the apertures
defined therein (e.g., using a mold with projections that
define the apertures and seats of the one or more support
portions).

[0715] In some embodiments, the lens and support are
manufactured as a single molded component. In some
embodiments the lens may be manufactured with tabs that
may be used to form the support.

[0716] In some embodiments, the support 320 is coupled
and/or affixed directly or indirectly, to the image device. For
example, the support 320 may be directly coupled and
affixed to the image device (e.g., using adhesive) or indi-
rectly coupled and/or or affixed to the image device via an
intermediate support member (not shown).

[0717] The x and y dimensions of the support 320 may be,
for example, approximately the same (in one or more
dimensions) as the image device, approximately the same
(in one or more dimensions) as the arrangement of the optics
portions 330A-330D and/or approximately the same (in one
or more dimensions) as the arrangement of the sensor arrays
310A-310D. One advantage of such dimensioning is that it
helps keep the x and y dimensions of the digital camera
apparatus as small as possible.

[0718] In some embodiments, it may be advantageous to
provide the seat 618 with a height A that is the same as the
height of a portion of the optics that will abut the stop
surface 620. It may be advantageous for the stop surface 622
to be disposed at a height B (e.g., the distance between the
stop surface 622 and the base of the support portion) that is
at least as high as needed to allow the seat 618 to provide a
firm stop for an optics portion (e.g., the lens) to be seated
thereon. The width or diameter C of the portion of the
aperture 616 disposed above the height of the stop surface
622 may be based, for example, on the width or diameter of
the optics portion (e.g., the lens) to be seated therein and the
method used to affix and/or retain that optics portion in the
seat 618. The width of the stop surface 622 is preferably
large enough to help provide a firm stop for the optics
portion (e.g., the lens) yet small enough to minimize unnec-
essary blockage of the light transmitted by the optics por-
tion. It may be desirable to make the width or diameter D of
the portion of the aperture 616 disposed below the height of
the stop surface 622 large enough to help minimize unnec-
essary blockage of the light transmitted by the optics por-
tion. It may be desirable to provide the support with a height
E equal to the minimum dimension needed to result in a
support sturdy enough to support the one or more optics
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portions to be seated therein, in view of the considerations
above, and may be advantageous to space the one or more
apertures 616A-616D of the one or more support portions
600A-600D by a distance F that is as small as possible yet
large enough that the support will be sturdy enough to
support the optics portions to be seated therein. The support
may have a length J and a width K.

[0719] Insome embodiments, it is desirable to provide the
seat 618 with a height A equal to 2.2 mm, to provide the stop
surface 622 at a height B in the range of from 0.25 mm to
3 mm, to make the width or diameter C of the portion of the
aperture above the height B of the stop surface 622 equal to
approximately 3 mm, to make the width or diameter D of the
lower portion of the aperture approximately 2.8 mm, to
provide the support portion with a height E in the range from
2.45 mm to 5.2 mm and to space the apertures apart by a
distance F of at least 1 mm. In some of such embodiments,
it may be desirable to provide the support with a length J
equal to 10 mm and a width K equal to 10 mm or to provide
the support with a length J equal to 10 mm and a width K
equal to 8.85 mm.

[0720] In some embodiments, one or more of the optics
portions comprises a cylindrical type of lens, e.g., a NT45-
090 lens manufactured by Edmunds Optics. Such lens has a
cylindrical portion with a diameter G up to 3 millimeters
(mm) and a height H of 2.19 mm. In such embodiments, it
may be desirable to employ a support having the dimensions
and ranges set forth in the paragraph above.

[0721] In some embodiments, the support has a length J
equal to 10 mm and a width K equal to 10 mm. In some other
embodiments, it may be desirable to provide the support
with a length J equal to 10 mm and a width K equal to 8.85
mm.

[0722] Three Channels Two Smaller Than Other

[0723] FIGS. 99A-99D are schematic representations of
digital camera apparatus 300 in accordance with further
embodiments of the present invention. In each of these
embodiments, the digital camera apparatus include three or
more camera channels, e.g., camera channels 350A-350C.
Two of the camera channels, e.g., camera channels 350A-
350B, are each smaller in size than a third camera channel,
e.g., camera channel 350C. The smaller camera channels
may or may not have the same size as one another.

[0724] In some embodiments, the smaller camera chan-
nels, e.g., camera channels 350A-350B, each have a reso-
lution that is less than the resolution of the larger camera
channel, e.g., camera channel 350C, although in such
embodiments, the smaller camera channels may or may not
have the same resolution as one another. For example, each
of the smaller camera channels, e.g., camera channel 350A-
350B, may have a sensor array with fewer pixels than is
provided in the sensor array of the larger camera channel,
e.g., camera channel 350B, for a comparable portion of the
field of view. In one embodiment, for example, the number
of pixels in the larger camera channel is forty four percent
greater than the number of pixels in one or more of the
smaller camera channels, for a comparable portion of the
field of view. In another embodiment, for example, the
number of pixels in the larger camera channel is thirty six
percent greater than the number of pixels in one or more of
the smaller camera channels, for a comparable portion of the
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field of view. It should be understood, however, that any
other sizes and/or architectures may also be employed.

[0725] In some other embodiments, one or more of the
smaller camera channels has a resolution that is equal to the
resolution of the larger camera channel. For example, one or
more of the smaller camera channels, e.g., camera channels
350A-350B, may have a sensor array with the same number
of pixels as is provided in the sensor array of the larger
camera channel, e.g., camera channel 350C, for a compa-
rable portion of the field of view. In one embodiment, for
example, the pixels in the larger camera channel are forty
four percent larger in size (e.g., twenty percent larger in the
x direction and twenty percent larger in the y direction) than
the pixels in the smaller camera channels. In another
embodiment, for example, the pixels in the larger camera
channel are thirty six percent larger in size (e.g., seventeen
percent larger in the x direction and seventeen percent larger
in the y direction) than the pixels in the smaller camera
channels. It should be understood, however, that any other
sizes and/or architectures may also be employed.

[0726] In some embodiments, the first camera channel,
e.g., camera channel 350A, is dedicated to a first color or
first band of colors (e.g., red or a red band of colors), the
second camera channel, e.g., camera channel 350B, is dedi-
cated to second color or second band of colors (e.g., blue or
a blue band of colors), different than the first color or first
band of colors, and the third camera channel, e.g., camera
channel 350C, is dedicated to third color or third band of
colors (e.g., green or a green band of colors), different than
the first and second colors or band of colors. In some of such
embodiments, the two smaller camera channels, e.g., camera
channels 350A-350B, each have a lower resolution than the
third camera channel, e.g., camera channel 350C.

[0727] Insome embodiments, one of the camera channels
is a broadband camera channel, an infrared (IR) camera
channel or an ultraviolet (UV) camera channel.

[0728] Insome embodiments, the digital camera apparatus
employs a processor that is disposed on the same integrated
circuit as the sensor arrays. The processor may have any
layout, including for example, a layout that is the same as,
or similar to, the layouts described herein (see for example,
99B-99D). In some embodiments, the processor may have
one or more portions that are not disposed on the same
integrated circuit as the sensor arrays and/or may not have
any portions disposed on the same integrated circuit as the
sensor arrays (see for example, FIG. 89A).

[0729] As stated above, each of the embodiments
described above may be used alone or in combination with
any other embodiment(s) or portion thereof described herein
or known to those of ordinary skill in the art.

[0730] In some embodiments, the camera channels, e.g.,
camera channels 350A-350C, are connected via one or more
communication links to one or more displays. In some such
embodiments, each of the camera channels is connected to
its own display. The displays may or may not have the same
characteristics as one another. In some other embodiments,
the smaller camera channels, e.g., camera channels 350A-
350B, are connected to a first display and the larger camera
channel, e.g., camera channel 350C, is connected to a second
display. The first and second displays may or may not have
the same characteristics. In some embodiments, the first
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display has a resolution equal to the resolution of one or
more of the camera channels connected thereto. The second
display may have a resolution equal to the resolution of one
or more camera channels connected thereto, however, other
resolutions may be employed.

[0731] Three Channels of all Different Sizes

[0732] FIGS. 100A-100D are schematic representations
of digital camera apparatus 300 in accordance with further
embodiments of the present invention. In each of these
embodiments, the digital camera apparatus include three or
more camera channels, e.g., camera channels 350A-350C. A
first one of the camera channels, e.g., camera channel 350A,
is smaller in size than a second one of the camera channels,
e.g., camera channel 350B, which is in turn smaller in size
than a third one of the camera channels, ¢.g., camera channel
350C.

[0733] Referring to FIGS. 101A-101G, in some embodi-
ments, the smallest camera channels, e.g., camera channels
350A, has a resolution that is smaller than the resolution of
the second camera channel, e.g., camera channel 350B,
which has a resolution that is smaller than the resolution of
the largest camera channel, e.g., camera channel 350C. For
example, the smallest camera channels, e.g., camera channel
350A, may have a sensor array with fewer pixels than is
provided in the sensor array of the second camera channel,
e.g., camera channel 350B, for a comparable portion of the
field of view, and the second camera channel, e.g., camera
channel 350B, may have a sensor array with fewer pixels
than is provided in the sensor array of the largest camera
channel, e.g., camera channel 350C, for a comparable por-
tion of the field of view. In one embodiment, for example,
the number of pixels in the second camera channel, e.g.,
camera channel 350B, is forty four percent greater than the
number of pixels in the smallest camera channel, e.g.,
camera channel 350A, for a comparable portion of the field
of view, and the number of pixels in the largest camera
channel, e.g., camera channel 350C, is thirty six percent
greater than the number of pixels in the second camera
channel, e.g., camera channel 350B, for a comparable por-
tion of the field of view. It should be understood, however,
that any other sizes and/or architectures may also be
employed.

[0734] Referring to FIGS. 102A-102G, in some other
embodiments, one or more of the smaller camera channels,
e.g., camera channels 350A-350B, has a resolution that is
equal to the resolution of the larger camera channel, e.g.,
camera channel 350C. For example, one or more of the
smaller camera channels, e.g., camera channels 350A-350B,
may have a sensor array with the same number of pixels as
is provided in the sensor array of the larger camera channel,
e.g., camera channel 350C, for a comparable portion of the
field of view.

[0735] In one embodiment, for example, the pixels in the
second camera channel, e.g., camera channel 350B, are forty
four percent larger in size (e.g., twenty percent larger in the
x direction and twenty percent larger in the y direction) than
the pixels in the smallest camera channel, e.g., camera
channel 350A. In another embodiment, for example, the
pixels in the largest camera channel, e.g., camera channel
350C, are thirty six percent larger in size (e.g., seventeen
percent larger in the x direction and seventeen percent larger
in the y direction) than the pixels in the second camera
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channel, e.g., camera channel 350B. It should be understood,
however, that any other sizes and/or architectures may also
be employed.

[0736] In some embodiments, the first camera channel,
e.g., camera channel 3504, is dedicated to a first color or
first band of colors (e.g., red or a red band of colors), the
second camera channel, e.g., camera channel 350B, is dedi-
cated to second color or second band of colors (e.g., blue or
a blue band of colors), different than the first color or first
band of colors, and the third camera channel, e.g., camera
channel 350C, is dedicated to third color or third band of
colors (e.g., green or a green band of colors), different than
the first and second colors or band of colors. In some of such
embodiments, the two smaller camera channels, e.g., camera
channels 350A-350B, each have a lower resolution than the
third camera channel, e.g., camera channel 350C. In some
other embodiments, each of the camera channels, e.g.,
camera channels 350A-350C, has the same resolution.

[0737] Insome embodiments, the number of pixels and/or
the design of the pixels in the sensor array of a camera
channel are adapted to match a wavelength or band of
wavelengths of incident light to which such camera channels
may be dedicated.

[0738] In some embodiments, the size of the sensor array
and/or the design of the optics (e.g., f/# and focal length) for
one or more of the camera channels are adapted to provide
a desired field of view and/or sensitivity for such camera
channels.

[0739] Insome embodiments, one of the camera channels
is a broadband camera channel, an infrared (IR) camera
channel or an ultraviolet (UV) camera channel.

[0740] In some embodiments, one or more of the camera
channels are dedicated to a wavelength or band of wave-
lengths and the sensor array and/or optics portion of such
one or more camera channels are optimized for the respec-
tive wavelength or band of wavelengths to which the respec-
tive camera channel is dedicated. In some embodiments, the
design, operation, array size and/or pixel size of each sensor
array is optimized for the respective wavelength or bands of
wavelengths to which the camera channels are dedicated. In
some embodiments the design of each optical portion is
optimized for the respective wavelength or bands of wave-
lengths to which the respective camera channel is dedicated.

[0741] Insome embodiments, the digital camera apparatus
employs a processor that is disposed on the same integrated
circuit as the sensor arrays. The processor may have any
layout, including for example, a layout that is the same as,
or similar to, the layouts described herein (see for example,
FIGS. 100B-100D. In some embodiments, the processor
may have one or more portions that are not disposed on the
same integrated circuit as the sensor arrays and/or may not
have any portions disposed on the same integrated circuit as
the sensor arrays (see for example, FIG. 10A).

[0742] As stated above, each of the embodiments
described above may be used alone or in combination with
any other embodiment(s) or portion thereof described herein
or known to those of ordinary skill in the art.

[0743] In some embodiments, the camera channels, e.g.,
camera channels 350A-350C, are connected via one or more
communication links to one or more displays. In some such
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embodiments, each of the camera channels is connected to
its own display. The displays may or may not have the same
characteristics. For example, in some embodiments, one or
more of the camera channels have a resolution that is less
than the resolution of one or more other camera channels and
the one or more display connected to the one or more lower
resolution camera channels may have a resolution/resolu-
tions that is/are lower than the resolution/resolutions of the
one or more displays connected to the one or more other
camera channels.

[0744] Three Elliptical Channels of all Different Sizes

[0745] FIGS. 103A-103E are schematic representations
of digital camera apparatus 300 in accordance with further
embodiments of the present invention. In each of these
embodiments, the digital camera apparatus include one or
more camera channels, e.g., camera channels 350A-350C,
having an optical portion, e.g., optical portions 330A-330C,
respectively, with an elliptical or other type of non circular
shape.

[0746] In some embodiments, one or more of the camera
channels, e.g., camera channels 350A-350B, are smaller in
size than a third camera channel, .g., camera channel 350C.
In some of such embodiments, the one or more smaller
camera channels, e.g., camera channels 350A-350B, may
each have a resolution that is less than the resolution of the
larger camera channel, e.g., camera channel 350C, although
in such embodiments, the smaller camera channels may or
may not have the same resolution as one another. For
example, each of the smaller camera channels, e.g., camera
channel 350A-350B, may have a sensor array with fewer
pixels than is provided in the sensor array of the larger
camera channel, e.g., camera channel 350B, for a compa-
rable portion of the field of view. In one embodiment, for
example, the number of pixels in the larger camera channel
is forty four percent greater than the number of pixels in one
or more of the smaller camera channels, for a comparable
portion of the field of view. In another embodiment, for
example, the number of pixels in the larger camera channel
is thirty six percent greater than the number of pixels in one
or more of the smaller camera channels, for a comparable
portion of the field of view. It should be understood, how-
ever, that any other sizes and/or architectures may also be
employed.

[0747] 1If one or more of the camera channels, e.g., camera
channels 350A-350B, are smaller in size than a third camera
channel, e.g., camera channel 350C, the one or more of the
smaller camera channels, may have a resolution that is equal
to the resolution of the larger camera channel. For example,
one or more of the smaller camera channels, e.g., camera
channels 350A-350B, may have a sensor array with the same
number of pixels as is provided in the sensor array of the
larger camera channel, e.g., camera channel 350C, for a
comparable portion of the field of view. In one embodiment,
for example, the pixels in the larger camera channel are forty
four percent larger in size (e.g., twenty percent larger in the
x direction and twenty percent larger in the y direction) than
the pixels in the smaller camera channels. In another
embodiment, for example, the pixels in the larger camera
channel are thirty six percent larger in size (e.g., seventeen
percent larger in the X direction and seventeen percent larger
in the y direction) than the pixels in the smaller camera
channels. It should be understood, however, that any other
sizes and/or architectures may also be employed.
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[0748] In some embodiments, the first camera channel,
e.g., camera channel 350A, is dedicated to a first color or
first band of colors (e.g., red or a red band of colors), the
second camera channel, e.g., camera channel 350B, is dedi-
cated to second color or second band of colors (e.g., blue or
a blue band of colors), different than the first color or first
band of colors, and the third camera channel, e.g., camera
channel 350C, is dedicated to third color or third band of
colors (e.g., green or a green band of colors), different than
the first and second colors or band of colors. In some of such
embodiments, the two smaller camera channels, e.g., camera
channels 350A-350B, each have a lower resolution than the
third camera channel, e.g., camera channel 350C.

[0749] Insome embodiments, one of the camera channels
is a broadband camera channel, an infrared (IR) camera
channel or an ultraviolet (UV) camera channel.

[0750] Insome embodiments, the digital camera apparatus
employs a processor that is disposed on the same integrated
circuit as the sensor arrays. The processor may have any
layout, including for example, a layout that is the same as,
or similar to, the layouts described herein (see for example,
FIGS. 103B-103E). In some embodiments, the processor
may have one or more portions that are not disposed on the
same integrated circuit as the sensor arrays and/or may not
have any portions disposed on the same integrated circuit as
the sensor arrays (see for example, FIG. 103A).

[0751] As stated above, each of the embodiments
described above may be used alone or in combination with
any other embodiment(s) or portion thereof described herein
or known to those of ordinary skill in the art.

[0752] In some embodiments, one or more of the camera
channels, e.g., camera channels 350A-350C, are connected
via one or more communication links to one or more
displays. In some such embodiments, each of the camera
channels is connected to its own display. The displays may
or may not have the same characteristics as one another. For
example, if the camera channels have different resolutions
from one another, the displays may also have different
resolutions from one another. For example, in some embodi-
ments, the smaller channels, e.g., camera channels 350A-
3508, have a resolution that is less than the resolution of the
larger channel, e.g., camera channel 350B, and the displays
connected to the smaller channels have resolution that is less
than the resolution of the display connected to the larger
camera channel. In some other embodiments, the two
smaller camera channels, e.g., camera channels 350A-350B,
are connected to a first display and the larger camera
channel, e.g., camera channel 350C is connected to a second
display. The first and second displays may or may not have
the same characteristics as one another. For example, in
some embodiments, the smaller channels, e.g., camera chan-
nels 350A-350B, have a resolution that is less than the
resolution of the larger channel, e.g., camera channel 350B,
and the display connected to the smaller channels has a
resolution that is less than the resolution of the display
connected to the larger camera channel.

[0753] Two Camera Channels

[0754] FIGS. 104A-104E are schematic representations
of digital camera apparatus 300 in accordance with further
embodiments of the present invention. In each of these
embodiments, the digital camera apparatus include two or
more camera channels, e.g., camera channels 350A-350B.
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[0755] In some embodiments, the first camera channel,
e.g., camera channel 350A, is dedicated to a single color or
a single band of colors (e.g., red or a red band) and the
second camera channel, e.g., camera channel 350B, is dedi-
cated to a single color or single band of colors (e.g., green
or a green band), different from the color or band of colors
to which the first camera channel is dedicated. In some
embodiments, one or more of the camera channels employs
a pixel size that matches the color optical blur for the
respective camera channel, an integration time and/or other
electrical characteristic of the sensor array adapted to
increase or optimize performance of the respective camera
channel, and/or a design/layout of the pixel circuitry and
photodiode that is adapted to increase or maximize sensi-
tivity of the respective camera channel.

[0756] Insome embodiments, one of the camera channels
is a broadband camera channel, an infrared (IR) camera
channel or an ultraviolet (UV) camera channel.

[0757] Insome other embodiments, the first camera chan-
nel, e.g., camera channel 350A, is dedicated to two or more
separate colors or two or more separate bands of colors (e.g.,
blue or a blue band and red or a red band). In some of such
embodiments, the optical portion may itself have the capa-
bility to provide color separation, for example, similar to
that provided by a color filter array (e.g., a Bayer pattern or
variation thereof). In some embodiments, the lens and/or
filter of the camera channel may transmit both of such colors
or bands of colors and the camera channel may include one
or mechanisms elsewhere in the camera 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 camera 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 pho-
todiodes with different structures/characteristics that make
them selective, such that 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 sensitivity to the second color or second band
of colors than to the first color or first band of colors.
Another way is to dispose the photodiodes at different depths
in the pixel, which takes advantage of the different penetra-
tion and absorption characteristics 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.

[0758] In some of the latter embodiments, the second
camera channel, e.g., camera channel 350B, is dedicated to
a single color or a single band of colors (e.g., green or a
green band), different from the colors or band of colors to
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which the first camera channel is dedicated. In some other
embodiments, the second camera channel, e.g., camera
channel 350B, is also dedicated to two or more separate
colors or two or more separate bands of colors. For example,
the first camera channel may be dedicated to red or a red
band and green or a green band (e.g;, G1). The second
camera channel may be dedicated to blue or a blue band and
green or a green band (e.g., G2).

[0759] The two or more camera channels may or may not
have the same configuration (e.g., size, shape, resolution, or
degree or range of sensitivity) as one another. In some
embodiments, for example, each of the camera channels has
the same size, shape, resolution and/or degree or range of
sensitivity as one another. In some other embodiments, one
or more of the camera channels has a size, shape, resolution
and/or a degree or range of sensitivity that is different than
one or more of the other camera channels. For example, one
or more of the camera channels may have a sensor array with
fewer pixels than is provided in the sensor array of one or
more of the other camera channels, for a comparable portion
of the field of view.

[0760] Insome embodiments, one of the camera channels
may have a sensor array with a size that is different than the
size of the sensor array of the other camera channels. In
some of such embodiments, the optics portion of such one
or more camera channels may have a f/# and/or a focal
length that is different from the f/# and/or a focal length of
the one or more of the other camera channels.

[0761] In some embodiments, one or more of the camera
channels are dedicated to a wavelength or band of wave-
lengths and the sensor array and/or optics portion of such
one or more camera channels are optimized for the respec-
tive wavelength or band of wavelengths to which the respec-
tive camera channel is dedicated. In some embodiments, the
design, operation, array size and/or pixel size of each sensor
array is optimized for the respective wavelength or bands of
wavelengths to which the camera channels are dedicated. In
some embodiments the design of each optical portion is
optimized for the respective wavelength or bands of wave-
lengths to which the respective camera channel is dedicated.

[0762] 1t should be understood however, that any other
configurations may be employed.

[0763] The two or more camera may be arranged in any
manner. In some embodiments, the two or more camera
channels are arranged in linear array, as shown.

[0764] Insome embodiments, the digital camera apparatus
employs a processor that is disposed on the same integrated
circuit as the sensor arrays. The processor may have any
layout, including for example, a layout that is the same as,
or similar to, the layouts described herein (see for example,
104C-104E). In some embodiments, the processor may have
one or more portions that are not disposed on the same
integrated circuit as the sensor arrays and/or may not have
any portions integrated in or disposed on the same integrated
circuit as the sensor arrays (see for example, FIG. 104B).

[0765] As stated above, ecach of the embodiments
described above may be used alone or in combination with
any other embodiment(s) or portion thereof described herein
or known to those of ordinary skill in the art.

[0766] In some embodiments, one or more of the camera
channels, e.g., camera channels 350A-350B, are connected
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via one or more communication links to one or more
displays. In some such embodiments, each of the camera
channels is connected to a separate display, i.e., the smaller
camera channel, e.g., camera channel 350A, is connected to
a first display and the larger camera channel, e.g., camera
channel 3508, is connected to a second display. The first and
second displays may or may not have the same character-
istics. In some embodiments, the first display has a resolu-
tion equal to the resolution of the camera channel connected
thereto. The second display may have a resolution equal to
the resolution of the camera channels connected thereto,
however, other resolutions may be employed. Other resolu-
tions may also be employed.

[0767] Two Channels, One Smaller Than Other

[0768] FIGS. 105A-105E are schematic representations
of digital camera apparatus 300 in accordance with further
embodiments of the present invention. In each of these
embodiments, the digital camera apparatus include two or
more camera channels, e.g., camera channels 350A-350B. A
first one of the camera channels, ¢.g., camera channel 350A,
is smaller in size than a second one of the camera channel,
e.g., camera channel 350B.

[0769] Insome embodiments, the smaller camera channel,
e.g., camera channel 350A, has resolution that is less than
the resolution of the larger camera channel, e.g., camera
channel 350B. For example, the smaller camera channel,
e.g., camera channel 350A, may have a sensor array with
fewer pixels than the sensor array of the larger camera
channel, e.g., camera channel 350B, for a comparable por-
tion of the field of view. In one embodiment, for example,
the number of pixels in the larger camera channel is forty
four percent greater than the number of pixels in the smaller
camera channel, for a comparable portion of the field of
view. In another embodiment, for example, the number of
pixels in the larger camera channel is thirty six percent
greater than the number of pixels in the smaller camera
channel, for a comparable portion of the field of view. It
should be understood, however, that any other sizes and/or
architectures may also be employed.

[0770] In some other embodiments, the smaller camera
channel, e.g., camera channel 350A, has a resolution that is
equal to the resolution of the larger camera channel, e.g.,
camera channel 350B. For example, the smaller camera
channel, e.g., camera channel 350A, may have a sensor array
with pixels that are equal in number but smaller than the
pixels of the sensor array of the larger camera channel, e.g.,
camera channel 350B, for a comparable portion of the field
of view. In one embodiment, for example, the pixels in the
larger camera channel are forty four percent larger in size
(e.g., twenty percent larger in the x direction and twenty
percent larger in the y direction) than the pixels in the
smaller camera channel. In another embodiment, for
example, the pixels in the larger camera channel are thirty
six percent larger in size (e.g., seventeen percent larger in the
x direction and seventeen percent larger in the y direction)
than the pixels in the smaller camera channel. It should be
understood, however, that any other sizes and/or architec-
tures may also be employed.

[0771] Insome embodiments, one of the camera channels
is a broadband camera channel, an infrared (IR) camera
channel or an ultraviolet (UV) camera channel.

[0772] In some embodiments, the first camera channel,
i.e., the smaller camera channel, is dedicated to a single
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color or a single band of colors (e.g., red or a red band) and
the second camera channel, i.e., the larger camera channel,
is dedicated to a single color or single band of colors (e.g.,
green or a green band), different from the color or band of
colors to which the first camera channel is dedicated.

[0773] In some other embodiments, one of the camera
channels, e.g., the smaller camera channel, is dedicated to
two or more separate colors or two or more separate bands
of colors (e.g., blue or a blue band and red or a red band).
In some of such embodiments, the lens and/or filter of the
camera channel may transmit both of such colors or bands
of colors and the camera channel may include one or
mechanisms elsewhere in the camera 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 camera channel may employ a sensor capable of
separating the colors or bands of colors. In some of the latter
embodiments, the sensor may be provided with sensor
elements or pixels that each comprise two photodiodes,
wherein the first photodiode is adapted to detect the a first
color or first band of colors and the second photodiode is
adapted to detect the second color or band of colors. One
way to accomplish this is to provide the photodiodes with
different structures/characteristics that make them selective,
such that 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 sensitivity
to the second color or second band of colors than to the first
color or first band of colors. Another way is to dispose the
photodiodes at different depths in the pixel, which takes
advantage of the different penetration and absorption char-
acteristics 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.

[0774] Insome embodiments, the digital camera apparatus
employs a processor that is disposed on the same integrated
circuit as the sensor arrays. The processor may have any
layout, including for example, a layout that is the same as,
or similar to, the layouts described herein (see for example,
105C-105E). In some embodiments, the processor may have
one or more portions that are not disposed on the same
integrated circuit as the sensor arrays and/or may not have
any portions integrated in or disposed on the same integrated
circuit as the sensor arrays (see for example, FIG. 105B). As
stated above, each of the embodiments described above may
be used alone or in combination with any other embodi-
ment(s) or portion thereof described herein or known to
those of ordinary skill in the art.

[0775] To that effect, in some embodiments, the smaller
camera channel is dedicated to two or more separate colors
(or two or more separate bands of colors) and in addition,
has a resolution that is less than the resolution of the larger
camera channel.

[0776] In some embodiments, the camera channels, e.g.,
camera channels 350A-350B, are connected via one or more
communication links to one or more displays. In some such
embodiments, each of the camera channels is connected to
a separate display, i.e., the smaller camera channel, e.g.,
camera channel 350A, is connected to a first display and the
larger camera channel, e.g., camera channel 350B, is con-
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nected to a second display, different than the first display.
The first and second displays may or may not have the same
characteristics. In some embodiments, the first display has a
resolution equal to the resolution of the camera channel
connected thereto. The second display may have a resolution
equal to the resolution of the camera channels connected
thereto, however, other resolutions may be employed.

[0777] Group of Image Sensor Chips

[0778] FIGS. 106A-106C are schematic perspective
views of a system having a plurality of digital camera
apparatus, e.g., two digital camera apparatus, in accordance
with another embodiment of the present invention. The
plurality of digital camera apparatus may be arranged in any
desired manner. In some embodiments, it may be desired to
collect images from opposing directions. In some embodi-
ments, the digital camera apparatus are mounted back to
back, as shown. Some of such embodiments may allow
concurrent imaging in opposing directions.

[0779] In some embodiments, the one or more optics
portions for the first camera subsystem face in a direction
that is opposite to the direction that the one or more optics
portions for the second digital camera apparatus face. In the
illustrated embodiment, for example, the system has first and
second sides generally opposite one another. A first one of
the digital camera apparatus may be positioned to receive
light through a first side of the digital camera apparatus. A
second one of the digital camera apparatus may be posi-
tioned to receive light through the second side of the system.
Other configurations may also be employed.

[0780] In some embodiments, each of the subsystems has
its own sets of optics, filters and sensors arrays, and may or
may not have the same applications and/or configurations as
one another, for example, in some embodiments, one of the
subsystems may be a color system and the other may be a
monochromatic system, one of the subsystems may have a
first field of view and the other may have a separate field of
view, one of the subsystems may provide video imaging and
the other may provide still imaging.

[0781] The plurality of digital camera subassemblies may
have any size and shape and may or may not have the same
configuration as one another (e.g., type, size, shape, resolu-
tion). In the illustrated embodiment, one of the subsystems
has a length and a width that are equal to the length and
width, respectively of the other subsystem, although this is
not required.

[0782] Insome embodiments, one or more sensor portions
for the second digital camera apparatus are disposed on the
same device (e.g., image device) as one or more sensor
portions for the first digital camera apparatus. In some
embodiments, one or more sensor portions for the second
digital camera apparatus are disposed on a second device
(e.g., a second image device), which may be disposed, for
example, adjacent to the image device on which the one or
more sensor portions for the first digital camera apparatus
are disposed.

[0783] In some embodiments, two or more of the digital
camera apparatus share a processor, or a portion thereof. In
some other embodiments, each of the digital camera appa-
ratus has its own dedicated processor separate from the
processor for the other digital camera apparatus.
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[0784] In some embodiments, the system defines a her-
metic package, although this is not required.

[0785] As with each of the embodiments disclosed herein,
this embodiment of the present invention may be employed
alone or in combination with one or more of the other
embodiments disclosed herein, or portion thereof.

[0786] The digital camera apparatus may be assembled
and/or mounted in any manner, for example, but not limited
to in a manner similar to that employed in one or more of the
embodiments disclosed herein.

[0787] FIGS. 107A-107B are a schematic representation
of another embodiment. This embodiment includes a plu-
rality of image devices. In this embodiment each of the each
image devices has one or more sensor arrays for one or more
camera channels. In some embodiments, the image devices
may or may not be similar to one another.

[0788] Although many of the Figures herein show a digital
camera subassembly in the form of a layered assembly, it
should be understood that the digital camera subassembly
may or may not have such a configuration. Indeed, the one
or more camera channels of a digital camera subassembly
may have any configuration. Thus, some embodiments may
have the form of a layered assembly. Some other embodi-
ments may not have the form of a layered assembly.

[0789] For example, FIGS. 108A-108B arc a schematic
representation of digital camera sub assemblies in accor-
dance with further embodiments of the present invention.
The digital camera subassemblies each employ one or more
of the embodiments described herein, or portions thereof.
However, the digital camera subassemblies may or may not
have the form of a layered assembly.

[0790] In this embodiment, the digital camera assembly
includes one or more camera channels. The camera channels
may have any configurations and may or may not have the
same configuration as one another.

[0791] Insome embodiments, each of the camera channels
comprises a 2 M pixel narrow band camera, e.g., a red
camera channel, a blue camera channel and a green camera
channel.

[0792] Insome embodiments, each of the camera channels
comprises a 1.3 M pixel narrow band camera, e.g., a red
camera channel, a blue camera channel and a green camera
channel.

[0793] Insome embodiments, one of the camera channels
is a broadband camera channel, an infrared (IR) camera
channel or an ultraviolet (UV) camera channel.

[0794] However, as stated above, other configurations
may also be employed.

[0795] As with each of the embodiments disclosed herein,
this embodiment of the present invention may be employed
alone or in combination with one or more of the other
embodiments disclosed herein, or portion thereof.

[0796] Active Support

[0797] In some embodiments, the position of each optics
portion relative to the respective sensor portion is fixed. In
some alternative embodiments however, one or more actua-
tors may be provided to provide movement of one or more
of the optics portions, or portions thereof, and/or one or
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more sensor arrays, or portions thereof. In some embodi-
ments, one or more of such actuators are provided in the
support (such a support may comprise, for example, a frame
provided with one or more actuators).

[0798] For example, it may be desirable to provide relative
movement between an optics portion (or one or more
portions thereof) and a sensor array (or one or more portions
thereof), including, for example, but not limited to relative
movement in the x and/or y direction, z direction, tilting,
rotation (e.g., rotation of less than, greater than and/or equal
to 360 degrees) and/or combinations thereof, may be used in
providing various features and/or in the various applications
disclosed herein, including, for example, but not limited to,
increasing resolution (e.g., increasing detail), zoom, 3D
enhancement, image stabilization, image alignment, lens
alignment, masking, image discrimination, auto focus,
mechanical shutter, mechanical iris, hyperspectral imaging,
a snapshot mode, range finding and/or combinations thereof.

[0799] Notably, the inventions described and illustrated in
the U.S. Provisional Application Ser. No. 60/695,946,
entitled “Method and Apparatus for use in Camera and
Systems Employing Same”, filed Jul. 1, 2005, may be
employed in conjunction with the present inventions. For the
sake of brevity, those discussions will not be repeated. It is
expressly noted that the entire contents of the aforemen-
tioned U.S. Provisional Application, including, for example,
the features, attributes, alternatives, materials, techniques
and/or advantages of all of the inventions/embodiments
thereof, are incorporated by reference herein.

[0800] Such movement may be provided for example
using actuators, e.g., MEMS actuators and by applying
appropriate control signal(s) to one or more of the actuators
to cause the one or more actuators to move, expand and/or
contract to thereby move the associated optics portion. It
may be advantageous to make the amount of movement
equal to a small distance, e.g., 2 microns (2 um), which may
be sufficient for many applications. In some embodiments,
for example, the amount of movement may be as small as
about ¥ of the width of one sensor element (e.g., ¥ of the
width of one pixel) on one of the sensor arrays. In some
embodiments, for example, the magnitude of movement
may be equal to the magnitude of the width of one sensor
element or two times the magnitude of the width of one
sensor element.

[0801] Insome embodiments, the relative movement is in
the form of a Y5 pixelx's pixel pitch shift in a 3x3 format.
In other embodiments, the relative movement is in the form
of dithering. In some dithered systems, it may be desirable
to employ a reduced optical fill factor. In some embodi-
ments, snap-shot integration is employed. Some embodi-
ments provide the capability to read out a signal while
integrating.

[0802] Insome embodiments, the digital camera apparatus
employs relative movement by itself, in lieu of or in com-
bination with one or more embodiments disclosed herein in
providing various features and/or in the various applications
disclosed herein, for example, but not limited to, increasing
resolution (e.g., increasing detail), zoom, 3D effects, image
stabilization, image alignment, lens alignment, masking,
image discrimination, auto focus, auto exposure, mechanical
shutter, mechanical iris, hyperspectral imaging, snapshot
mode, range finding and/or combinations thereof.
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[0803] In addition, it should also be understood that such
relative movement may be employed in providing any other
features and/or in various applications now known or later
developed, and may also be employed, if desired, with any
methods and/or apparatus, now known or later developed.

[0804] FIGS. 109A-109D are block diagram representa-
tion showing configurations employed in some embodi-
ments of the present invention.

[0805] Although some of the Figures herein show the
processor separate from the sensor arrays, the processor, or
portions thereof, may have any configuration and may be
disposed in any location or locations. In some embodiments,
one, some or all portions of the processor are disposed on the
same substrate or substrates as one or more of the one or
more of the sensor arrays, e.g., sensor arrays 310A-310D.
However, in some embodiments one, some or all portions of
the processor are disposed on one or more substrates that are
separate from (and possibly remote from) one or more
substrates on which one or more of the one or more sensor
arrays, e.g., sensor arrays 310A-310D, may be disposed.

[0806] Insome embodiments, one or more portions of the
digital camera apparatus include circuitry to facilitate wired,
wireless and/or optical communication to and/or from the
subsystem and/or within the subsystem. Such circuitry may
have any form. In some embodiments, one or more portions
of such circuitry may be part of the processor 340 and may
be disposed in the same integrated circuit as one or more
other portions of the processor 340 and/or may be in a
discrete form, separate from the processor 340 or other
portions thereof.

[0807] FIG. 110A is a block diagram representation of the
processor 340 in accordance with one embodiment of
aspects of the present invention. In this embodiment, the
processor 340 includes one or more channel processors, one
or more image pipelines, and/or one or more image post
processors. Each of the channel processors is coupled to a
respective one of the camera channels and generates an
image based at least in part on the signal(s) received from
the respective camera channel. In some embodiments the
processor 340 generates a combined imaged based at least in
part on the images from two or more of the camera channels.
In some embodiments, one or more of the channel proces-
sors are tailored to its respective camera channel, for
example, as described herein. For example, if one of the
camera channels is dedicated to a specific wavelength or
color (or band of wavelengths or colors), the respective
channel processor may also be adapted to such wavelength
or color (or band of wavelengths or colors). Any of the other
embodiments described herein or combinations thereof, may
also be employed.

[0808] For example, the gain, noise reduction, dynamic
range, linearity and/or any other characteristic of the pro-
cessor, 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 channel processing to the respective camera
channel may help to make 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 camera channel with a dedi-
cated channel processor may help to reduce or simplify the
amount of logic in the channel processors as the channel
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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 wave-
lengths) at another extreme

[0809] 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.

[0810] FIG. 110B shows one embodiment of a channel
processor. In this embodiment, the channel processor
includes column logic, analog signal logic, black level
control and exposure control. The column logic is coupled to
the sensor and reads the signals from the pixels. If the
channel processor is coupled to a camera channel that is
dedicated to a specific wavelength (or band of wavelengths),
it may be advantageous for the column logic to be adapted
to such wavelength (or band of wavelengths). For example,
the column logic may employ an integration time or inte-
gration times adapted to provide a particular dynamic range
in response to the wavelength (or band of wavelengths) to
which the color channel is dedicated. Thus, it may be
advantageous for the column logic in one of the channel
processors to employ an integration time or times that is
different than the integration time or times employed by the
column logic in one or more of the other channel processors.

[0811] The analog signal logic receives the output from
the column logic. If the channel processor is coupled to a
camera channel dedicated to a specific wavelength or color
(or band of wavelengths or colors), it may be advantageous
for the analog signal logic to be specifically adapted to such
wavelength or color (or band of wavelengths or colors). As
such, the analog signal logic can be optimized, if desired, for
gain, noise, dynamic range and/or linearity, etc. For
example, if the camera channel is dedicated to a specific
wavelength or color (or band of wavelengths or colors),
dramatic shifts in the logic and settling time may not be
required as each of the sensor elements in the camera
channel are dedicated to the same wavelength or color (or
band of wavelengths or colors). By contrast, such optimi-
zation may not be possible if the camera channel must
handle all wavelength and colors and employs a Bayer
arrangement in which adjacent sensor elements are dedi-
cated to different colors, e.g., red-blue, red-green or blue-
green.

[0812] The output of the analog signal logic is supplied to
the black level logic, 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 logic can be more finely tuned
to eliminate noise. If the channel processor is coupled to a
camera channel that is dedicated to a specific wavelength or
color (or band of wavelengths or colors), it may be advan-
tageous for the analog signal logic to be specifically adapted
to such wavelength or color (or band of wavelengths or
colors).

[0813] The output of the black level logic is supplied to the
exposure control, which measures the overall volume of
light being captured by the array and adjusts the capture time
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for image quality. Traditional cameras must make this deter-
mination on a global basis (for all colors). If the sensor
coupled to the channel processor is dedicated to a specific
color (or band of colors, the exposure control can be
specifically adapted to the wavelength (or band of wave-
lengths) to which the sensor is targeted. 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 thereby and different than the
capture time provided by one or more of the other channel
processors for one or more of the other camera channels.

[0814] FIG. 110C shows one embodiment of the image
pipeline. In this embodiment, the image pipeline includes
two portions. The first portion includes a color plane inte-
grator and an image adjustor. The color plane integrator
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, sharp-
ness, 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
pipeline, which provides auto focus, zoom, windowing,
pixel binning and camera functions.

[0815] FIG. 110D shows one embodiment of the image
post processor. In this embodiment, the image post processor
includes an encoder and an output interface. 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).

[0816] 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.

[0817] FIG. 110E shows one embodiment of the system
control. In this embodiment, the system control portion
includes a serial interface, configuration registers, power
management, voltage regulation and control, timing and
control, a camera control interface and a serial interface. In
some embodiments, the camera interface comprises an inter-
face that processes signals that are in the form of high level
language (HLL) instructions. The following paragraphs
describe one such embodiment of the system control. It
should be understood however, that the camera interface is
not limited to such an embodiment and may have any
configuration. In some embodiments the camera interface
comprises an interface that processes control signals that are
in the form of low level language (LLL) instructions and/or
of any other form now known or later developed. Some
embodiments may process both HLL instructions and LLL
instructions.

[0818] In the operation of this embodiment, communica-
tion occurs through the serial interface which is connected to
a serial port. For example, signals indicative of instructions
(e.g., HLL camera control instructions), desired settings,
operations and/or data are supplied to the serial interface and
control portion through the through the serial port. If the
signals are not indicative of a HLL camera control instruc-
tion (i.e., a HLL instruction having to do with the camera),
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signals indicative of the desired settings, operations and/or
data are supplied to the configuration registers to be stored
therein. If the signals are indicative of a HLL camera control
instruction, then the HLL instruction is supplied to the HLL
camera control interface. The HLL camera control interface
decodes the instruction to generate signals indicative of
desired (by the user or other device) settings, operations
and/or data, which are supplied to the configuration registers
to be stored therein.

[0819] Signals indicative of the desired settings, opera-
tions and/or data are supplied to the power management,
sensor timing and control portion, channel processors, image
pipeline and image post processor, as appropriate. The
power management portion receives the signals supplied
and, in response at least thereto, supplies control signals to
the voltage regulation power and control portion, which in
turn connects to circuits in the digital camera apparatus. The
sensor timing and control portion receives the signals sup-
plied and, in response at least thereto, supplies control
signals to the sensor arrays to control the operation thereof.
The channel processors receive the signals supplied through
(or lines), and further receives one or more signals from one
or more of the sensor arrays and performs, in response at
least thereto, one or more channel processor operations.

[0820] The image pipeline receives the signals and further
receives one or more signals from one or more of the
channel processors and performs, in response at least
thereto, one or more image pipeline operations.

[0821] The image post processor receives the signals and
further receives one or more signals from the image pipeline
and performs, in response at least thereto, one or more image
post processor operations.

[0822] FIG. 110F shows an example of a high level
language camera control instruction, according to one
embodiment of the present invention. The instruction format
has an op code, e.g., COMBINE, which in this case iden-
tifies the instruction as a type of camera control instruction
and requests that the digital camera apparatus generate a
combined image. The instruction format also has one or
more operands fields, e.g., channel id1, channel id2, which
identify the camera channels to be used in generating the
combined image, at least in part.

[0823] As used herein, the term “combined image” means
an image based, at least in part, on information captured by
two or more camera channels. The combined image may be
generated in any manner. Example camera channels include
but are not limited to camera channels 350A-350D.

[0824] An example of a HLL camera control instruction
that uses the instruction format of FIG. 110E is “COMBINE
1, 2””—this instruction calls for an output image based at
least in part on information captured by a camera channel
designated as “camera channel 17, e.g., camera channel
350A, and a camera channel designated as “camera channel
2”7, e.g., camera channel 350B.

[0825] Another example is COMBINE 1, 2, 3, 4—this
instruction calls for an output image based at least in part on
information captured by a camera channel designated as
“camera channel 17, e.g., camera channel 350A, and a
camera channel designated as “camera channel 27, e.g.,
camera channel 350B, a camera channel designated as

Ex.1051 / Page 298 of 318
TESLA, INC.



US 2006/0054782 Al

“camera channel 3”, e.g., camera channel 350C, and a
camera channel designated as “camera channel 47, e.g.,
camera channel 350D.

[0826] The availability of a COMBINE and other HLL
instruction for the digital camera apparatus provides instruc-
tions in a form that is closer to human language than is the
form of machine language and/or assembly language,
thereby helping to bring about writing, reading and/or main-
taining programs for the digital camera apparatus.

[0827] It should be recognized that the present invention is
not limited to the COMBINE instruction and HLL instruc-
tion format shown in FIG. 110E and that other instruction
formats including for example other HLL instruction for-
mats may be used.

[0828] For example, in some embodiments, the camera
channels are not specified in the instruction, but rather are
implied, for example, based on the op code. In such embodi-
ments, the digital camera apparatus may be configured, for
example, to automatically generate a combined image based
at least in part on a group of predetermined camera channels
whenever a COMBINE instruction is supplied. Alterna-
tively, for example, a plurality of different COMBINE or
other HLL instructions may be supported, each having a
different op code. The different op codes may implicitly
identify the particular camera channels of interest. For
example, the instruction “COMBINE12” may call for an
output image based at least in part on information captured
by a camera channel designated as “camera channel 17, e.g.,
camera channel 350A, and a camera channel designated as
“camera channel 2”7, e.g., camera channel 350B.

[0829] The instruction “COMBINE1234” may call for an
output image based at least in part on information captured
by a camera channel designated as “camera channel 17, e.g.,
camera channel 350A, and a camera channel designated as
“camera channel 2”, e.g., camera channel 350B, a camera
channel designated as “camera channel 37, e.g., camera
channel 350C, and a camera channel designated as “camera
channel 4”, e.g., camera channel 350D.

[0830] Insomeembodiments, a single COMBINE instruc-
tion causes more than one combined image to be generated.
The camera channels of interest for the additional(s) com-
bined images may be implied based on the opcode (e.g., as
discussed above). Alternatively, for example the camera
channels of interest for the additional combined images may
be implied based on the supplied operands.

[0831] FIG. 110G shows high level language instructions
in accordance with further embodiments of the present
invention.

[0832] In some embodiments, one or more of the instruc-
tions may cause the camera interface to initiate the operation
suggested thereby. For example, if the instruction “Whte
Balance Manual” is received, the camera interface may
instruct the white balance control to operate in manual mode
and/or initiate signals that eventually cause the camera to
operate in such a mode.

[0833] These instructions may be used, for example, to
control the camera set-up and/or the operating mode of one
or more aspects of the camera that have two or more states,
e.g., “on/off” and/or “manual/auto”.
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[0834] Some embodiments include one, some or all of the
instructions of FIG. 110G. Some other embodiments may
not employ any of the instructions listed in FIG. 110G.

[0835] FIG. 110H shows high level language instructions
in accordance with further embodiments of the present
invention.

[0836] Insome embodiments, one or more of the instruc-
tions may cause the camera interface to initiate the operation
suggested thereby. For example, if the instruction “Single
Frame Capture” is received, the camera interface may ini-
tiate capture of a single frame.

[0837] Some embodiments include one, some or all of the
instructions of FIG. 110H. Some other embodiments may
not employ any of the instructions listed in FIG. 110H.
Some embodiments may include one or more instructions
from FIG. 110G and one or more instructions from FIG.
110H, alone and/or in combination with signals of any other
form.

[0838] In some embodiments, the camera interface can be
configured to provide limited access to Low Level Com-
mands to provide specific user defined functionality.

[0839] The form of the signals for the camera interface
may be predetermined, adaptively determined and/or user
determined. In some embodiments, for example, a user may
define an instruction set and/or a format for the interface.

[0840] As stated above, the camera interface is not limited
to embodiments that employ a HLL camera control inter-
face. The camera interface may have any configuration. In
some embodiments the camera interface comprises an inter-
face that processes control signals that are in the form of low
level language (LLL) instructions and/or of any other form
now known or later developed. Some embodiments may
process both HLL instructions and LLL instructions.

[0841] It should be understood that the processor 340 is
not limited to the portions and/or operations set forth above.
For example, the processor 340 may comprise any type of
portions or combination thereof and/or may carry out any
operation or operations.

[0842] It should also be understood that the processor 340
may be implemented in any manner. For example, the
processor 340 may be programmable or non programmable,
general purpose or special purpose, dedicated or non dedi-
cated, distributed or non distributed, shared or not shared,
and/or any combination thereof. If the processor 340 has two
or more distributed portions, the two or more portions may
communicate via one or more communication links. A
processor may include, for example, but is not limited to,
hardware, software, firmware, hardwired circuits and/or any
combination thereof. In some embodiments, one or more
portions of the processor 340 may be implemented in the
form of one or more ASICs. The processor 340 may or may
not execute one or more computer programs that have one
or more subroutines, or modules, each of which may include
a plurality of instructions, and may or may not perform tasks
in addition to those described herein. If a computer program
includes more than one module, the modules may be parts
of one computer program, or may be parts of separate
computer programs. As used herein, the term module is not
limited to a subroutine but rather may include, for example,
hardware, software, firmware, hardwired circuits and/or any
combination thereof.
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[0843] In some embodiments, the processor 340 includes
circuitry to facilitate wired, wireless and/or optical commu-
nication to and/or from the digital camera apparatus. Such
circuitry may have any form. In some embodiments, one or
more portions of such circuitry is disposed in the same
integrated circuit as the other portions of the processor 340.
In some embodiments, one or more portions of such cir-
cuitry are in a discrete form, separate from the integrated
circuit for the other portions of the processor 340 or portions
thereof.

[0844] In some embodiments, the processor 340 com-
prises at least one processing unit connected to a memory
system via an interconnection mechanism (e.g., a data bus).
A memory system may include a computer-readable and
writeable recording medium. The medium may or may not
be non-volatile. Examples of non-volatile medium include,
but are not limited to, magnetic disk, magnetic tape, non-
volatile optical media and non-volatile integrated circuits
(e.g., read only memory and flash memory). A disk may be
removable, e.g., known as a floppy disk, or permanent, e.g.,
known as a hard drive. Examples of volatile memory include
but are not limited to random access memory, e.g., dynamic
random access memory (DRAM) or static random access
memory (SRAM), which may or may not be of a type that
uses one or more integrated circuits to store information.

[0845] If the processor 340 executes one or more com-
puter programs, the one or more computer programs may be
implemented as a computer program product tangibly
embodied in a machine-readable storage medium or device
for execution by a computer. Further, if the processor 340 is
a computer, such computer is not limited to a particular
computer platform, particular processor, or programming
language. Computer programming languages may include
but are not limited to procedural programming languages,
object oriented programming languages, and combinations
thereof.

[0846] A computer may or may not execute a program
called an operating system, which may or may not control
the execution of other computer programs and provides
scheduling, debugging, input/output control, accounting,
compilation, storage assignment, data management, com-
munication control, and/or related services. A computer may
for example be programmable using a computer language
such as C, C++, Java or other language, such as a scripting
language or even assembly language. The computer system
may also be specially programmed, special purpose hard-
ware, or an application specific integrated circuit (ASIC).

[0847] Example output devices include, but are not limited
to, displays(e.g., cathode ray tube (CRT) devices, liquid
crystal displays (LCD), plasma displays and other video
output devices), printers, communication devices for
example modems, storage devices such as a disk or tape and
audio output, and devices that produce output on light
transmitting films or similar substrates. An output device
may include one or more interfaces to facilitate communi-
cation with the output device. The interface may be any type
of interface, e.g., proprietary or not proprietary, standard (for
example, universal serial bus (USB) or micro USB) or
custom or any combination thereof.

[0848] Example input devices include but are not limited
to buttons, knobs, switches, keyboards, keypads, track ball,
mouse, pen and tablet, light pen, touch screens, and data
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input devices such as audio and video capture devices. An
output device may include one or more interfaces to facili-
tate communication with the output device. The interface
may be any type of interface, for example, but not limited to,
proprietary or not proprietary, standard (for example, uni-
versal serial bus (USB) or micro USB) or custom or any
combination thereof.

[0849] In addition, as stated above, it should be under-
stood that the features disclosed herein can be used in any
combination.

[0850] Input signals to the processor 340 may have any
form and may be supplied from any source, for example, but
not limited to, one or more sources within the digital camera
apparatus (e.g., the user peripheral interface on the digital
camera) and/or one or more other devices. For example, in
some embodiments, the peripheral user interface includes
one or more input devices by which a user can indicate one
or more preferences in regard to one or more desired
operating modes (e.g., resolution, manual exposure control)
and the peripheral user interface generates one or more
signals indicative of such preference or preferences. In some
embodiments, one or more portions of the processor 340
generates one or more signals indicative of one or more
desired operating mode. In some embodiments, the one or
more portions of the processor 340 generates one or more of
such signals in response to one or more inputs from the
peripheral user interface.

[0851] Insome embodiments, one or more portions of the
digital camera apparatus include circuitry to facilitate wired,
wireless and/or optical communication to and/or from the
subsystem and/or within the subsystem. Such circuitry may
have any form. In some embodiments, one or more portions
of such circuitry may be part of the processor 340 and may
be disposed in the same integrated circuit as one or more
other portions of the processor 340 and/or may be in a
discrete form, separate from the processor 340 or other
portions thereof.

[0852] Insome embodiments, the digital camera apparatus
includes a memory section that is supplied with and/or stores
one, some or all of the images and/or other information
generated or used by the digital camera apparatus and/or or
any other information from any source and desired to be
stored for any duration. The memory section may supply one
or more of such images and/or such other information to one
or more other devices and/or to one or more portions of the
processor 340, for example, to be further processed and/or to
be supplied to one or more other devices. The memory
section may be, for example, part of the processor 340
and/or coupled to one or more portions of the processor 340
via one or more communication links. In some embodi-
ments, the memory section is also coupled to one or more
other devices via one or more communication links. In such
embodiments, the memory section may supply one or more
of the stored images and/or other information to one or more
of the one or more other devices, directly (i.e., without
passing through the any other portion of the processor 340)
via one or more of the one or more communication links,
although this is not required.

[0853] FIG. 111A shows another embodiment of the chan-
nel processor. In this embodiment, the channel processor
includes a double sampler, an analog to digital converter, a
black level clamp and a deviant pixel correction.
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[0854] An image may be represented as a plurality of
picture element (pixel) magnitudes. Each pixel magnitude
indicates the picture intensity (relative darkness or relative
lightness) at an associated location of the image. A relatively
low pixel magnitude indicates a relatively low picture inten-
sity (i.e., relatively dark location). Conversely, a relatively
high pixel magnitude indicates a relatively high picture
intensity (i.e., relatively light location). The pixel magni-
tudes are selected from a range that depends on the resolu-
tion of the sensor.

[0855] FIG. 111B is a graphical representation of a neigh-
borhood of pixel values. FIG. 111B further illustrates a
plurality of prescribed spatial directions, namely, a first
prescribed spatial direction (e.g., the horizontal direction), a
second prescribed spatial direction (e.g., the vertical direc-
tion), a third prescribed spatial direction (e.g., a first diago-
nal direction), and a fourth prescribed spatial direction (e.g.,
a second diagonal direction). The pixel P22 is adjacent to
pixels P12, P21, P32 and P23. The pixel P22 is offset in the
horizontal direction from the pixel P32. The pixel P22 is
offset in the vertical direction from the pixel P23. The pixel
P22 is offset in the first diagonal direction from the pixel
P11. The pixel P22 is offset in the second diagonal direction
from the pixel P31.

[0856] The double sampler determines the amount by
which the value of each pixel changes during the exposure
period, thereby in effect providing an estimate of the amount
of light received by each pixel during an exposure period.
For example, a pixel may have a first value, Vstart, prior to
an exposure period. The first value, Vstart, may or may not
be equal to zero. The same pixel may have a second value,
Vend, after the exposure period. The difference between the
first and second values, i.e., Vend-Vstart, is indicative of the
amount of light received by the pixel.

[0857] FIG. 111C shows a flowchart of operations
employed in this embodiment of double sampling.

[0858] The value of a plurality of pixels in a sensor array
are reset to an initial state prior to the beginning of an
exposure period. The value of each pixel is sampled prior to
the start of an exposure period. The value of each pixel is
sampled after the exposure period and signals indicative
thereof are supplied to the double sampler. The double
sampler generates a signal for each pixel, indicative of the
difference between the start and end values for such pixel.

[0859] As stated above, the magnitude of each difference
signal is indicative of the amount of light received at a
respective location of the sensor array. A difference signal
with a relatively low magnitude indicates that a relatively
low amount of light is received at the respective location of
the sensor array. A difference signal with a relatively high
magnitude indicates that a relatively high amount of light is
received at the respective location of the sensor array.

[0860] Referring again to FIG. 111A, the difference sig-
nals generated by the double sampler are supplied to an
analog to digital converter, which samples each of such
signals and generates a sequence of multi-bit digital signals
in response thereto, each multi-bit digital signal being
indicative of a respective one of the difference signals.

[0861] The multi-bit digital signals are supplied to a black
level clamp, which compensates for drift in the sensor array
of the camera channel.
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[0862] The difference signals should have a magnitude
equal to zero unless the pixels are exposed to light. However,
due to imperfection in the sensor (e.g., leakage currents) the
value of the pixels may change (e.g., increase) even without
exposure to light. For example, a pixel may have a first
value, Vstart, prior to an exposure period. The same pixel
may have a second value, Vend, after the exposure period. If
drift is present, the second value may not be equal to the first
value, even if the pixel was not exposed to light. The black
level clamp compensates for such drift.

[0863] To accomplish this, in some embodiments, a per-
manent cover is applied over one or more portions (e.g., one
or more rows and/or one or more columns) of the sensor
array to prevent light from reaching such portions. The cover
is applied, for example, during manufacture of the sensor
array. The difference signals for the pixels in the covered
portion(s) can be used in estimating the magnitude (and
direction) of the drift in the sensor array.

[0864] In this embodiment, the black level clamp gener-
ates a reference value (which represents an estimate of the
drift within the sensor array) having a magnitude equal to the
average of the difference signals for the pixels in the covered
portion(s). The black level clamp thereafter compensates for
the estimated drift by generating a compensated difference
signal for each of the pixels in the uncovered portions, each
compensated difference signal having a magnitude equal to
the magnitude of the respective uncompensated difference
signal reduced by the magnitude of the reference value
(which as stated above, represents an estimate of the drift).

[0865] The output of the black level clamp is supplied to
the deviant pixel identifier, which seeks to identify defective
pixels and help reduce the effects thereof.

[0866] In this embodiment, a defective pixel is defined as
pixel for which one or more values, difference signal and/or
compensated difference signal fails to meet one or more
criteria, in which case one or more actions are then taken to
help reduce the effects of such pixel. In this embodiment, for
example, a pixel is defective if the magnitude of the com-
pensated difference signal for the pixel is outside of a range
of reference values (i.e., less than a first reference value or
greater than a second reference value). The range of refer-
ence values may be a predetermined, adaptively determined
and/or any combination thereof.

[0867] If the magnitude of the compensated difference
signal is outside such range, then the magnitude of the
compensated difference signal is set equal to a value that is
based, at least in part, on the compensated difference signals
for one or more pixels adjacent to the defective pixel, for
example, an average of the pixel offset in the positive x
direction and the pixel offset in the negative x direction.

[0868] FIG. 111D shows a flowchart of operations
employed in this embodiment of the defective pixel identi-
fier. The magnitude of each compensated difference signal is
compared to a range of reference values. If a magnitude of
a compensated difference signal is outside of the range of
reference values, then the pixel is defective and the magni-
tude of difference signal is set to a value in accordance with
the methodology set forth above.

[0869] FIG. 111E shows another embodiment of the
image pipeline.
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[0870] In this embodiment, the image pipeline includes an
image plane integrator, image plane alignment and stitching,
exposure control, focus control, zoom control, gamma cor-
rection, color correction, edge enhancement, chroma noise
reduction, white balance, color enhancement, image scaling
and color space conversion.

[0871] The output of a channel processor is a data set that
represents a compensated version of the image captured by
the camera channel. The data set may be output as a data
stream. For example, the output from the channel processor
for camera channel A represents a compensated version of
the image captured by camera channel A and may be in the
form of a data stream P, P,,, ... P,,. The output from the
channel processor for camera channel B represents a com-
pensated version of the image captured by camera channel
B and may be in the form of a data stream Py, Pg,, ... Py,
The output from the channel processor for camera channel
C represents a compensated version of the image captured
by camera channel C and is in the form of a data stream P,
P.,, . . . Po,. The output from the channel processor for
camera channel D represents a compensated version of the
image captured by camera channel D and is in the form of

a data stream Pp, Pp,, . . . Pp,.

[0872] The image plane integrator receives the data from
each of the two or more channel processors and combines
such data into a single data set, e.g., PA1, Pg1, Pe1, Pois Pass

PB 2> PCZ’ PDZ’ PA3’ PBB’ PCB’ PDB’ PAn’ PBn’ PCrA’ PDrA‘ FIG'
111F shows one embodiment of the image plane integrator.

[0873] In this embodiment, the image plane integrator
includes a multiplexer and a multi-phase phase clock.

[0874] The multiplexer has a plurality of inputs in0, inl,
in2, in3, each of which is adapted to receive a stream (or
sequence) of multi-bit digital signals. The data stream of
multi-bit signals, P,,, P,,, . . . P,,, from the channel
processor for camera channel A is supplied to input in0. The
data stream Py, Py, . . . P, from the channel processor for
camera channel B is supplied to input inl. The data stream
Peyis Peo, - . . P, from the channel processor for camera
channel C is supplied to input in2. The data stream Py, Py,
... Py, from the channel processor for camera channel D is
supplied to the input in3. The multiplexer has an output, out,
that supplies a multi-bit output signal. Note that in some
embodiments, the multiplexer comprises of a plurality of
four input multiplexers each of which is one bit wide.

[0875] The multi-phase clock has an input enable that
receives a signal. The multi-phase clock has outputs, ¢0, c1,
which are supplied to the inputs s0, s1 of the multiplexer. In
this embodiment, the multi-phase clock has four phases,
shown in FIG. 111G.

[0876] The operation of the image plane integrator is as
follows. The integrator has two states. One state is a wait
state. The other state is a multiplexing state. Selection of the
operating state is controlled by the logic state of the enable
signal supplied to the multi-phase clock. The multiplexing
state has four phases, which correspond to the four phases of
the multi-phase clock. In phase 0, neither of the clock signals
cl, c0 are asserted causing the multiplexer to output one of
the multi-bit signals from the A camera channel, e.g., P, ;. In
phase 1, clock signals c0, is asserted causing the multiplexer
to output one of the multi-bit signals from the B camera
channel, e.g., Pg,. In phase 2, clock signal cl, is asserted
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causing the multiplexer to output one of the multi-bit signals
from the C camera channel, e.g., P.,. In phase 0, both of the
clock signals c1, c0 are asserted causing the multiplexer to
output one of the multi-bit signals from the D camera
channel, e.g., Pp;.

[0877] Thereafter, the clock returns to phase 0, causing the
multiplexer to output another one of the multi-bit signals
from the A camera channel, e.g., P,,,. Thereafter, in phase 1,
the multiplexer outputs another one of the multi-bit signals
from the B camera channel, e.g., Py,. In phase 2, the
multiplexer outputs another one of the multi-bit signals from
the C camera channel, e.g., P,. In phase 3, the multiplexer
outputs another one of the multi-bit signals from the D
camera channel, e.g., Pp,.

[0878] This operation is repeated until the multiplexer has
output the last multi-bit signal from each of the camera
channels, e.g., P, Ps,, P, and P, .

[0879] The output of the image plane integrator is supplied
to the image planes alignment and stitching portion. The
purpose of this portion is to determine how the images
should be aligned so that a target captured by different
camera channels is aligned at the same position within the
respective images e.g., to make sure that a target captured by
different camera channels appears at the same place within
each of the camera channel images).

[0880] For example, our eyes are good example of 2
channel image plane system. When we hold a pencil about
1 ft in front of our eyes, close our left eye and use our right
eye to see the pencil, we will see the pencil at a particular
location that is different than when we close our right eye
and use the left eye to see the pencil. This is because our
brain only receives 1 image at a time and couldn’t correlate
it with the other image from the other eye that was received
at different time. When we open both of our eyes and try to
see the pencil again (hold it at the same location as previous
experiment), our brain will receive the 2 images of the pencil
at the same time. In this case, our brain will automatically try
to align the 2 images of the same pencil and we will perceive
a single image of a pencil in front of us, except this one
becomes a stereo image.

[0881] In the case of the digital camera apparatus, the
automatic image planes alignment and stitching portion
determines how the 2, 3, 4, 5 or more image channels should
be aligned.

[0882] FIGS. 111H-111J are explanatory views showing
representations of images generated by three camera chan-
nels, e.g., camera channels 350A, 350B, 350C, respectively,
arranged in a triangular constellation in accordance with one
embodiment of the present invention and employed in one
embodiment of the automatic image planes alignment and
stitching portion.

[0883] Each image has a plurality of pixels arranged in a
plurality of rows. More particularly, the image for a first
camera channel, e.g., camera channel 350A, has rows 1-n.
The image for a second camera channel, e.g., camera chan-
nel 350B, has rows 1-n. The image for a third camera
channel, e.g., camera channel 350C, has rows 1-n. A refer-
ence line identifies a horizontal reference point (e.g., mid-
point) in the image for the first camera channel. A reference
line identifies a horizontal reference point (e.g., midpoint) in
the image for the second camera channel. A reference line
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identifies a horizontal reference point (e.g., midpoint) in the
image for the third camera channel.

[0884] An object appears in each of the three images. In
this embodiment, the object appears at a different position in
each image, for example as a result of spatial offset between
the camera channels. For example, the object has two edges
that intersect at an apex. In the image for the first camera
channel, e.g., camera channel 350A, the apex appears in row
2 and in line with the horizontal reference point. In the image
for the second camera channel, e.g., camera channel 350B,
the apex appears in row 3 and to the left of the horizontal
reference point. In the image for the third camera channel,
e.g., camera channel 350C, the apex appears in row 3 and to
the right of the horizontal reference point.

[0885] FIGS. 111K-111Q are explanatory views showing
a representation of a process carried out by the automatic
image alignment portion for the system with three camera
channels, in accordance with one embodiment of the present
invention. In this embodiment, the automatic image align-
ment performs vertical and horizontal alignment.

[0886] In that regard, vertical alignment may be per-
formed first, although any order could be employed. The
portion uses one of the images (e.g., the image for the first
camera channel, e.g., camera channel 350A) as a reference
image for comparison with the other images. The automatic
image alignment portion may initially compare row 1 of the
reference image to row 1 of the other images and determines
whether such rows of such images defines a similar edge
feature. In this example, none of the images have an edge
feature in the first row and thus there is not a similar edge
feature in each of such rows. As a result, the portion outputs
data corresponding to such rows (i.e., row 1 of each of the
three images) to the image scaling portion. In the next
comparison operation, the automatic image alignment por-
tion compares row 1 of the first image to row 2 of the other
images. In this example, none of such rows have an edge
feature and thus there is not a similar edge feature in each of
such rows. As a result, the portion outputs data correspond-
ing to such rows (i.e., row 1 of the first image and row 2 of
each of the other images) to the image scaling portion. In the
next comparison operation, the automatic image alignment
portion compares row 1 of the first image to row 3 of the
other images. Although row 3 of the images for the second
and third channels each have an edge feature, row 1 the
image for the first channel does not have an edge.

[0887] The maximum number of comparison operations
that use a particular row (of the reference image) may be
selected based on the physical spacing between the camera
channels. In this embodiment, for example, a particular row
of the reference image is used for three comparison opera-
tions at most. Thus, in subsequent comparison operations,
the automatic image alignment uses row 2 of the image for
the first camera channel, rather than row 1 of the image for
the first camera channel. In the next comparison operation,
the automatic image alignment portion compares row 2 of
the first image to row 2 of the other images. Although row
2 of the image for the first camera channel has an edge, row
2 of the other camera channels does not have any edge. In
the next comparison operation, the automatic image align-
ment portion compares row 2 of the first image to row 3 of
the other images. In this example, each of such rows has a
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similar edge feature. The automatic image alignment portion
uses this as an indication of an overlapping image (or portion
thereof).

[0888] Horizontal alignment is then performed. The por-
tion determines the magnitude and the direction by which
the image for the second channel and the image for the third
channel should be shifted to align the edge feature in such
images with the edge feature in the image for the first camera
channel and determines the width of the overlap of the
images (e.g., the extent by which the images overlap in the
horizontal direction).

[0889] Inthe next comparison operation, the portion com-
pares the next row of the reference image (e.g., row 3) to the
next rows of the other images (e.g., row 4) and repeats the
operations set forth above to determine a minimum width of
the overlap of the images.

[0890] The images may be cropped in accordance with the
vertical overlap and the minimum horizontal overlap. The
output of the automatic image alignment portion is a
cropped aligned image, which is supplied to the image
scaling portion. In some embodiments, the image scaling
portion enlarges (e.g., upsamples) the cropped aligned
image to generate an image that has the same size as that of
the original images.

[0891] Some embodiments employ additional alignment
methods, alone or in combination with any of the methods
described herein. For example, in some embodiments, the
above method is used in cases when the objects are relatively
far from the camera and other methods are used when
objects are relatively close to the camera.

[0892] FIG. 111AF shows a flowchart of operations that
may be employed in the alignment portion, in accordance
with another embodiment of the present invention. This
embodiment of alignment may be used for example, for
images that include one or more close objects.

[0893] In this embodiment, edges are extracted at one of
the planes. Neighborhood pixels (kernel) are defined for
each edge pixel. Thereafter, the kernels of each edge pixel
may be matched with pixels in the other color planes, for
example, by shifting the kernel towards the direction where
the other color plane is relatively located. One or more
determinations may be made as to how well the kernels of
each edge pixel are matched with pixels in the other color
plane. In this regard, a matching cost function may be
employed to quantify how well the kernels of each edge
pixel are matched with pixels in the other color plane. In the
course of determining the best positions of each edge in the
next plane, the relative positions of each edge may be
checked to confirm that they preserve the same structure
after shifting according to the best matches.

[0894] After the final positions of the edges are set, the
intervals between edges may be mapped, for example, using
a linear mapping and/or shifting. Post processing may be
performed on the shift amounts to confirm that there are no
outliers (no unexpected shifts relative to the surrounding
pixels).

[0895] The initial matching of the first two color planes
may be employed as a reference in regard to how much shift
to expect at each pixel in the other color planes.
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[0896] The above operations may be applied, for example,
between the initial color plane and all the other color planes.

[0897] 1t should be understood that the automatic image
alignment portion is not limited to the embodiment above.
For example, in some embodiments, fewer than three or
more than three camera channels are aligned. Moreover, any
other technique may be employed to align two or more
images.

[0898] The alignment carried out by the automatic image
alignment portion may be predetermined, processor con-
trolled and/or user controlled. In some embodiments, the
automatic alignment portion has the ability to align fewer
than all of the camera channels (e.g., any two or more). In
such embodiments, one or more signals may be supplied to
the automatic image alignment portion to indicate the cam-
era channels to align, and the automatic image alignment
portion may align the indicated camera channels in
response, at least in part, to such one or more signals. The
one or more signals, may be predetermined or adaptively
determined, processor controlled and/or user controlled.

[0899] It should also be understood that automatic image
alignment may not be required in every embodiment.

[0900] The output of the image planes alignment and
stitching is supplied to the exposure control, the purpose of
which is to help make sure that the captured images are not
over exposed or under exposed. An over exposed image is
too bright. An under exposed image is too dark.

[0901] FIG. 111R shows one embodiment of the auto-
matic exposure control. In some embodiments, the auto
exposure control generates a brightness value indicative of
the brightness of the image supplied thereto. The auto
exposure control compares the generated brightness value
against one or more reference values, e.g., two values where
the first value is indicative of a minimum desired brightness
and the second value is indicative of a maximum desired
brightness. The minimum and/or maximum brightness may
be predetermined, processor controlled and/or user con-
trolled. In some embodiments, for example, the minimum
desired brightness and maximum desired brightness values
are supplied by the user so that images provided by the
digital camera apparatus will not be too bright or too dark,
in the opinion of the user.

[0902] If the brightness value is within the minimum
desired brightness and maximum desired brightness (i.c.,
greater than or equal to the minimum and less than or equal
to the maximum), then the auto exposure control does not
change the exposure time. If the brightness value is less than
the minimum desired brightness value, the auto exposure
control supplies control signals that cause the exposure time
to increase until the brightness is greater than or equal to the
minimum desired brightness. If the brightness value is
greater than the maximum brightness value, then the auto
exposure control supplies control signals that cause the
exposure time to decrease until the brightness is less than or
equal to the maximum brightness value. After the brightness
value is within the minimum and maximum brightness
values (i.e., greater than or equal to the minimum and less
than or equal to the maximum), the auto exposure control
supplies a signal that enables a capture mode, wherein the
user is able to press the capture button to initiate capture of
an image and the setting for the exposure time causes an
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exposure time that results in a brightness level (for the
captured image) that is within the user preferred range. In
some embodiments, the digital camera apparatus provides
the user with the ability to manually adjust the exposure time
directly, similar to adjusting an iris on a conventional film
camera.

[0903] Insome embodiments, the digital camera apparatus
employs relative movement between an optics portion (or
one or more portions thereof) and a sensor array (or one or
more portions thereof), to provide a mechanical iris for use
in auto exposure control and/or manual exposure control. As
stated above, such movement may be provided for example
using actuators, e.g., MEMS actuators and by applying
appropriate control signal(s) to one or more of the actuators
to cause the one or more actuators to move, expand and/or
contract to thereby move the associated optics portion.

[0904] As with each of the embodiments disclosed herein,
the above embodiments may be employed alone or in
combination with one or more other embodiments disclosed
herein, or portions thereof.

[0905] In addition, it should also be understood that the
embodiments disclosed herein may also be used in combi-
nation with one or more other methods and/or apparatus,
now known or later developed.

[0906] As mentioned above, the inventions described and
illustrated in the U.S. Provisional Application Ser. No.
60/695,946, entitled “Method and Apparatus for use in
Camera and Systems Employing Same”, filed Jul. 1, 2005,
may be employed in conjunction with the present inven-
tions. For the sake of brevity, those discussions will not be
repeated. It is expressly noted that the entire contents of the
aforementioned U.S. Provisional Application, including, for
example, the features, attributes, alternatives, materials,
techniques and/or advantages of all of the inventions/em-
bodiments thereof, are incorporated by reference herein.

[0907] The output of the exposure control is supplied to
the Auto/Manual focus control portion, which helps make
the objects (e.g., the target(s) of an image) that are within the
field of view appear in focus. Generally, objects in an image
appear blurred if the image is over focus or under focus. The
image may have peak sharpness when the lens is in focus
point. In some embodiments, the auto focus control portion
detect the amount of blurriness of an image, e.g., while the
digital camera apparatus is in a preview mode, and provides
control signals that cause the lens assembly to move back
and forth, accordingly, until the auto focus control portion
determines that the lens is at the focus point. Many of the
digital still cameras available today utilize such type of
mechanism.

[0908] In some embodiments, the auto/manual focus por-
tion is adapted to help increase the Depth of Focus of the
digital camera apparatus. Depth of Focus can be viewed as
a measure of how much an object that is in focus within a
field of view can be moved forward or backward before the
object becomes “out of focus”. Depth of Focus is based at
least in part on the lens employed in the optical portion.
Some embodiments employ one or more optical filters in
combination with a one or more algorithms to increase the
Depth of Focus. The optical filter or filters may be conven-
tional optical filters for increasing Depth of Focus and may
be disposed superjacent (on or above) the top of the lens,
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although this is not required. Any type of optical filter and
positioning thereof may be employed. Similarly, the algo-
rithm or algorithms may be a conventional wave front
encoding algorithm, although this is not required. Any type
of algorithm or algorithms may be employed. In some
embodiments, the auto focus mechanism increases the
Depth of Focus by a factor of ten (e.g., the Depth of Focus
provided with the auto focus mechanism is ten time as large
as the Depth of Focus of the lens alone (without the auto
focus mechanism), to make the system less sensitive or
insensitive to the position of objects within a field of view.
In some embodiments, the auto focus mechanism increases
the Depth of Focus by a factor of twenty or more (e.g., the
Depth of Focus provided with the auto focus mechanism is
twenty time as large as the Depth of Focus of the lens alone
(without the auto focus mechanism), to further decrease the
sensitivity of the position of the object within a field of view
and/or to make the system insensitive to the position of
objects within a field of view.

[0909] Insome embodiments, the digital camera apparatus
may provide the user with the ability to manually adjust the
focus.

[0910] Insome embodiments, the digital camera apparatus
employs relative movement between an optics portion (or
one or more portions thereof) and a sensor array (or one or
more portions thereof), to help provide an auto focus and/or
manual focus. As stated above, such movement may be
provided for example using actuators, e.g., MEMS actuators
and by applying appropriate control signal(s) to one or more
of the actuators to cause the one or more actuators to move,
expand and/or contract to thereby move the associated optics
portion. (See, for example, U.S. Provisional Application Ser.
No. 60/695,946, entitled “Method and Apparatus for use in
Camera and Systems Employing Same”, filed Jul. 1, 2005,
which is again incorporated by reference).

[0911] The auto/manual focus is not limited to the above
embodiments. Indeed, any other type of auto/manual focus
now known or later developed may be employed.

[0912] In addition, as with each of the embodiments
disclosed herein, the above embodiments may be employed
alone or in combination with one or more other embodi-
ments disclosed herein, or portions thereof.

[0913] It should be understood that each of the embodi-
ments disclosed herein may also be used in combination
with one or more other methods and/or apparatus, now
known or later developed.

[0914] 1t should also be understood that auto focus and
manual focus are not required. Further, the focus portion
may provide auto focus without regard to whether the ability
to manual focus is provided. Similarly, the focus portion
may provide manual focus without regard to whether the
ability to auto focus is provided.

[0915] The output of the auto focus control is supplied to
the zoom controller.

[0916] FIG. 1118 is schematic block diagram of one
embodiment of the zoom controller, which may for example,
help provide “optical zoom” and/or “digital zoom” capabil-
ity. The optical zoom may be any type of optical zoom now
know or later developed. An example of conventional opti-
cal zoom (which moves the one or more lens elements
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backward and forward) is described herein above. Similarly,
the digital zoom may be any type of digital zoom now know
or later developed. Note that the determination of the desired
zoom window may be predetermined, processor controlled
and/or user controlled.

[0917] One drawback to digital zooming is a phenomenon
referred to as aliasing. For example, when a television
anchor on a news channels wears a striped tie, the television
image of the striped tie sometimes includes color phenom-
ena that do not appear on the actual tie. Aliasing of this type
is common when a system does not have sufficient resolution
to accurately represent one or more features of an object
within the field of view. In the above example, the television
camera does not have enough resolution to accurately cap-
ture the striped pattern on the tie.

[0918] Insome embodiments, the digital camera apparatus
employs relative movement between an optics portion (or
one or more portions thereof) and a sensor array (or one or
more portions thereof), to help increase resolution, thereby
helping to reduce and/or minimize aliasing that might oth-
erwise occur as a result of digital zooming. As stated above,
such relative movement may be provided for example using
actuators, e.g., MEMS actuators and by applying appropriate
control signal(s) to one or more of the actuators to cause the
one or more actuators to move, expand and/or contract to
thereby move the associated optics portion.

[0919] In some embodiments, for example, an image is
captured and an optics portion is thereafter moved in the x
direction by a distance equal to %: of the width of a pixel. An
image is captured with the optics in the new position. The
captured images may be combined to increase the effective
resolution. In some embodiments, the optics portion is
moved in the y direction instead of the x direction. In some
other embodiments, the optics portion is moved in the x
direction and the y direction and an image is captured at such
position. In further embodiments, an image is also captured
at all four positions (i.e., no movement, moved in x direc-
tion, moved in y direction, moved in x direction and y
direction) and the images are then combined to further
increase the resolution and further help reduce, minimize
and or eliminate aliasing as a result of zooming. For
example, by doubling the resolution, it may be possible to
zoom in by a factor of two without significantly increasing
the aliasing.

[0920] Insome embodiments, the relative movement is in
the form of a Y5 pixelx's pixel pitch shift in a 3x3 format.
In some embodiments, it may be desirable to employ a
reduced optical fill factor. In some embodiments, one or
more of the sensor arrays provides enough resolution to
allow the digital camera apparatus to perform digital zoom
without excessive aliasing. For example, if an embodiment
requires 640x480 pixels for each every image, with or
without zoom, one or more of the sensor arrays may be
provided with 1280x1024 pixels. In such embodiment, such
sensor portion(s) have enough pixels to provide the digital
camera apparatus with the resolution needed to zoom on ¥4
of the image and yet still provide the required resolution of
640x480 pixels (e.g., ¥2x1280=640, x1024=512).

[0921] FIGS. 111T-111V are explanatory views of a pro-
cess carried out by a zoom portion of a digital camera
apparatus in accordance with one such embodiment of the
present invention. In some embodiments, the subsystem
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may use only % of the pixels (e.g.,., %x1280=640, :x1024=
512) when not in zoom mode, or may employ downsampling
to reduce the number of pixels. In some other of such
embodiments, the digital camera apparatus output all of the
pixels, e.g., 1280x1024, even when not in zoom mode. The
determination as to how many pixels to use and the number
of pixels to output when not in zoom mode may be prede-
termined, processor controlled and/or user controlled.

[0922] The output of the zoom controller is supplied to the
gamma correction portion, which helps to map the values
received from the camera channels into values that more
closely match the dynamic range characteristics of a display
device (e.g., a liquid crystal display or cathode ray tube
device). The values from the camera channels are based, at
least in part, on the dynamic range characteristics of the
sensor, which often does not match the dynamic range
characteristics of the display device. The mapping provided
by gamma correction portion helps to compensate for the
mismatch between the dynamic ranges.

[0923] FIG. 111W is a graphical representation showing
an example of the operation of the gamma correction
portion.

[0924] FIG. 111X shows one embodiment of the gamma
correction portion. In this embodiment, the gamma correc-
tion portion employs a conventional transfer function to
provide gamma correction. The transfer function may be any
type of transfer function including a linear transfer function,
a non-linear transfer function and/or combinations thereof.
The transfer function may have any suitable form including
but not limited to one or more equations, lookup tables
and/or combinations thereof. The transfer function may be
predetermined, adaptively determined and/or combinations
thereof.

[0925] The output of the gamma correction portion is
supplied to the color correction portion, which helps to map
the output of the camera into a form that matches the color
preferences of a user.

[0926] In this embodiment, the color correction portion
generates corrected color values using a correction matrix
that contains a plurality of reference values to implement
color preferences as follows (The correction matrix contains
sets of parameters that are defined, for example, by the user
and/or the manufacturer of the digital camera):

Re Rr Gr Br R
[ Ge | = [ Rg Gg Bg |x [ G
Be Rb Gb Bb B
[0927] such that:

R corrected=(R¥xR un-corrected)+(GrxG un-cor-
rected)+(BrxB un-corrected),

G corrected=(RgxR un-corrected)+(GgxG un-cor-
rected)+(BgxB un-corrected), and

B corrected=(RbxR un-corrected)+(GbxG  un-cor-
rected)+(BbxB un-corrected)

[0928] where

[0929] Rris a value indicating the relationship between
the output values from the red camera channel and the
amount of red light desired from the display device in
response thereto,
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[0930] Gris a value indicating the relationship between
the output values from the green camera channel and
the amount of red light desired from the display device
in response thereto,

[0931] Bris a value indicating the relationship between
the output values from the blue camera channel and the
amount of red light desired from the display device in
response thereto,

[0932] Rg is a value indicating the relationship between
the output values from the red camera channel and the
amount of green light desired from the display device
in response thereto,

[0933] Ggis a value indicating the relationship between
the output values from the green camera channel and
the amount of green light desired from the display
device in response thereto,

[0934] Bg is a value indicating the relationship between
the output values from the blue camera channel and the
amount of green light desired from the display device
in response thereto,

[0935] Rb is a value indicating the relationship between
the output values from the red camera channel and the
amount of blue light desired from the display device in
response thereto,

[0936] Gb is a value indicating the relationship between
the output values from the green camera channel and
the amount of blue light desired from the display device
in response thereto, and

[0937] Bb is a value indicating the relationship between
the output values from the blue camera channel and the
amount of blue light desired from the display device in
response thereto.

[0938] FIG. 111Y shows one embodiment of the color
correction portion. In this embodiment, the color correction
portion includes a red color correction circuit, a green color
correction circuit and a blue color correction circuit.

[0939] The red color correction circuit includes three
multipliers. The first multiplier receives the red value (e.g.,
P,,) and the transfer characteristic Rr and generates a first
signal indicative of the product thereof. The second multi-
plier receives the green value (e.g., Pg,) and the transfer
characteristic Gr and generates a second signal indicative of
the product thereof. The third multiplier receives the green
value (e.g., Po,) and the transfer characteristic Br and
generates a third signal indicative of the product thereof. The
first, second and third signals are supplied to an adder which
produces a sum that is indicative of a corrected red value

(-85 Pan corected)-

[0940] The green color correction circuit includes three
multipliers. The first multiplier receives the red value (e.g.,
P,,) and the transfer characteristic Rg and generates a first
signal indicative of the product thereof. The second multi-
plier receives the green value (e.g., Pg,) and the transfer
characteristic Gg and generates a second signal indicative of
the product thereof. The third multiplier receives the green
value (e.g., P.,) and the transfer characteristic Bg and
generates a third signal indicative of the product thereof. The
first, second and third signals are supplied to an adder which
produces a sum indicative of a corrected green value (e.g.,

PBn corrected)'
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[0941] The blue color correction circuit includes three
multipliers. The first multiplier receives the red value (e.g.,
P,.) and the transfer characteristic Rb and generates a first
signal indicative of the product thereof. The second multi-
plier receives the green value (e.g., Pg,) and the transfer
characteristic Gb and generates a second signal indicative of
the product thereof. The third multiplier receives the green
value (e.g., Pc,) and the transfer characteristic Bb and
generates a third signal indicative of the product thereof. The
first, second and third signals are supplied to an adder which
produces a sum indicative of a corrected blue value (e.g.,

Cn oonecred)'

[0942] The output of the color corrector is supplied to the
edge enhancer/sharpener, the purpose of which is to help
enhance features that may appear in an image.

[0943] FIG. 1117 shows one embodiment of the edge
enhancer/sharpener. In this embodiment, the edge enhancer/
sharpener comprises a high pass filter that is applied to
extract the details and edges and apply the extraction infor-
mation back to the original image.

[0944] The output of the edge enhancer/sharpener is sup-
plied to a random noise reduction portion, which reduces
random noise in the image. Random noise reduction may
include, for example, a linear or non-linear low pass filter
with adaptive and edge preserving features. Such noise
reduction may look at the local neighborhood of the pixel in
consideration. In the vicinity of edges, the low pass filtering
may be carried out in the direction of the edge so as to
prevent blurring of such edge. Some embodiments may
apply an adaptive scheme. For example, a low pass filter
(linear and/or non linear) with a neighborhood of relatively
large size may be employed for smooth regions. In the
vicinity of edges, a low pass filter (linear and/or non-linear)
and a neighborhood of smaller size may be employed, for
example, so as not to blur such edges.

[0945] Other random noise reduction may also be
employed, if desired, alone or in combination with one or
more embodiments disclosed herein. In some embodiments,
random noise reduction is carried out in the channel pro-
cessor, for example, after deviant pixel correction. Such
noise reduction may be in lieu of, or in addition to, any
random noise reduction that may be carried out in the image
pipeline.

[0946] The output of the random noise reduction portion is
supplied to the chroma noise reduction portion, the purpose
of which is to reduce color noise.

[0947] FIG. 111AA shows one embodiment of the chroma
noise reduction portion. In this embodiment, the chroma
noise reduction portion includes an RGB to YUV converter,
first and second low pass filters and a YUV to RGB
converter. The output of the random noise reduction portion,
which is a signal in the form of RGB values, is supplied to
the RGB to YUV converter, which generates a sequence of
YUV values in response thereto, each YUV value being
indicative of a respective one of the RGB values.

[0948] The Y values or components (which indicate the
brightness of an image) are supplied to the YUV to RGB
converter. The U and V values or components (which
indicate the color components of the image) are supplied to
the first and second low pass filters, respectively, which
reduce the color noise on the U and V components, respec-
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tively. The output of the filters are supplied to the YUV to
RGB converter, which generates a sequence of RGB values
in response thereto, each RGB value being indicative of a
respective one of the YUV values.

[0949] The output of the chroma noise reduction portion is
supplied to the Auto/Manual white balance portion, the
purpose of which is to help make sure that a white colored
target appears as a white colored target, rather than reddish,
greenish, or bluish.

[0950] FIG. 111AB is an explanatory view showing a
representation of a process carried out by the white balance
portion in one embodiment. More particularly, FIG. 111AB
depicts a rectangular coordinate plane having an R/G axis
and a B/G axis. The rectangular coordinate plane has three
regions, i.e., a redish region, a white region and a bluish
region. A first reference line defines a color temperature that
separates the redish region from the white region. A second
reference line defines a color temperature that separates the
white region from the bluish region. The first reference line
is disposed, for example at color temperature of 4700
Kelvin. The second reference line is disposed, for example
at color temperature of 7000 Kelvin.

[0951] In this embodiment, the automatic white balance
portion determines the positions, in the rectangular coordi-
nate plane defined by the R/G axis and the B/G axis, of a
plurality of pixels that define the original image. The posi-
tions of the plurality of pixels are treated as representing a
cluster of points in the rectangular coordinate plane. The
automatic white balance portion determines a center of the
cluster of points and changes that could be applied to the R,
G, B, pixel values of the original image to effectively
translate the center of the cluster into the white image region
of the coordinate plane, e.g., to a color temperature of 6500
Kelvin. The output of the automatic white balance portion is
an output image where a pixel value in the output image is
based on the corresponding pixel value of the original image
and the changes to the R, G, B pixel values that had been
determined could be used to translate the center of the
cluster for the original image into the white region, such that
the center of a cluster for the output image is disposed in the
white image region of the coordinate plane, e.g., a color
temperature of 6500 Kelvin.

[0952] The desired color temperature may be predeter-
mined, processor controlled and/or user controlled. In some
embodiments, for example, a reference value indicative of a
desired color temperature is supplied by the user so that
images provided by the digital camera apparatus will have
color temperature characteristics desired by the user. In such
embodiments, manual white balance may be performed by
determining the changes that could be applied to translate
the center of the cluster for the original image to a color
temperature corresponding to a reference value provided by
the user.

[0953] The white balance strategy may use, for example,
one or more conventional color enhancement algorithms,
now know or later developed.

[0954] It should be understood that the white balance
portion is not limited to the techniques set forth above.
Indeed, the white balance portion may employ any white
balance technique now known or later developed. It should
also be understood that color white balance is not required.
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The output of the white balance portion is supplied to the
Auto/Manual color enhancement portion.

[0955] FIG. 111AC is a block diagram of one embodiment
of the color enhancement portion, in accordance with one
embodiment. In this embodiment, the color enhancement
portion adjusts the brightness, contrast and/or saturation to
enhance the color appearance in accordance with one or
more enhancement strategies. This process is similar in
some respects to adjusting color settings of a TV or com-
puter monitor. Some embodiments may also adjust the hue.
The enhancement strategy may use, for example, one or
more conventional color enhancement algorithms, now
know or later developed.

[0956] Referring to FIG. 111AC, data indicative of the
image is supplied to the brightness enhancement portion,
which further receives an adjustment value and generates
output data indicative of an image adjusted for brightness in
accordance therewith. In this embodiment, each pixel value
in the output image is equal to the sum of an adjustment
value and a corresponding pixel in the input image. The
adjustment value may be predetermined, processor con-
trolled and/or user controlled. In some embodiments, for
example, the adjustment value is supplied by the user so that
images provided by the digital camera apparatus will have
the characteristics desired by the user. In some embodi-
ments, an adjustment value having a positive magnitude
makes the output image appear brighter than the input
image. An adjustment value having a negative magnitude
may make the output image appear darker than the input
image.

[0957] The output of the brightness enhancement portion
is supplied to the contrast enhancement portion, which
further receives an adjustment value and generates an output
image adjusted for contrast in accordance therewith. In this
embodiment, contrast adjustment can be viewed as “stretch-
ing” the distance between dark (e.g., indicated by a pixel
value having a small magnitude) and light (e.g., indicated by
a pixel value having a large magnitude). An adjustment
value having a positive magnitude makes dark areas in the
input image appear darker in the output image and makes
light areas in the input image appear lighter in the output
image. An adjustment value having a negative magnitude
may have the opposite effect. One or more conventional
algorithms, for example, now know or later developed may
be employed. The adjustment value may be predetermined,
processor controlled and/or user controlled. In some
embodiments, for example, the adjustment value is supplied
by the user so that images provided by the digital camera
apparatus will have the characteristics desired by the user.

[0958] The output of the contrast enhancement portion is
supplied to the saturation enhancement portion, which fur-
ther receives an adjustment value and generates an output
image adjusted for saturation in accordance therewith. In
this embodiment, saturation adjustment can be viewed as
“stretching” the distance between R, G, B, components of a
pixel (which is similar in some respects to contrast adjust-
ment). An adjustment value having a positive magnitude
makes dark areas in the input image appear darker in the
output image and makes light areas in the input image
appear lighter in the output image. An adjustment value
having a negative magnitude may have the opposite effect.
One or more conventional techniques, for example, now
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know or later developed may be employed. The technique
may employ a color correction matrix, for example, similar
to that employed by the color correction portion described
hereinabove. The adjustment value may be predetermined,
processor controlled and/or user controlled. In some
embodiments, for example, the adjustment value is supplied
by the user so that images provided by the digital camera
apparatus will have the characteristics desired by the user.

[0959] It should be understood that the color enhancement
portion is not limited to the enhancement techniques set
forth above. Indeed, the color enhancement portion may
employ any enhancement technique now known or later
developed. It should also be understood that color enhance-
ment is not required.

[0960] The output of the Auto/Manual color enhancement
portion is supplied to the image scaling portion, the purpose
of which is to reduce or enlarge the image, for example, by
removing or adding pixels to adjust the size of an image.

[0961] The image scaling portion receives data, indicative
of an imaged to be scaled (e.g., enlarged or reduced). The
magnitude of the scaling may be predetermined or preset,
processor controlled or manually controlled. In some
embodiments, a signal indicative of the magnitude of the
scaling, if any, is received. If the signal indicative of the
desired scaling magnitude indicates that the image is to be
enlarged, then the scaling portion performs upscaling. If the
signal indicative of the desired scaling magnitude indicates
that the image is to be reduced, then the scaling portion
performs downscaling.

[0962] FIG.111AD-111AE are a schematic block diagram
and an explanatory view, showing a representation of
upscaling, respectively, in accordance with one embodi-
ment. More particularly, FIG. 111AE depicts a portion of an
image to be enlarged and a portion of the image to be formed
therefrom. In this example, the portion of the image to be
enlarged includes nine pixels, indicated for purposes of
explanation as P,;-P,;, shown arranged in an array having
three rows and three columns. The portion of the image to
be formed therefrom includes twenty five pixels, indicated
for purposes of explanation as A-Y, shown arranged in an
array having five rows and five columns. (Note that the
portion of the image to be formed could alternatively be
represented as P,;-Pss.)

[0963] In this embodiment, the image scaling portion
employs an upscaling strategy in which the pixel values at
the intersection of an odd numbered column and an odd
numbered row, i.e., A, C, E, K, M, O, U, W and Y, are taken
from the pixel values in the image to be enlarged. For
example,

A=P,;
C=P,,
E=P;,
K=P,,
M=P,,
O=P;,
U=P,
W=Py;

Y=P;;
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[0964] The other pixel values, i.e., pixel values disposed in
either an even numbered column or an even numbered row,
ie, B,D,F, G H LJ L N, PQ,R,S, T, Vand X, are
generated by interpolation. Each pixel value is generated
based on two or more adjacent pixel values, for example,

B=(A+C)/2

D=(C+E)/2

F=(A+K)/2

H=(C+M)2

J=(E+0)/2

L=(K+M)/2

N=(M+0)12

P=(K+U)/2

R=(M+W)/2

T=(0+Y)/2

V=(UW)2

X=(W+Y)/2

G=(B+L)/2

I=(D+N)/2

0=L+V)/2

S=(N+X)/2
[0965] In some embodiments, upscaling increases the
number of pixels from 640x480 pixels to 1280x1024 pixels,
however, any magnitude of upscaling may be employed. In
some embodiments, the digital camera apparatus provides

the user with the ability to determine whether upscaling is to
be performed and if so, the magnitude of the upscaling.

[0966] In some embodiments, the scaling portion employ
one or more of the techniques described herein for the zoom
controller, with or without cropping.

[0967] 1t should be understood that the scaling portion is
not limited to the upscaling strategy set forth above. Indeed,
the scaling portion may employ any upscaling technique
now known or later developed. It should also be understood
that upscaling is not required.

[0968] The scaling portion may have the ability to down-
scale, without regard to whether scaling portion has the
ability to upscale. In some embodiments, downscaling
decreases the number of pixels from 1280x1024 pixels to
640x480 pixels, however, any magnitude of downscaling
may be employed. In some embodiments, the digital camera
apparatus provides the user with the ability to determine
whether downscaling is to be performed and if so, the
magnitude of the downscaling.

[0969] It should be understood that any downscaling tech-
nique now known or later developed may be employed. It
should also be understood that downscaling is not required.

[0970] The output of the image scaling portion is supplied
to the color space conversion portion, the purpose of which
is to convert color format from RGB to YCrCB or YUV for
compression. In this embodiment, the conversion is accom-
plished using the following equations:
¥=(0.257*R)+(0.504*G)+(0.098*B)+16
Cr=V=(0.439*R)~(0.368*G)~(0.071*B)+128
Cb=U=—(0.148*R)~(0.291*G)+(0.439*B)+128
[0971] The output of the color space conversion portion is
supplied to the image compression portion of the post
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processor. The purpose of the image compression portion is
to reduce the size of image file. This may be accomplished,
or example, using an off the shelf JPEG, MPEG and/or
WMV compression algorithm available from Joint Photo-
graphic Expert Group, Motion Expert Group and Microsoft
Corporation.

[0972] The output of the image compression portion is
supplied to the image transmission formatter, the purpose of
which is to format the image data stream to comply with
YUV422, RGB565, etc format both in bi-directional parallel
or serial 8-16 bit interface.

[0973] FIG. 112 shows another embodiment of the chan-
nel processor. In this embodiment, the double sampler
receives the output of the analog to digital converter instead
of the output of the sensor array

[0974] FIGS. 113 and 114A show another embodiment of
the channel processor and image pipeline respectively. In
this embodiment, the deviant pixel corrector is disposed in
the image pipeline rather than the channel processor. In this
embodiment, the deviant pixel corrector receives the output
of the image plane alignment and stitching rather than the
output of the black level clamp.

[0975] FIG.114B is a block diagram of an image pipeline
in accordance with another embodiment of the present
invention;

[0976] FIG. 114C is a schematic block diagram of a
chroma noise reduction portion that may be employed, for
example, in the image pipeline of FIG. 114B. In this
embodiment, the U and V values or components (which
indicate the color components of the image) are supplied to
the first and second low pass filters, respectively, which
reduce the color noise on the U and V components, respec-
tively.

[0977] It should be understood that the channel processor,
the image pipeline and/or the post processor may have any
configuration. For example, in some other embodiments, the
image pipeline employs fewer than all of the portions shown
in FIGS. 110C, 110E and/or FIG. 114A, with or without
other portions, now known or later developed, and in any
suitable order.

[0978] Parallax

[0979] If the digital camera apparatus has more than one
camera channel, the camera channels will necessarily be
spatially offset from one another (albeit, potentially by a
small distance). This spatial offset can introduce a parallax
between the camera channels, e.g., an apparent change in
position of an object as a result of changing the position
from which the object is viewed.

[0980] FIGS. 115A-115E show an example of parallax in
a digital camera apparatus. More particularly, FIG. 115A
shows an object (i.e., a lightning bolt) and a digital camera
apparatus having two camera channels spatially offset by a
distance. The first camera channel has a sensor and a first
field of view centered about a first axis. The second camera
channel has a sensor and a second field of view that is
centered about a second axis and spatially offset from the
first field of view. The offset between the fields of view
causes the position of the object within the first field of view
to differ from the position of the object within the second
field of view.
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[0981] FIG. 115B is a representation of an image of the
object, as viewed by the first camera channel, striking the
sensor in the first camera channel. The sensor has a plurality
of sensor elements shown schematically as circles.

[0982] FIG. 115C is a representation of an image of the
object, as viewed by the second camera channel, striking the
sensor in the second camera channel. The sensor has a
plurality of sensor elements shown schematically as circles.

[0983] FIG. 115D shows the image viewed by the first
camera channel superimposed with the image viewed by the
second camera channel. In this embodiment, the parallax is
in the x direction.

[0984] FIG. 115E shows the image viewed by the first
camera channel superimposed with the image viewed by the
second camera channel if such parallax is eliminated.

[0985] FIGS. 115F-115H show an example of parallax in
the y direction. FIG. 1151 shows the image viewed by the
first camera channel superimposed with the image viewed
by the second camera channel if such parallax is eliminated.

[0986] FIGS. 115J-115L show an example of parallax
having an x component and a y component. FIG. 115M
shows the image viewed by the first camera channel super-
imposed with the image viewed by the second camera
channel if such parallax is eliminated.

[0987] FIG. 115N shows an object (i.e., a lightning bolt)
and a digital camera apparatus having two camera channels
spatially offset by a distance. The first camera channel has a
sensor and a first field of view centered about a first axis. The
second camera channel has a sensor and a second field of
view that is centered about a second axis and spatially offset
from the first field of view. The offset between the fields of
view causes the position of the object within the first field of
view to differ from the position of the object within the
second field of view.

[0988] FIG. 1150 is a representation of an image of the
object, as viewed by the first camera channel, striking the
sensor in the first camera channel. The sensor has a plurality
of sensor elements shown schematically as circles.

[0989] FIG. 115P is a representation of an image of the
object, as viewed by the second camera channel, striking the
sensor in the second camera channel. The sensor has a
plurality of sensor elements shown schematically as circles.

[0990] FIG. 115Q shows the image viewed by the first
camera channel superimposed with the image viewed by the
second camera channel. In this embodiment, the parallax is
in the x direction.

[0991] FIG. 115R shows the image viewed by the first
camera channel superimposed with the image viewed by the
second camera channel if such parallax is eliminated.

[0992] FIG. 1158 shows an object (i.e., a lightning bolt)
and a digital camera apparatus having two camera channels
spatially offset by a distance. The first camera channel has a
sensor and a first field of view centered about a first axis. The
second camera channel has a sensor and a second field of
view that is centered about a second axis and spatially offset
from the first field of view. The offset between the fields of
view causes the position of the object within the first field of
view to differ from the position of the object within the
second field of view.
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[0993] FIG. 115R is a representation of an image of the
object, as viewed by the first camera channel, striking the
sensor in the first camera channel. The sensor has a plurality
of sensor elements shown schematically as circles.

[0994] FIG. 115P is a representation of an image of the
object, as viewed by the second camera channel, striking the
sensor in the second camera channel. The sensor has a
plurality of sensor elements shown schematically as circles.

[0995] FIG. 115Q shows the image viewed by the first
camera channel superimposed with the image viewed by the
second camera channel. In this embodiment, the parallax is
in the x direction.

[0996] FIG. 115R shows the image viewed by the first
camera channel superimposed with the image viewed by the
second camera channel if such parallax is eliminated.

[0997] Range Finding

[0998] In some embodiments, it is desirable to be able to
generate an estimate of the distance to an object within the
field of view. This capability is sometimes referred to as
“range finding”.

[0999] One method for determining an estimate of a
distance to an object is to employ parallax.

[1000] FIG. 116 shows a flowchart of operations that may
be employed in generating an estimate of a distance to an
object, or portion thereof, according to another embodiment
of the present invention.

[1001] The system receives a signal indicative of a desired
amount of parallax and/or one or movements

[1002] The system identifies one or more movements to
provide or help provide the desired amount of parallax.

[1003] The system initiates one, some or all of the one or
more movements.

[1004] An image is captured from each camera channel to
be used in generating the estimate of the distance to the
object (or portion thereof). For example, if two camera
channels are to be used in generating the estimate, then an
image is captured from the first camera channel and an
image is captured from the second camera channel.

[1005] In some embodiments, the system receives one or
more signals indicative of the position of the object in the
images or determines the position of the object within each
image. For example, if two camera channels are to be used
in generating the estimate of the distance to the object, the
system may receive one or more signals indicative of the
position of the object in the image from the first camera
channel and the position of the object in the image from the
second camera channel. In some other embodiments, the
system determines the position of the object within each
image, e.g., the position of the object within the image for
the first channel and the position of the object within the
image for the second channel.

[1006] The system generates a signal indicative of the
difference between the positions in the images. For example,
if two camera channels are being used, the system generates
a signal indicative of the difference between the position of
the object in the image for the first camera channel and the
position of the object in the image for the second camera
channel.
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[1007] The system generates an estimate of the distance to
the object (or portion thereof) based at least in part on (1) the
signal indicative of the difference between the position of the
object in the image for the first camera channel and the
position of the object in the image for the second camera
channel (2) the signal indicative of the relative positioning
of the first camera channel and the second camera channel
and (3) data indicative of a correlation between (a) the
difference between the position of the object in the image for
the first camera channel and the position of the object in the
image for second camera channel, (b) the relative position-
ing of the first camera channel and the second camera
channel and (c) the distance to an object.

[1008] FIG. 117 is a block diagram showing a portion of
one embodiment the range finder. In this embodiment, the
range finder includes a differencer and an estimator. The
differencer has one or more inputs that receive one or more
signals indicative of the position of the object in a first image
and the position of the object in a second image. The
differencer further includes one or more outputs that supply
a difference signal, Difference. The difference signal, Dif-
ference, is indicative of the difference between the position
of the object in the first image and the position of the object
in the second image.

[1009] The difference signal is supplied to the estimator,
which also receives a signal indicative of the relative posi-
tioning between the camera channel that provided the first
image and the camera channel that provided the second
image. In response, the estimator provides an output signal,
estimate, indicate of an estimate of the distance to the object
(or portion thereof).

[1010] In order to accomplish this, the estimator includes
data indicative of the relationship between (a) the difference
between the position of the object in the first image and the
position of the object in the second image, (b) the relative
positioning of the camera channel generating the first image
and the camera channel generating the second image and (c)
the distance to an object.

[1011] This data may be in any form, including for
example, but not limited to, a mapping of a relationship
between inputs (e.g., (a) the difference between the position
of the object in the first image and the position of the object
in the second image and (b) the relative positioning of the
camera channel generating the first image and the camera
channel generating the second image) and the output (e.g.,
an estimate of the distance to the object).

[1012] The mapping may have any of various forms
known to those skilled in the art, including but not limited
to a formula and/or a look-up table. The mapping may be
implemented in hardware, software, firmware or any com-
bination thereof.

[1013] The mapping is preferably generated “off-line” by
placing an object at a known distance from the digital
camera apparatus, capturing two or more images with two or
more camera channels having a known relative positioning
and determining the difference between the position of the
object in the image from the first camera channel and the
position of the object in the image from the second camera
channel.

[1014] This above process may be repeated so as to cover
different combinations of known distance to the object and
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relative positioning of the camera channels. It may be
advantageous to cover an entire range of interest (e.g. known
distances and relative positioning), however, as explained
below, it is generally not be necessary to cover every
conceivable combination. Each combination of known dis-
tance to object, relative positioning of camera channels and
difference between the position of the object in the image
from the first camera channel and the position of the object
in the image from the second camera channel represents one
data point in the overall input output relation.

[1015] The data points may be used to create a look-up
table that provides, for each of a plurality of combinations
of input magnitudes, an associated output. Or, instead of a
look-up table, the data points may be input to a statistical
package to produce a formula for calculating the output
based on the inputs. The formula can typically provide an
appropriate output for any input combination in the sensor
input range of interest, including combinations for which
data points were not generated.

[1016] A look-up table embodiment may employ interpo-
lation to determine an appropriate output for any input
combination not in the look-up table.

[1017] The differencer may be any type of differencer that
is adapted to provide one or more difference signals indica-
tive of the difference between the position of the object in
the first image and the position of the object in the second
image. In this embodiment, for example, the differencer
comprises an absolute value subtractor that generates a
difference signal equal to the absolute value of the difference
between the position of the object in the first image and the
position of the object in the second image. In some other
embodiments, the differencer may be a ratiometric type of
differencer that generates a ratiometric difference signal
indicative of the difference between the position of the
object in the first image and the position of the object in the
second image.

[1018] The signal indicative of the relative position of the
camera channels may have any form. For example, the
signal may be in the form of a single signal that is directly
indicative of the difference in position between the camera
channels. The signal may also be in the form of a plurality
of signals, for example, two or more signals each of which
indicates the position of a respective one of the camera
channels such that the plurality of signals are indirectly
indicative of the relative position of the camera channels.

[1019] Although the portion of range finder is shown
having a differencer preceding the estimator, the range finder
is not limited to such. For example, a differencer may be
embodied within the estimator and/or a difference signal
may be provided or generated in some other way. In some
embodiments, the estimator may be responsive to absolute
magnitudes rather than difference signals.

[1020] Furthermore, while the disclosed embodiment
includes three inputs and one output, the range finder is not
limited to such. The range finder may be employed with any
number of inputs and outputs.

[1021] Range finding may also be carried out using only
one camera channel. For example, one of the camera chan-
nels may be provided with a first view of an object and an
image may be captured. Thereafter, one or more movements
may be applied to one or more portions of the camera

Ex.1051 / Page 311 of 318
TESLA, INC.



US 2006/0054782 Al

channel so as to provide the camera channel with a second
view of the object (the second view being different that the
first view). Such movements may be provided by the posi-
tioning system. A second image may be captured with the
second view of the object. The first and second images may
thereafter be processed by the range finder using the opera-
tions set forth above to generate an estimate of a distance to
the object (or portion thereof).

[1022] FIG. 118 is a block diagram representation of a
locator portion of the range finder.

[1023] 3D Imaging

[1024] Referring to FIGS. 119A-119D, in some embodi-
ments, it is desired to be able to produce images for use in
providing one or more 3D effects, sometimes referred to
herein as “3D imaging”.

[1025] One type of 3D imaging is referred to as stereovi-
sion. Stereovision is based, at least in part, on the ability to
provide two views of an object, e.g., one to be provided to
the right eye, one to be provided the left eye. In some
embodiment, the views are combined into a single stereo
image. In one embodiment, for example, the view for the
right eye may be blue and the view for the left eye may be
red, in which case, a person wearing appropriate eyewear
(e.g., blue eyepiece in front of left eye, red eyepiece in front
of right eye) will see the appropriate view in the appropriate
eye (i.e., right view in the right eye and the left view in the
left eye). In another embodiment, the view for the right eye
may be polarized in a first direction(s) and the view for the
left eye may be polarized in a second direction(s) different
than the first, in which case, a person wearing appropriate
eyewear (e.g., eyepiece polarized in first direction(s) in front
of left eye, eyepiece polarized in second direction(s) in front
of left eye) will see the appropriate view in the appropriate
eye (i.e., right view in the right eye and the left view in the
left eye).

[1026] Referring to FIG. 120, another type of 3D imaging
is referred to as 3D graphics, which is based, at least in part,
on the ability to provide an image with an appearance of
depth.

[1027] Tt is desirable to employ parallax when producing
images for use in providing 3D effects.

[1028] Increasing the amount of parallax may help
improve one or more characteristics of the 3D imaging.

[1029] FIG. 121A-121B shows a flowchart of operations
that may be employed in providing 3D imaging, according
to another embodiment of the present invention.

[1030] The system receives a signal indicative of a desired
amount of parallax and/or one or movements.

[1031] The system identifies one or more movements to
provide or help provide the desired amount of parallax.

[1032] The system initiates one, some or all of the one or
more movements identified.

[1033] The system generates one or more images with the
desired 3D effect.

[1034] An image is captured from each camera channel to
be used in the 3D imaging. For example, if two camera
channels are to be used in the 3D imaging, then an image is
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captured from the first camera channel and an image is
captured from the second camera channel.

[1035] The system determines whether stereovision is
desired or whether 3D graphics is desired. If stereovision is
desired, the image captured from the first camera channel
and the image captured from the second camera channel are
each supplied to a formatter, which generates two images,
one suitable to be provided to one eye and one suitable to be
provided to the other eye. For example, in one embodiment,
for example, the view for the right eye may be blue and the
view for the left eye may be red, in which case, a person
wearing appropriate eyewear will see the appropriate view
in the appropriate eye (i.e., right view in the right eye and the
left view in the left eye). In another embodiment, the view
for the right eye may be polarized in a first direction(s) and
the view for the left eye may be polarized in a second
direction(s) different than the first, in which case, a person
wearing appropriate eyewear will see the appropriate view
in the appropriate eye (i.e., right view in the right eye and the
left view in the left eye).

[1036] The two images may be combined into a single
stereo image.

[1037] If 3D graphics is desired instead of stereovision,
the system characterizes the images using one or more
characterization criteria. In one embodiment, for example,
the characterization criteria includes identifying one or more
features (e.g., edges) in the images and an estimate of the
distance to one or more portions of such features. A range
finder as set forth above may be used to generate estimates
of distances to features or portions thereof. The system
generates a 3D graphical image having the appearance of
depth, at least in part, based, at least in part, on (1) the
characterization data and (2) 3D rendering criteria.

[1038] The characterization criteria and the 3D graphical
criteria may be predetermined, adaptively determined, and
or combinations thereof.

[1039] It should be understood that 3D imaging may also
be carried out using only one camera channel. For example,
one of the camera channels may be provided with a first
view of an object and an image may be captured. Thereafter,
one or more movements may be applied to one or more
portions of the camera channel so as to provide the camera
channel with a second view of the object (the second view
being different that the first view). Such movements may be
provided by the positioning system. A second image may be
captured with the second view of the object. The first and
second images may thereafter be processed by the 3D
imager using the operations set forth above to generate an
estimate of a distance to the object (or portion thereof).

[1040] FIG. 123 is a block diagram representation of one
embodiment for generating an image with a 3D effect.

[1041] FIG. 124 is a block diagram representation of one
embodiment for generating an image with 3D graphics.

Image Discrimination

[1042] FIG. 125 shows a flowchart of operations that may
be employed in providing image discrimination, according
to another embodiment of the present invention.

[1043] FIGS. 126A-126B shows a flowchart of operations
that may be employed in providing image discrimination,
according to another embodiment of the present invention.
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[1044] Certain Other Applications

[1045] In some embodiments, the number of image sen-
sors, size and/or type are selected based on application
requirements. Described are three examples and how it can
impact camera elements, and if desired, feature/operational
optimization. It should be understood that any of the above
embodiments, or portions thereof, may be employed in
implementing any of the following examples.

[1046] #1): Simultaneous Imaging Hyper-Spectral Digital
Camera:

[1047] Hyper-spectral imagers take data in as many as one
hundred distinct color bands. This can be accomplished by
electronically tunable or mechanically selected narrow band
filters. One problem with this tunable or selectable filter
approach is that the color bands in the image are selected
time sequentially. It takes many frames of data to collect the
full hyper-spectral image (called a datacube) with 3-D pixel
identifiers: x, y and color. In many system applications,
acquiring the entire hyper-spectral datacube simultaneously
in one frame of data is desired.

[1048] The disclosed multiple optical/imager approach
can be used to acquire all color bands simultaneously using
a separate color narrow band-pass filter in each sensor
optical path. An example would be 64 individual sensors
(custom optical assemblies, optional MEMs mechanical
dither mechanisms and optimized color or multiple color
imager sensors) arranged in, for example, a 8x8 or 1x64 or
other sensor arrangements. This would give a hyper-spectral
capability of sixty four unique color bands. Each sensor
would have some suitable number of pixels in the image
sensor to cover a desired field-of-view (for example: 256x
256 pixels on the imager array assembled with a 3 um pixel
pitch).

[1049] Each image sensor can have a different pixel pitch
and/or array size with the imager integrated circuit (IC)
optimized for the incident color or color bands. If the frame
rate of each sensor is 60 frames per second, data in 64 unique
color bands would be acquired in one frame time (16.67
msec). This capability or similar capability is desirable for
many hyper-spectral imaging applications.

[1050] #2): Object (Threat) Detection and Identification
Multi-Color Active/Passive Digital Camera:

[1051] Some camera systems need to acquire data from a
wide field of view (WFOV) to detect an object of interest,
then fast frame around that object in a narrow field of view
(NFOV) with multiple color imaging capability and higher
spatial resolution capability to identify that object.

[1052] The WFOV sensor, for example, could have a
128x128 array size with 20-micron pitch pixels to determine
an object of interest within one or more pixels in the WFOV.
The optics and pixels in the 128x128 array could be broad-
band visible capable for high sensitivity.

[1053] The entire digital camera (with the WFOV image
sensor and multiple NFOV image sensors) can be pointed by
a gimbal mechanism. The data from the WFOV image
sensor can adjust the gimbal pointing direction such that the
detected object is in the center of all FOVs.

[1054] The NFOV image sensors with higher resolution
than the WFOV imager sensor can image and identify the
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object. The WFOV image sensor can continue to image a
WFOV for detection of other objects of interest.

[1055] There can be multiple NFOV image sensors. The
NFOV can be selected by pixel size, number of pixels (in x
and y) and the focal length of the optics. As an example, the
camera could contain six NFOV image sensors. The NFOV
could image a region %100 that of the WFOV image sensor.
If the focal lengths of the WFOV and NFOV optics are the
same, a 128x128 image array with a 2.0 um pixel pitch, for
example, would provide the desired NFOV.

[1056] The six NFOV image sensors can all be different.
One example is image sensors optimized for ultraviolet
(UV), blue, green, red, broadband visible, 880 nm continu-
ous laser illumination and 880 nm pulsed laser illumination.
These six sensors can be optimizes for pixel size and array
size to match the NFOV. In general, the pixel pitch will
increase for longer wavelengths to match the optical blur
circle. The pulsed 880 nm laser array can have special
circuitry within each pixel to measure the amplitude and
arrival time of the reflected laser pulse off the object; this
capability called LADAR, provides distance to object,
reflected signal amplitude and in some cases 3D information
of the object’s shape.

[1057] The WFOV imager sensor and the other six NFOV
images sensors can be processed on a single integrated
circuit. The location of the image sensors on the integrated
circuit can be chosen to minimize integrated circuit area or
for other considerations. Each sensor is optimized for its
intended operation. The optical stack above each sensor
provides the desired color transmission and other desired
optical features. The optical stacks or portions there of can
be mechanically dithered by a MEMs mechanical mecha-
nism if desired to achieve higher spatial resolution or
provide other capability (such as image stabilization or
image focus).

[1058] The NFOV image sensors can go into a widowing
readout with the reduced FOV (perhaps 32x32 pixels at 8x
faster frame rate). The data from the NFOV sensors can be
used to point the gimbal to keep the object of interest in the
center of the reduced FOV.

[1059] #3: Large Dynamic Range Color Digital Camera

[1060] Digital cameras may have a maximum photo-
signal storage capacity that limits the dynamic range of the
particular system. The photo-signal charge is stored on a
capacitor within the pixel area. The charge handling capacity
is limited by the maximum voltage swing in the integrated
circuitry and the storage capacitance within the pixel. The
amount of integrated photo-charge is directly related to the
time the image sensor collects and integrates signal from the
scene. This is known as integration time. A long integration
time is desired for weak signals since more photo-charge is
integrated within the pixel and the signal-to-noise of the
digital camera is improved.

[1061] Once a maximum charge capacity is reached, the
sensor can no longer tell how much brighter the image was.
This creates an imaging dilemma by setting a single inte-
gration time for the entire field of view. The digital camera’s
integration time can be set to image low light levels and
saturate bright signals or image high light levels and not
detect low light levels (since the integrated photo-charge
from low light levels is below the signal-to-noise of the
sensor).
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[1062] The use of multiple optics and image sensors on a
single IC, all looking at the same field of view simulta-
neously, and each having different integration times, solves
this dynamic range problem. The digital camera could have,
for example a 3x3 assembly of image sensors, perhaps three
of each color (R, G, and B) and the integration time in each
color can be varied, for example each color can have three
distinct values (perhaps 0.1, 1 and 10 msec). The data from
each color of cameras can be digitally combined to provide
a much greater dynamic range within one frame of digital
camera data. While it would be difficult to display this wide
dynamic range of imagery without compression, the raw
digital camera data could be used by digital signal process-
ing of the scene. The digital data can also be stored and
displayed to exhibit low light or bright light characteristics
as desired.

[1063] The optical stack can also contain other optical
features that are desired for digital camera functionality and
performance. This can be things such as electronically
tunable filters, polarizers, wavefront coding, spatial filters
(masks), and other features not yet anticipated. Some of the
new features (in addition to the lenses) can be electrically
operated (such as a tunable filter) or be moved mechanically
with MEMs mechanisms.

[1064] The manufacture of the optical stacks and image
sensors may be done on a single wafer, fabricated on
separate wafers (perhaps two wafers: one for the IC, and one
for optics) and bonded together at the wafer level. It is also
possible to use pick and place methods and apparatus to
attach the optical assemblies to the wafer IC, or the image
sensor die and other assemblies (optical stack) can be
assembled individually

[1065] In embodiments that employ MEMS, manufacture
of the optical stacks, MEMs and image sensors may be done
on a single wafer, fabricated on separate wafers (perhaps up
to three wafers: one for the IC, one for MEMs and one for
optics) and bonded together at the wafer level. It is also
possible to use pick and place methods and apparatus to
attach the optical assemblies and MEMs to the wafer IC, or
the image sensor die and other assemblies (MEMs and
optical stack) can be assembled individually.

[1066] It should also be understood that although the
digital camera apparatus 210 is shown employed in a digital
camera 200, the present invention is not limited to such.
Indeed, a digital camera apparatus and/or any of the methods
and/or apparatus that may be employed therein may be used
by itself or in any type of device, including for example, but
not limited to, still and video cameras, cell phones, other
personal communications devices, surveillance equipment,
automotive applications, computers, manufacturing and
inspection devices, toys, and/or a wide range of other and
continuously expanding applications. Moreover, other
devices that may employ a digital camera apparatus and/or
any of the methods and/or apparatus employed may or may
not include the housing, circuit board, peripheral user inter-
face, power supply, electronic image storage media and
aperture depicted in FIG. 2 (for example, the circuit board
may not be unique to the camera function but rather the DCS
be an add-on to an existing circuit board, such as in a cell
phone) and may or may not employ methods and/or appa-
ratus not shown in FIG. 2.

[1067] A digital camera may be a stand-alone product or
may be imbedded in other appliances, such as cell phones,
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computers or the myriad of other imaging platforms now
available or may be created in the future, such as those that
become feasible as a result of this invention.

[1068] One or more embodiments of one or more aspects
of the present invention may have one or more of the
advantages below. A device according to the present inven-
tion can have multiple separate arrays on a single image
sensor, each with its own lens. The simple geometry of a
smaller, multiple arrays allows for a smaller lens (diameter,
thickness and focal length), which allows for reduced stack
height in the digital camera.

[1069] Each array can advantageously be focused on one
band of visible spectrum. Among other things, each lens
may be tuned for passage of that one specific band of
wavelength. Since each lens would therefore not need to
pass the entire light spectrum, the number of elements will
be reduced, likely to one or two.

[1070] Further, due to the focused bandwidth for each
lens, each of the lenses may be dyed during the manufac-
turing process for its respective bandwidth (e.g., red for the
array targeting the red band of visible spectrum). Alterna-
tively, a single color filter may be applied across each lens.
This process eliminates the traditional color filters (the sheet
of individual pixel filters) thereby reducing cost, improving
signal strength and eliminating the pixel reduction barrier.

[1071] In some embodiments, once the integrated circuit
die with the sensor arrays (and possibly one or more portions
of the processor) have been assembled, the assembly is in
the form of a hermetically sealed device. Consequently, such
device does not need a “package” and as such, if desired, can
be mounted directly to a circuit board which in some
embodiments saves part cost and/or manufacturing costs. As
stated above, the method and apparatus of the present
invention is not limited to use in digital camera systems but
rather may be used in any type of system including but not
limited to any type of information system.

[1072] It should be understood that the features disclosed
herein can be used in any combination.

[1073] Note that, except where otherwise stated, terms
such as, for example, “comprises”, “has”, “includes”, and all
forms thereof, are considered open-ended, so as not to
preclude additional elements and/or features. Further, except
where otherwise stated, terms such as, for example, “in
response to” and “based on” mean “in response at least to”
and “based at least on”, respectively, so as not to preclude
being responsive to and/or based on, more than one thing.

[1074] As used herein identifying, determining, and gen-
erating includes identifying, determining, and generating,
respectively, in any way, including, but not limited to,
computing, accessing stored data and/or mapping (e.g., in a
look up table) and/or combinations thereof.

[1075] While there have been shown and described vari-
ous embodiments, it will be understood by those skilled in
the art that the present invention is not limited to such
embodiments, which have been presented by way of
example only, and various changes and modifications may
be made without departing from the scope of the invention.

Ex.1051 / Page 314 of 318
TESLA, INC.



US 2006/0054782 Al

What is claimed is:
1. A digital camera comprising:

a plurality of arrays of photo detectors, including:

a first array of photo detectors to sample an intensity of
light; and

a second array of photo detectors to sample an intensity
of light;

signal processing circuitry, coupled to the first and second
arrays of photo detectors, to generate a composite
image using (i) data which is representative of the
intensity of light sampled by the first array of photo
detectors, and (ii) data which is representative of the
intensity of light sampled by the second array of photo
detectors; and

wherein the first array of photo detectors, the second array
of photo detectors, and the signal processing circuitry
are integrated on or in the same semiconductor sub-
strate.

2. The digital camera of claim 1 wherein:

the first array of photo detectors sample an intensity of
light of a first wavelength; and

the second array of photo detectors sample an intensity of

light of a second wavelength.

3. The digital camera of claim 2 further including a third
array of photo detectors to sample the intensity of light of a
third wavelength, and wherein the signal processing cir-
cuitry is coupled to the third array of photo detectors and
generates a composite image using (i) data which is repre-
sentative of the intensity of light sampled by the first array
of photo detectors, (if) data which is representative of the
intensity of light sampled by the second array of photo
detectors, and (ii) data which is representative of the inten-
sity of light sampled by the third array of photo detectors.

4. The digital camera of claim 3 wherein the first, second
and third arrays of photo detectors are relatively arranged in
a triangular configuration.

5. The digital camera of claim 4 wherein the first array of
photo detectors, the second array of photo detectors, the
third array of photo detectors, and the signal processing
circuitry are integrated on the same semiconductor substrate.

6. The digital camera of claim 5 wherein the first wave-
length is associated with a first color, the second wavelength
is associated with a second color and the third wavelength is
associated with a third color.

7. The digital camera of claim 3 wherein:

the first array of photo detectors sample the intensity of
light of the first wavelength for a first integration time;

the second array of photo detectors sample the intensity of
light of the second wavelength for a second integration
time; and

the third array of photo detectors sample the intensity of
light of the third wavelength for a third integration
time.

8. The digital camera of claim 3 wherein the first, second
and third arrays of photo detectors are relatively arranged in
an isosceles, obtuse, acute or a right triangular configuration.

9. The digital camera of claim 2 wherein the first wave-
length is associated with a first color and the second wave-
length is associated with a second color.
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10. The digital camera of claim 1 wherein:

the first array of photo detectors sample the intensity of
light for a first integration time; and

the second array of photo detectors sample the intensity of
light for a second integration time.
11. The digital camera of claim 1 wherein:

each photo detector of the first array includes a semicon-
ductor portion at which the intensity of light is
sampled; and

each photo detector of the second array includes a semi-
conductor portion at which the intensity of light is
sampled and wherein the semiconductor portion of
each photo detector of the first array is located at a
different depth, relative to a surface of each of the photo
detectors, from than semiconductor portion of each
photo detector of the second array.

12. The digital camera of claim 1 wherein the first array
of photo detectors and the second array of photo detectors
are disposed in the same image plane.

13. The digital camera of claim 1 further including a first
lens disposed in and associated with an optical path of the
first array of photo detectors and a second lens disposed in
and associated with an optical path of the second array of
photo detectors.

14. The digital camera of claim 13 further including a
substantially uniform color filter sheet disposed in the opti-
cal path of the first array of photo detectors.

15. The digital camera of claim 1 further including a first
colored lens disposed in and associated with an optical path
of the first array of photo detectors.

16. The digital camera of claim 1 further including a first
lens disposed in and associated with an optical path of the
first array of photo detectors, wherein:

the first lens passes light of a first wavelength and filters
light of a second wavelength;

the first array of photo detectors sample an intensity of
light of a first wavelength; and

the second array of photo detectors sample an intensity of
light of a second wavelength.
17. The digital camera of claim 1 wherein:

the first array of photo detectors sample an intensity of
light of a first wavelength and an intensity of light of a
second wavelength;

the second array of photo detectors sample an intensity of
light of a third wavelength; and

the first wavelength is associated with a first color, the
second wavelength is associated with a second color
and the third wavelength is associated with a third
color.

18. The digital camera of claim 17 wherein:

each photo detector of the first array includes a first
semiconductor portion at which the intensity of light of
the first wavelength is sampled and a second semicon-
ductor portion at which the intensity of light of the
second wavelength is sampled;

each photo detector of the second array includes a semi-
conductor portion at which the intensity of light of the
third wavelength is sampled; and
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the first and second semiconductor portions of each photo
detector of the first array are located at a different depth,
relative to each other and to a surface of each of the
photo detectors from the semiconductor portion of each
photo detector of the second array.

19. The digital camera of claim 17 further including a first
lens disposed in and associated with an optical path of the
first array of photo detectors and a second lens disposed in
and associated with an optical path of the second array of
photo detectors wherein the first lens passes light of the first
and second wavelengths and filters light of the third wave-
length.

20. The digital camera of claim 17 further including an
optical filter disposed in and associated with an optical path
of the first array of photo detectors wherein the optical filter
passes light of the first and second wavelengths and filters
light of the third wavelength.

21. The digital camera of claim 17 wherein:

the first array of photo detectors sample the intensity of
light of the first wavelength for a first integration time;

the first array of photo detectors sample the intensity of
light of the second wavelength for a second integration
time; and

the second array of photo detectors sample the intensity of
light of the third wavelength for a third integration
time.
22. The digital camera of claim 1 wherein the signal
processing circuitry generates:

a first image using data which is representative of the
intensity of light sampled by the first array of photo
detectors, and

a second image using data which is representative of the
intensity of light sampled by the second array of photo
detectors.

23. The digital camera of claim 22 wherein the signal
processing circuitry generates the composite image using the
first image and the second image.

24. The digital camera of claim 1 further including a
memory to store (i) data which is representative of the
intensity of light sampled by the first array of photo detec-
tors, and (ii) data which is representative of the intensity of
light sampled by the second array of photo detectors.

25. The digital camera of claim 24 wherein the memory,
the first array of photo detectors, the second array of photo
detectors, and the signal processing circuitry are integrated
on or in the same semiconductor substrate.

26. The digital camera of claim 25 further including
timing and control logic that to provide timing and control
information to the signal processing circuitry, the first array
of photo detectors and/or the second array of photo detec-
tors.

27. The digital camera of claim 24 further including
communication circuitry to output data which is represen-
tative of the composite image.

28. The digital camera of claim 27 wherein the commu-
nication circuitry includes at least one of wireless, wired or
optical communication circuitry.

29. The digital camera of claim 24 wherein the commu-
nication circuitry, the memory, the first array of photo
detectors, the second array of photo detectors, and the signal
processing circuitry are integrated on or in the same semi-
conductor substrate.
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30. The digital camera of claim 1 wherein the first array
of photo detectors includes a first surface area and the
second array of photo detectors includes a second surface
area wherein the first surface area is different from the
second surface area.

31. The digital camera of claim 30 wherein the photo
detectors of the first array include a first active surface area
and the photo detectors of the second array include a second
active surface area wherein the first active surface area is
different from the second active surface area.

32. The digital camera of claim 1 wherein the first array
of photo detectors includes a first surface area and the
second array of photo detectors includes a second surface
area wherein the first surface area is substantially the same
as the second surface area.

33. The digital camera of claim 32 wherein the photo
detectors of the first array include a first active surface area
and the photo detectors of the second array include a second
active surface area wherein the first active surface area is
different from the second active surface area.

34. A digital camera comprising:

a plurality of arrays of photo detectors, including:

a first array of photo detectors to sample an intensity of
light of a first wavelength; and

a second array of photo detectors to sample an intensity
of light of a second wavelength;

a first lens disposed in an optical path of the first array of
photo detectors wherein the first lens includes a pre-
determined optical response to the light of the first
wavelength;

a second lens disposed in with an optical path of the
second array of photo detectors wherein the second lens
includes a predetermined optical response to the light
of the second wavelength;

signal processing circuitry, coupled to the first and second
arrays of photo detectors, to generate a composite
image using (i) data which is representative of the
intensity of light sampled by the first array of photo
detectors, and (ii) data which is representative of the
intensity of light sampled by the second array of photo
detectors; and

wherein the first array of photo detectors, the second array
of photo detectors, and the signal processing circuitry
are integrated on or in the same semiconductor sub-
strate.

35. The digital camera of claim 34 wherein:

the first lens passes light of the first wavelength onto an
image plane of the photo detectors of the first array; and

the second lens passes light of the second wavelength
onto an image plane of the photo detectors of the
second array.

36. The digital camera of claim 35 wherein:

the first lens filters light of the second wavelength; and

the second lens filters light of the first wavelength.
37. The digital camera of claim 34 further including:

a third array of photo detectors to sample the intensity of
light of a third wavelength;

Ex.1051 / Page 316 of 318
TESLA, INC.



US 2006/0054782 Al

a third lens disposed in with an optical path of the third
array of photo detectors wherein the third lens includes
a predetermined optical response to the light of the
third wavelength; and

and wherein the signal processing circuitry is coupled to
the third array of photo detectors and generates a
composite image using (i) data which is representative
of the intensity of light sampled by the first array of
photo detectors, (ii) data which is representative of the
intensity of light sampled by the second array of photo
detectors, and (ii) data which is representative of the
intensity of light sampled by the third array of photo
detectors.

38. The digital camera of claim 37 wherein:

the first lens filters light of the second and third wave-
lengths;

the second lens filters light of the first and third wave-
lengths; and

the third lens filters light of the first and second wave-

lengths.

39. The digital camera of claim 37 wherein the first,
second and third arrays of photo detectors are relatively
arranged in a triangular configuration.

40. The digital camera of claim 39 wherein the first array
of photo detectors, the second array of photo detectors, the
third array of photo detectors, and the signal processing
circuitry are integrated on the same semiconductor substrate.

41. The digital camera of claim 40 wherein the first
wavelength is associated with a first color, the second
wavelength is associated with a second color and the third
wavelength is associated with a third color.

42. The digital camera of claim 37 wherein:

the first array of photo detectors sample the intensity of
light of the first wavelength for a first integration time;

the second array of photo detectors sample the intensity of
light of the second wavelength for a second integration
time; and

the third array of photo detectors sample the intensity of
light of the third wavelength for a third integration
time.

43. The digital camera of claim 34 wherein the first
wavelength is associated with a first color and the second
wavelength is associated with a second color.

44. The digital camera of claim 43 wherein:

the first array of photo detectors sample the intensity of
light for a first integration time; and

the second array of photo detectors sample the intensity of

light for a second integration time.

45. The digital camera of claim 34 further including a
housing, wherein the first and second lenses, first and second
arrays of photo detectors, and the signal processing circuitry
are attached to the housing, and wherein the first and second
lenses are independently positionable relative to the associ-
ated array of photo detectors.

46. The digital camera of claim 34 wherein:

the first array of photo detectors sample an intensity of
light of the first wavelength and an intensity of light of
a third wavelength;
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the second array of photo detectors sample an intensity of
light of a second wavelength; and

the first wavelength is associated with a first color, the
second wavelength is associated with a second color
and the third wavelength is associated with a third
color.

47. The digital camera of claim 46 wherein:

each photo detector of the first array includes a first
semiconductor portion at which the intensity of light of
the first wavelength is sampled and a second semicon-
ductor portion at which the intensity of light of the third
wavelength is sampled;

each photo detector of the second array includes a semi-
conductor portion at which the intensity of light of the
second wavelength is sampled; and

the first and second semiconductor portions of each photo
detector of the first array are located at a different depth,
relative to each other and to a surface of each of the
photo detectors from the semiconductor portion of each
photo detector of the second array.

48. The digital camera of claim 46 wherein the first lens
passes light of the first and third wavelengths and filters light
of a second wavelength.

49. The digital camera of claim 46 further including an
optical filter disposed in and associated with an optical path
of the first array of photo detectors wherein the optical filter
passes light of the first and third wavelengths and filters light
of the second wavelength.

50. The digital camera of claim 46 wherein:

the first array of photo detectors sample the intensity of
light of the first wavelength for a first integration time;

the second array of photo detectors sample the intensity of
light of the third wavelength for a second integration
time; and

the first array of photo detectors sample the intensity of
light of the third wavelength for a third integration
time.
51. The digital camera of claim 34 wherein the signal
processing circuitry generates:

a first image using data which is representative of the
intensity of light sampled by the first array of photo
detectors, and

a second image using data which is representative of the
intensity of light sampled by the second array of photo
detectors.

52. The digital camera of claim 51 wherein the signal
processing circuitry generates the composite image using the
first image and the second image.

53. The digital camera of claim 34 further including a
memory to store (i) data which is representative of the
intensity of light sampled by the first array of photo detec-
tors, and (ii) data which is representative of the intensity of
light sampled by the second array of photo detectors.

54. The digital camera of claim 53 wherein the memory,
the first array of photo detectors, the second array of photo
detectors, and the signal processing circuitry are integrated
on or in the same semiconductor substrate.

55. The digital camera of claim 53 further including
communication circuitry to output data which is represen-
tative of the composite image.
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56. The digital camera of claim 55 wherein the commu-
nication circuitry includes at least one of wireless, wired or
optical communication circuitry.

57. The digital camera of claim 53 wherein the commu-
nication circuitry, the memory, the first array of photo
detectors, the second array of photo detectors, and the signal
processing circuitry are integrated on or in the same semi-
conductor substrate.

58. The digital camera of claim 34 wherein the signal
processing circuitry includes first signal processing circuitry
and second signal processing circuitry wherein the first
signal processing circuitry is coupled to and associated with
the first array of photo detectors and second signal process-
ing circuitry is coupled to and associated with the second
array of photo detectors.

59. The digital camera of claim 34 wherein the signal
processing circuitry includes first analog signal logic and
second analog signal logic wherein the first analog signal
logic is coupled to and associated with the first array of
photo detectors and second analog signal logic is coupled to
and associated with the second array of photo detectors.

60. The digital camera of claim 34 wherein the signal
processing circuitry includes first black level logic and
second black level logic wherein the first black level logic is
coupled to and associated with the first array of photo
detectors and second black level logic is coupled to and
associated with the second array of photo detectors.

61. The digital camera of claim 34 wherein the signal
processing circuitry includes first exposure control circuitry
and second exposure control circuitry wherein the first
exposure control circuitry is coupled to and associated with
the first array of photo detectors and second exposure
control circuitry is coupled to and associated with the second
array of photo detectors.
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62. The digital camera of claim 34 further including a
frame, wherein the first and second arrays of photo detec-
tors, the signal processing circuitry, and the first and second
lenses are fixed to the frame.

63. The digital camera of claim 34 further including
timing and control logic that to provide timing and control
information to the signal processing circuitry, the first array
of photo detectors and/or the second array of photo detec-
tors.

64. The digital camera of claim 34 wherein the first array
of photo detectors includes a first surface area and the
second array of photo detectors includes a second surface
area wherein the first surface area is different from the
second surface area.

65. The digital camera of claim 64 wherein the photo
detectors of the first array include a first active surface area
and the photo detectors of the second array include a second
active surface area wherein the first active surface area is
different from the second active surface area.

66. The digital camera of claim 34 wherein the first array
of photo detectors includes a first surface arca and the
second array of photo detectors includes a second surface
area wherein the first surface area is substantially the same
as the second surface area.

67. The digital camera of claim 66 wherein the photo
detectors of the first array include a first active surface area
and the photo detectors of the second array include a second
active surface area wherein the first active surface area is
different from the second active surface area.
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