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[0002] A sensor used in a conventional single sensor camera, typically includes a

row controller and one or more column read-out circuits. In the context of the array of
pixels in an imager, the term “row” is typically used to refer to a group of pixels that
share a common control line(s) and the term “column” is a group of pixels that share a
common read-out line(s). A number of array camera designs have been proposed that
use either an array of individual cameras/sensors or a lens array focused on a single
focal plane sensor. When multiple separate cameras are used in the implementation of
an array camera, each camera has a separate 1/0 path and the camera controllers are
typically required to be synchronized in some way. When a lens array focused on a
single focal plane sensor is used to implement an array camera, the sensor is typically
a conventional sensor similar to that used in a conventional camera. As such, the
sensor does not possess the ability to independently control the pixels within the image

circle of each lens in the lens array.

SUMMARY OF THE INVENTION

[0003] Systems and methods are disclosed in which an imager array is implemented
as a monolithic integrated circuit in accordance with embodiments of the invention. In
many embodiments, the imager array includes a plurality of imagers that are each
independently controlled by control logic within the imager array and the image data
captured by each imager is output from the imager array using a common 1/0 path. In a
number of embodiments, the pixels of each imager are backside illuminated and the

bulk silicon of the imager array is thinned to different depths in the regions
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[ 0003] Systens and net hods are disclosed in which an inmager array is

i npl emented as a nonolithic integrated circuit in accordance with

enbodi menwe 20f1/14B®1i nventi on. I n many enbodi nents, the PORYSR0IANBEYWI
includes a plurality of imgers that are each independently controlled by

control. logic within the imager array and the i mage data captured by each
i mager is output fromthe imager array using a conmon |I/O path. In a nunber
of enbodi ments, the pixels of each inager are backside illum nated and the

bulk silicon of the imager array is thinned to different depths in the
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In at least two of the focal planes is separately controllable, and sampling circuitry
configured to convert pixel outputs into digital pixel data.

[0005] In a further embodiment, the plurality of focal planes is arranged as a two
dimensional array of focal planes having at least three focal planes in one dimension.
[0006] In another embodiment, the plurality of focal planes is arranged as a two
dimensional array of focal planes having at least three focal planes in both dimensions.
[0007] In a still further embodiment, the plurality of focal planes arranged as an N x
M array of focal planes comprising at least two focal planes configured to capture blue
light, at least two focal planes configured to capture green light, and at least two focal

planes configured to capture red light.

[0008] In still another embodiment, each focal plane comprises rows and columns of
pixels.
[0009] In a yet further embodiment, the control circuitry is configured to control

capture of image information by a pixel by controlling the resetting of the pixel.

[0010] In yet another embodiment, the control circuitry is configured to control
capture of image information by a pixel by controlling the readout of the pixel.

[0011]  In a further embodiment again, the control circuitry is configured to control

capture of image information by controlling the integration time of each pixel.



[ 0006] I n anot her enbodi nent, the plurality of focal. planes is arranged as
a two dinensional. array of focal. planes having at |east three focal.

pl anes i rwbabtydsssensi ons. [0007]In a still further enbedirrmsada1/osdse9
plurality of focal. planes arranged as an N x Marray of focal. planes
conprising at least two focal. planes configured to capture blue |ight, at
| east two focal. planes configured to capture green light, and at |east two
focal. planes configured to capture red light. [0008]1In still another
enbodi ment, each focal. plane conprises rows and colums of pixels.
[0009][0@112:] yeln éoothieerenepdxboiemé egairt, Héecxmnltlrailcurmmr;zuss tcopfiggresbte cgutred t o
control. capture of image information by a pixel. ¥ controlling the

r eset tthagrefessiy qfulmgelnf[omt;@@qombyf@pt%bw e@éﬁﬁ@cﬁ hepMPHAG CEERT oI .

ci rCUi[bﬁh]i S nonf ﬂHﬁrer aé(?ngﬁglt Eapnbodlment the control circuitry is configured to
control the processing of image information by controlling the black level offset of each
pixel.
[0014] In another additional embodiment, the control circuitry is configured to
control the capture of image information by controlling readout direction.
[0015]  In a still yet further embodiment, the read-out direction is selected from the
group including top to bottom, and bottom to top.
[0016] In still yet another embodiment, the read-out direction is selected from the
group including left to right, and right to left.
[0017] In a still further embodiment again, the control circuitry is configured to
control the capture of image information by controlling the readout region of interest.
[0018] In still another embodiment again, the control circuitry is configured to
control the capture of image information by controlling horizontal sub-sampling.
[0019] In a still further additional embodiment, the control circuitry is configured to
control the capture of image information by controlling vertical sub-sampling.
[0020] In still another additional embodiment, the control circuitry is configured to
control the capture of image information by controlling pixel charge-binning.
[0021] In a yet further embodiment again, the imager array is a monolithic
integrated circuit imager array.
[0022] In yet another embodiment again, a two dimensional array of adjacent pixels
In at least one focal plane have the same capture band.
[0023] In a yet further additional embodiment, the capture band is selected from the
group including blue light, cyan light, extended color light comprising visible light and
near-infra red light, green light, infra-red light, magenta light, near-infra red light, red

light, yellow light, and white light.



capture of image information by a pixel. by controlling the readout of the
pi xel .. [0011]In a further enbodi nent again, the control. circuitry is
confi gur estot2ot1ic@sgon ol . capture of image information by eomtusediioses4e he
integration tinme of each pixel.. WD 2011/ 143501PCT/ US2011/ 036349 [0012]In
anot her enbodi nent again, the control. circuitry is configured to control
the processing of image information by controlling the gain of the sanpling
circuitry. [0013]In a further additional. enbodinment, the control.
circuitry is configured to control. the processing of image information by
cont r d0024lg t mea Burdb&r bediebnalf ¢mbbdinfierdaadaimi x&rst.arf &0 0#3djacamiopikels in a
addi tional. enbodi nent, the control. circuitry is configured to

first focal plane have a first capture band, a second array of adjacent pixels in a second

focal plane have a second capture band, where the first and second capture bands are

the same, the peripheral circuitry is configured so that the integration time of the first

array of adjacent pixels is a first time period, and the peripheral circuitry is configured

so that the integration time of the second array of adjacent pixels is a second time

period, where the second time period is longer than the first time period.

[0025] In another further embodiment, at least one of the focal planes includes an

array of adjacent pixels, where the pixels in the array of adjacent pixels are configured

to capture different colors of light.

[0026] In yet another further embodiment, the array of adjacent pixels employs a

Bayer filter pattern.

[0027] In still another further embodiment, the plurality of focal planes is arranged

as a 2 x 2 array of focal planes, a first focal plane in the array of focal planes includes an

array of adjacent pixels that employ a Bayer filter pattern, a second focal plane in the

array of focal planes includes an array of adjacent pixels configured to capture green

light, a third focal plane in the array of focal planes includes an array of adjacent pixels

configured to capture red light, and a fourth focal plane in the array of focal planes

includes an array of adjacent pixels configured to capture blue light.

[0028] In another further embodiment again, the plurality of focal planes is arranged

as a two dimensional array of focal planes having at least three focal planes in one

dimension.

[0029] In another further additional embodiment, the plurality of focal planes is

arranged as a two dimensional array of focal planes having at least three focal planes in

both dimensions.

[0030] In still yet another further embodiment, the control circuitry comprises a

global counter.



control. the capture of inmage information by controlling readout direction.
[0015]In a still yet further enbodinent, the read-out direction is sel ected
from t he woaop/i4giudi ng top to bottom and bottomto tepT/UsRQ16pd39 stil |
yet anot her enbodi ment, the read-out direction is selected fromthe group
including left to right, and right to left. [0017]In a still further
enbodi nent again, the control. circuitry is configured to control. the
capture of inmage information by controlling the readout region of interest.
[0018] In still another enbodiment again, the control. circuitry is
confi d082H t olncohtanothertfoetheapmivadimint agaje, Thef amietlicorublyy sominfigurédtp
hori zontal . sub-sanpling. .
stagger the start points of image read-out such that each focal plane has a controlled
temporal offset with respect to a global counter.
[0032] In still another further additional embodiment again, the control circuitry is
configured to separately control the integration times of the pixels in each focal plane
based upon the capture band of the pixels in the focal plane using the global counter.
[0033] Inyet another further embodiment again, the control circuitry is configured to
separately control the frame rate of each focal plane based upon the global counter.
[0034] In yet another further additional embodiment, the control circuitry further
comprises a pair of pointers for each focal plane.
[0035] In a still further embodiment, the offset between the pointers specifies an

integration time.

[0036] In still another embodiment, the offset between the pointers is
programmable.
[0037] In a yet further embodiment, the control circuitry comprises a row controller

dedicated to each focal plane.

[0038] In yet another embodiment, the imager array includes an array of M x N focal
planes, and the control circuitry comprises a single row decoder circuit configured to
address each row of pixels in each row of M focal planes.

[0039] In a further embodiment again, the control circuitry is configured to generate
a first set of pixel level timing signals so that the row decoder and a column circuit
sample a first row of pixels within a first focal plane, and the control circuitry is
configured to generate a second set of pixel level timing signals so that the row decoder
and a column circuit sample a second row of pixels within a second focal plane.

[0040] In another embodiment again, each focal plane has dedicated sampling

circuitry.



[0019]In a still further additional. enbodinment, the control. circuitry is
configured to control. the capture of image information by controlling
vertical .weubtis@splii ng. [0020]In still another additi onaCT/usediodsesent, t he
control. circuitry is configured to control. the capture of inmge
I nformation by controlling pixel. charge-binning. [0021]1n a yet further
enbodi nent again, the imager array is a nonolithic integrated circuit
i mager array. [0022]In yet another enbodi ment again, a two di mensional.
array of adjacent pixels in at |east one focal. plane have the same capture
band. [pOOYI3] | m afuréherfadditieral zdubddioweal,.atdedsddi pation of hiee sapipling coandry s
sel ected fromthe _
Is shared by a plurality of the focal planes.
[0042] In another additional embodiment, the imager array includes an array of M x
N focal planes, and the sampling circuitry comprises M analog signal processors (ASPs)
and each ASP is configured to sample pixels read-out from N focal planes.
[0043] In a still yet further embodiment, each ASP is configured to receive pixel
output signals from the N focal planes via N inputs, and each ASP is configured to
sequentially process each pixel output signal on its N inputs.
[0044]  In still yet another embodiment, the control circuitry is configured so that a
single common analog pixel signal readout line is shared by all pixels in a group of N
focal planes, and the control circuitry is configured to control the capture of image data
to time multiplex the pixel output signals received by each of the M ASPs.
[0045]  In still another embodiment again, the imager array includes an array of M x
N focal planes, the sampling circuitry comprises a plurality of analog signal processors
(ASPs) and each ASP is configured to sample pixels read-out from a plurality of focal
planes, the control circuitry is configured so that a single common analog pixel signal
readout line 1s shared by all pixels in the plurality of focal planes, and the control
circuitry is configured to control the capture of image data to time multiplex the pixel
output signals received by each of the plurality of ASPs.
[0046] In a yet further embodiment again, the sampling circuitry comprises analog
front end (AFE] circuitry and analog-to-digital conversion (ADC]) circuitry.
[0047] In yet another embodiment again, the sampling circuitry is configured so that
each focal plane has a dedicated AFE and at least one ADC is shared between at least
two focal planes.

[0048] In ayet further additional embodiment, the sampling circuitry is configured so

that at least one ADC is shared between a pair of focal planes.



group including blue light, cyan light, extended color |ight conprising
visible light and near-infra red light, green light, infra-red |ight,
magent a Iwohwit/memn-infra red light, red Iight, yellow IPCghtS2oianss3whi t e
light. WD 2011/ 143501PCT/ US2011/ 036349 [0024] I n a further additional

enbodi nent again, a first array of adjacent pixels in a first focal. plane
have a first capture band, a second array of adjacent pixels in a second
focal . plane have a second capture band, where the first and second capture
bands are the sane, the peripheral. circuitry is configured so that the

i nt egrl8042n t inmeetain ot e dddigenalreralyo dmeadij theesmplingetisciisryas conBgurteidne
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pattern. [0027]1n still another further embodi ment e plurality of focal.
pl anesoithatist l@agieehe AFE is shared between a pair of focal planes.
[0052] In another further embodiment, the sampling circuitry is configured so that
two pairs of focal planes that each share an AFE collectively share an ADC.
[0053] In still another further embodiment, the control circuitry is configured to
separately control the power down state of each focal plane and associated AFE
circuitry or processing timeslot therein.
[0054]  In yet another further embodiment, the control circuitry configures the pixels
of at least one inactive focal plane to be in a constant reset state.
[0055] In another further embodiment again, at least one focal plane includes
reference pixels to calibrate pixel data captured using the focal plane.
[0056] In another further additional embodiment, the control circuitry is configured
to separately control the power down state of the focal plane's associated AFE circuitry
or processing timeslot therein, and the control circuitry is configured to power down the
focal plane's associated AFE circuitry or processing timeslot therein without powering
down the associated AFE circuitry or processing timeslot therein for readout of the
reference pixels of the focal plane.
[0057] In still yet another further additional embodiment, the pixels in the array of
adjacent pixels share read-out circuitry.
[0058] In still another further embodiment again, the read-out circuit includes a
reset transistor, a floating diffusion capacitor, and a source follower amplifier

transistor.



as a 2 x 2 array of focal. planes, a first focal. plane in the array of
focal. planes includes an array of adjacent pixels that enploy a Bayer
filter pavoenn/i4asosecond focal. plane in the array of fecalus2@hasessy

i ncludes an array of adjacent pixels configured to capture green light, a
third focal. plane in the array of focal. planes includes an array of

adj acent pixels configured to capture red light, and a fourth focal. plane
in the array of focal. planes includes an array of adjacent pixels
confi%ured to capture blue light. [0028]1n another further enbodi nent
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band of the pixels in the first array of adjacent pixels, and the full well capacity of the
pixels in the first array of adjacent pixels is different to the full well capacity of the
pixels in the second array of adjacent pixels.
[0060] Inyet another further embodiment again, the full well capacity of the pixels in
the first array of adjacent pixels is configured so that each pixel well is filled by the
number of electrons generated when the pixel is exposed for a predetermined
integration time to light within the first capture band having a predetermined maximum
spectral radiance, and the full well capacity of the pixels in the second array of adjacent
pixels 1s configured so that each pixel well is filled by the number of electrons
generated when the pixel is exposed for a predetermined integration time to light within
the second capture band having a predetermined maximum spectral radiance.
[0061] In yet another further additional embodiment, the floating diffusion
capacitance determines the conversion gain of each pixel in the array of adjacent
pixels.
[0062] In a further embodiment, the array of adjacent pixels in the at least one focal
plane is a first array of adjacent pixels, the imager array includes a second array of
adjacent pixels within another of the plurality of focal planes and the pixels in the
second array of adjacent pixels has a floating diffusion capacitance that determines the
conversion gain of each pixel in the second array of adjacent pixels, the capture band of
the pixels in the second array of adjacent pixels differs from the capture band of the

pixels in the first array of adjacent pixels, and the conversion gain of the pixels in the



stagger the start points of inmage read-out such that each focal. plane has
a controlled tenporal. offset with respect to a global counter. [0032]In
still anovbenifusiomer additional. enbodi ment again, thePpcontseal/o3@uycuitry
is configured to separately control. the integration tines of the pixels in
each focal. plane based upon the capture band of the pixels in the focal.
pl ane using the global counter. [0033]In yet another further enbodi nent
again, the control. circuitry is configured to separately control. the
frame rate of each focal. plane based upon the global counter. [0034]1n yet
anot hdrrst artdyeof adidiceniopalels erddtineshtto thhecarwatgioh .gacm rof tiher yixélgr inhdre
conprises a pair of pointers for each focal. plane. [0035]In a still

f ur t heecenhatiayohedjachat pixeet bet ween t he poi nters specifies an

I nt egr[%éfﬂn tlinrr%hother embodiment, the floating diffusion capacitors of the first and
second arrays of adjacent pixels are configured to minimize the input referred noise of
the pixel outputs.

[0064] In a still further embodiment, the array of adjacent pixels in the at least one
focal plane is a first array of adjacent pixels, the imager array includes a second array
of adjacent pixels within another of the plurality of focal planes and the pixels in the
second array of adjacent pixels has a floating diffusion capacitance that determines the
conversion gain of each pixel in the second array of adjacent pixels, the capture band of
the pixels in the second array of adjacent pixels is the same as the capture band of the
pixels in the first array of adjacent pixels, and the conversion gain of the pixels in the
first array of adjacent pixels is different to the conversion gain of the pixels in the
second array of adjacent pixels.

[0065] In still another embodiment, the source follower gain of each pixel in the
array determines the output voltage the pixels.

[0066] In a yet further embodiment, the array of adjacent pixels in the at least one
focal plane is a first array of adjacent pixels, the imager array includes a second array
of adjacent pixels within another of the plurality of focal planes and the pixels in the
second array of adjacent pixels has a fixed source follower gain for each pixel in the
second array of adjacent pixels, the capture band of the pixels in the second array of
adjacent pixels differs from the capture band of the pixels in the first array of adjacent
pixels, and the source follower gain of the pixels in the first array of adjacent pixels is
different to the source follower gain of the pixels in the second array of adjacent pixels.
[0067] In yet another embodiment, the source follower gain of the first and second
arrays of adjacent pixels are configured so that the maximum output signal swing of

each pixel is the same.



[0036] I n still another enbodi nent, the offset between the pointers is
programmabl e. [0037]1n a yet further enbodinent, the control. circuitry
conpri seswea wov4smt r ol | er dedi cated to each focal. plareT/Use@3nsd3ng yet
anot her enbodi nent, the inmager array includes an array of Mx N focal.

pl anes, and the control. circuitry conprises a single row decoder circuit
configured to address each row of pixels in each row of M focal. planes.
[0039] I n a further enbodi ment again, the control. circuitry is configured
to generate a first set of pixel. level timng signals so that the row
decoddf068ld alrcalfurtherciembodtimeainpgan aa fiirstsarrapwf afljgsertepixetd tha first focakt
focal. plane, and the control. circuitry is configured to generate a second
set ofPlyisBpve |aefieat ¢aptirfybangnalsscapd Eheay phadiregntessten ante@ndologah
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Imager array Is backside illuminated, and the thinning depth of the imager array in the
region containing the first array of adjacent pixels is different to the thinning depth of
the region of the imager array containing the second array of adjacent pixels.

[0069] In another embodiment again, the first and second capture bands do not
overlap.

[0070] In a further additional embodiment, the thinning depth of the imager in the
array in the region containing the first array is related to the first capture band, and the
thinning depth of the imager in the array in the region containing the second array is
related to the second capture band.

[0071]  In another additional embodiment, the first thinning depth is configured so as
to position the peak carrier generation within the photodiode’s depletion region given a
nominal capture band wavelength of 450 nm.

[0072] In a still yet further embodiment, the first thinning depth is configured so as
to position the peak carrier generation within the photodiode’s depletion region given a
nominal capture band wavelength of 550 nm.

[0073] In still yet another embodiment, the first thinning depth is configured so as to
position the peak carrier generation within the photodiode’s depletion region given a
nominal capture band wavelength of 640 nm.

[0074]  In a still further embodiment again, a first array of adjacent pixels in a first
focal plane have a first capture band, a second array of adjacent pixels in a second focal
plane have a second capture band, where the first and second capture bands differ, the
pixels in the first array of adjacent pixels are a first pixel size, the pixels in the second

array of adjacent pixels are a second pixel size, and the first pixel size is larger than the
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circuitry. WD 2011/ 143501PCT/ US2011/ 036349 [0041]In a further additional
enbodi nent, at least a portion of the sanpling circuitry is shared by a
pl ural i t ywof2otia3ssfoocal . pl anes. [0042] I n anot her additi encaluS2@mioscuaent ,
the i mager array includes an array of Mx N focal. planes, and the sanpling
circuitry conprises M analog signal. processors (ASPs) and each ASP is
configured to sanple pixels read-out from N focal. planes. [0043]In a stil
yet further enbodi ment, each ASP is configured to receive pixel. output
signals fromthe N focal. planes via N inputs, and each ASP is configured
t o seceeond pixey spreozms sheeficdt @iptete band putludesglvaiger ovavietengths npligkt than
[0044]In still yet another enbodinent, the control. circuitry is configured
so t hahe gecond capture band.

[0075] In a still further additional embodiment, a first portion of the control circuitry

Is located on one side of a focal plane and a second portion of the control circuitry is

located on the opposite side of the focal plane.

[0076] In still another additional embodiment, the first portion of the control circuitry

Is configured to control the capture of information by a plurality of pixels in a first focal

plane and in plurality of pixels in a second focal plane located adjacent the first focal

plane.

[0077] In a yet further embodiment again, the imager array is configured to receive a

lens array positioned above the focal planes of the imager array, and each of the

plurality of focal planes is located within a region in the imager array corresponding to

an image circle of the lens array, when a lens array is mounted to the imager array.

[0078] Yet another embodiment again, also includes a cover-glass mounted above

the focal planes of the imager array.

[0079] In a further additional embodiment again, adjacent focal planes are separated

by a spacing distance.

[0080] In another additional embodiment again, control circuitry is located within the

spacing distance between adjacent focal planes.

[0081] In another further embodiment, sampling circuitry is located within the

spacing distance between adjacent focal planes.

[0082] One embodiment includes a plurality of focal planes, where each focal plane

comprises a two dimensional arrangement of pixels having at least two pixels in each

dimension and each focal plane is contained within a region of the imager array that

does not contain pixels from another focal plane, control circuitry configured to control

the capture of image information by the pixels within the focal planes, where the control

circuitry 1s configured so that the capture of image information by the pixels in at least
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si ngl e common anal og pi xel. signal. readout line is shared by all pixels in
a group of N focal. planes, and the control. circuitry is configured to
control . wbeotiaggsne of inage data to tinme nultiplex thecmpivsedll/osasuput
signals received by each of the M ASPs. [0045]In still another enbodi nent
again, the imager array includes an array of Mx N focal. planes, the
sanpling circuitry conprises a plurality of analog signal. processors
(ASPs) and each ASP is configured to sanple pixels read-out froma
plurality of focal. planes, the control. circuitry is configured so that a
si ngl éwooofimbine docdloglapex ek . sepiagatzly costrdtable, isaenplog hacedrbyoaligureidxtd s in
the plurality of focal. planes, and the control. circuitry is configured to
cont r PNV puipetsonty Aiial dateh deba enawURNtInEIréCce HEC ik gonfiguegslito

si gnal s recgiveﬂdb% each of theg$kurality of ASPs. [0046]1n a yet further
enbodi FRARME§5ieh 22 tene 88N YNt H S t ry” conpri ses anal og front end (AFE)

ol reubbysiandadahegelibod Abhedr RIREEARc AR B! Stay LRIGI 0 Vet

anot her “erfbodi nent "agal n, e sanpling circuitry 1S co at” each

focal .N pbanepliass andeslitpat aoteffEE aRdluats l18asthanet ADR betpehdores, hetdvean at

| east two focal. planes. [0048]In a yet further additional. enbodi nent, the
sanpl icogtrol koduitryisi @rdgof¢dto @dhs endlhptexathel pedtdaaentdthé sugharpdtdet ween
a pal rthg];uzpou(’i?rLt-er alcg.nes.
[0084] In another embodiment, the control circuitry further comprises memory
configured to buffer pixel data from the plurality of focal planes until a time-slot is
available on an output port of the output interface to transmit the pixel data.
[0085] In a still further embodiment, the control circuitry is configured to insert
codes between the pixel data transmitted via the output interface, where the codes
provide information identifying a focal plane.
[0086] In still another embodiment, the control circuitry is configured to insert codes
between the pixel data transmitted via the output interface, where the codes provide
information identifying at least one row of pixels within a focal plane.
[0087] In ayet further embodiment, the control circuitry is configured to insert codes
between the pixel data transmitted via the output interface, where the codes provide
information identifying at least one column of pixels within a focal plane.
[0088] In yet another embodiment, the control circuitry is configured to insert codes
between the pixel data transmitted via the output interface, where the codes provide
information identifying the relative time of pixel data capture.
[0089] In a further embodiment again, the codes provide information identifying the
relative start time of the pixel data capture.
[0090] In another embodiment again, the codes provide information identifying the

relative end time of the pixel data capture.
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WO 2011/ 143501PCT/ US2011/ 036349 [0049] I n yet another additional.

enbodi nent, the sanpling circuitry is configured so that at |east one ADC

I s shar eawbebwedssoiour focal. planes. [0050]1In a furthePCadsealiloseshe

enbodi ment again, the sanpling circuitry is configured so that at |east one
AFE is shared between at |east two focal. planes. [0051]1n another

addi tional . enbodi nent again, the sanpling circuitry is configured so that
at | east one AFE is shared between a pair of focal. planes. [0052]1n

anot her further enbodi ment, the sanpling circuitry is configured so that
two pd08%1lof Moz hlrthet addisonhla¢mbadimaitatie aontAFEcicalitrgduithel yostparsesan
ADC.

counter and the codes that provide information identifying the relative time of pixel data
capture are generated using the counter.

[0092] In another additional embodiment, the control circuitry is configured to insert
codes between the pixel data transmitted via the output interface, where the codes
provide information concerning operating parameters of the imager array.

[0093] In a still yet further embodiment, the codes provide the integration time of

each focal plane.

[0094] In still yet another embodiment, the codes provide the gain of each focal
plane.
[0095] In a still further embodiment again, the output interface circuitry is

configured to insert a frame blanking interval between transmission of pixel data via the
output interface.

[0096] In still another embodiment again, the output interface circuitry is further
configured to insert a line blanking interval between transmission of lines of pixel data
via the output interface.

[0097] In a still further additional embodiment, the output interface circuitry is
configured to transform the pixel data by performing bit reductions.

[0098] An embodiment of the method of the invention includes separately capturing
pixel data using an imager array having a plurality of focal planes, where each focal
plane comprises a two dimensional arrangement of pixels having at least two pixels in
each dimension and each focal plane is contained within a region of the imager array
that does not contain pixels from another focal plane, during the capture of the pixel
data, buffering portions of the captured pixel data within memory in the imager array,
and transmitting the buffered pixel data via an output interface in the imager array

when a time-slot is available on an output port.
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[0053]In still another further enmbodi nent, the control. circuitry is
configured to separately control. the power down state of each focal. plane
and assocweted/WABHIci rcuitry or processing tinneslot theceius201i083491n yet
anot her further enbodinent, the control. circuitry configures the pixels of
at | east one inactive focal. plane to be in a constant reset state.

[ 0055] I n anot her further enbodi nent again, at |east one focal. plane

i ncludes reference pixels to calibrate pixel. data captured using the
focal. plane. [0056] 1 n another further additional. enbodinent, the control.
Ci rcw[ﬂ@?f?]l s Adnfthguredotdonsepartaeehyersontaled indidesaesieg cdotmol siratieryafn t he
focal. plane's associated AFE circuitry or processing tinneslot therein,
and t KBE dB1RgEBIarTy te unseny qogle drtvgan et lesbﬂetra gansminedréedhe gitane’ s

AFE 1 t th t hout
Goun iR BB mhEt e deds R F OB a e b ALEE TS b A et 8ot horer n ror |

reado‘!bo 0]t hﬁnéﬁ% %oedlrwe)l‘\?ngtl? mR@ﬁhI)r?%Eéoblian %uslug)%ég“rgl §|H:l1!| yyoeﬁ

anot her ﬁ%rther ditional sin the arr
the imager array to insert codes between the pixel data transmitted via the output

interface, where the codes provide information identifying at least one row of pixels
within a focal plane.

[00101] A still further embodiment of the invention also includes using control
circuitry on the imager array to insert codes between the pixel data transmitted via the
output interface, where the codes provide information identifying at least one of at least
one column of pixels within a focal plane, the relative time of pixel data capture, the
relative start time of the pixel data capture, the relative end time of the pixel data
capture, the integration time of each focal plane, and the gain of each focal plane.
[00102] Still another embodiment of the invention also includes using control circuitry
on the imager array to insert a line blanking interval between transmissions of buffered
pixel data via the output interface.

[00103] A yet further embodiment of the invention also includes using control
circuitry on the imager array to insert a frame blanking interval upon completion of the

transmission of the captured pixel data.

BRIEF DESCRIPTION OF THE DRAWINGS

[00104] FIG. 1 is a block diagram of an array camera in accordance with an
embodiment of the invention.

[00105] FIG. 1A is a block diagram of a monolithic imager array in accordance with an
embodiment of the invention.

[00106] FIGS. 2A - 2B illustrate imager configurations of imager arrays in accordance

with embodiments of the invention.
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adj acent pixels share read-out circuitry. [0058]In still another further
enbodi nent again, the read-out circuit includes a reset transistor, a

fl oati ng wof2bhugi4aswicapacitor, and a source foll ower anplPCriuseoitiaG339 St or .
WO 2011/ 143501PCT/ US2011/ 036349 [0059] I n still another further additional.
enbodi ment, the array of adjacent pixels in the at | east one focal. plane
is a first array of adjacent pixels, the imager array includes a second
array of adjacent pixels within another of the plurality of focal. planes
and the pixels in the second array of adjacent pixels in the second array
of adjlB@EI] pFbelFillushmteapnuarehiiaotlirefoftdreirpagel sriap it eccoedond withan of
adj acent pixels differs fromthe capture band of the pixels in the first
ar r ay eonbeimeeéat the weertiorand the full well capacity of the pixels in the

BT, SFE TR Pl LR 9 Sk ARG P

furt h%rnﬁ?%?gdggﬁ%ltco%ggkt@rs Fnh§ccfor%i%nuér@2\g#tfsl%ﬂ%hqglit)(;cylm%fnt%Pﬁw |'n6gljﬂi?(?ﬂn the first

array o pI Xel's 1s con 0 each pixel. we is filled

by t hgootogler FI. 4@l igettrans Jemenat sethneefurkhs di el geri srr&XPR&QANE @hafed
predeterm ned integration tine to light within the Tirst capture band

havi ngolurphedetds m aech rdaxcawithsgreerhbadimaradif aine eyveationt he ful | wel |

capaci ta/ of the pixels in the second array of adjacent pixels is configured
so t hdB0kHYh piGkedB iWestrates still lasgthgr arditeshtyer obfneineagaroay aydnelugtng
when the pixel. is exposed . for a predeterm nrgg int?e{gra*h'bon tine to |ight

wi t hi FNeFeA SRIEGOYUIRASHHE SR AACHAG N A AR LERPEH T P HAK iMERSPect 1 al .

radi a [0 I, A t,anot her further additional ..enhodi nent,, th

foat TG W £ B S RuerEiet ase Aot R B8 Rhhic PRt TR Oy ot

pi xel .p1dMed R& a6 ha% a2FoRRInRE SHEh A ¥R/lbddiment of the invention.

[00112] FIG. 4D illustrates a pair of focal planes in an imager array having dedicated
analog front end circuitry and sharing an analog to digital converter in accordance with
an embodiment of the invention.

[00113] FIG. 4E illustrates a group of four focal planes in an imager array where pairs
of focal planes share analog front end circuitry and the group of four focal planes share
an analog to digital converter in accordance with an embodiment of the invention.
[00114] FIG. 4F illustrates a pair of focal planes within an imager array where the pair
of focal planes share column control read-out circuitry in accordance with an
embodiment of the invention.

[00115] FIG. 4G illustrates a pair of focal planes within an imager array where the
column control and read-out circuitry is split and a single block of column control and
read-out circuitry reads out odd columns from a first focal plane and even columns
from a second focal plane in accordance with an embodiment of the invention.

[00116] FIG. 4H is a block diagram illustrating focal plane timing and control circuitry
In accordance with an embodiment of the invention.

[00117] FIG. 5 illustrates a backside illuminated imager array with optimized thinning

depths in accordance with an embodiment of the invention.
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[0062] In a further enbodinment, the array of adjacent pixels in the at |east
one focal. plane is a first array of adjacent pixels, the inmager array

i ncl udes wogetiorssoar ray of adj acent pixels within anot hectafS2athe3@hural ity
of focal. planes and the pixels in the second array of adjacent pixels has
a floating diffusion capacitance that determ nes the conversion gain of
each pixel. in the second array of adjacent pixels, the capture band of the
pi xels in the second array of adjacent pixels differs fromthe capture band
of the pixels in the first array of adjacent pixels, and the conversion
gai n &FEtAEERIDIBCE OB/ RENeF WOEAOWENI4GBO1PCT/ US2011/ 036349 first array of
adj acent pixels is different to the conversion gain of the pixels in the
second0@} f%ly berndey aewnto thiexdnagvingpasshitectynrst farinmaass drraist confiered deft i ng

B R0 ot AR ES P Rer8L bEYRs RveBhacreluptsts. e
0064 L] f i b ! : _ t
oast BAatpibigbbainiiacs et JERan O & SXmBleP AR e chible @

array of g bedpura tFRe Yhdadh fayalPlardimenbridiyX e MirbhidtadpRintedeRiribeBe
plurality of focal. planes and the pixels in the second array of adjacent

pi xel swhadimaenk|omat iangndjiehiargidmizepadidcahparekah aetreagemasay aee cgmuvatysi on

gain of each pixel, in the second array of adjacent pixels, the capture

band d¥ont pierfEppeng (iien eeple fawt pfaneaisrlagatet! vt incesrpapateetegionson ke yaageras

(he cap e Band of Lnc BLXels ihie el aEaL,of 3 peent Bl nd

0115l U NS4 A Lok B BRBS TR R BPRETIR 859 v

gai N Qfie 88 PRARE! In & Rubfir of embodiments, the focal planes of the imager array can
be separately triggered. In several embodiments, the focal planes of the imager array
utilize different integration times tailored to the capture band of the pixels within each
focal plane. The capture band of a pixel typically refers to a contiguous sub-band of the
electromagnetic system to which a pixel is sensitive. In addition, the specialization of
specific focal planes so that all or a majority of the pixels in the focal plane have the
same capture band enables a number of pixel performance improvements and
Increases In the efficiency of utilization of peripheral circuitry within the imager array.
[00119] In a number of embodiments, the pixels of the imager array are backside
illuminated and the substrate of the regions containing each of the focal planes are
thinned to different depths depending upon the spectral wavelengths sensed by the
pixels in each focal plane. In addition, the pixels themselves can be modified to
improve the performance of the pixels with respect to specific capture bands. In many
embodiments, the conversion gain, source follower gain and full well capacity of the
pixels in each focal plane are determined to improve the performance of the pixels with
respect to their specific capture bands.

[00120] In several embodiments, each focal plane possesses dedicated peripheral

circuitry to control the capture of image information. In certain embodiments, the
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array determ nes the output voltage the pixels. [0066]In a yet further
enbodi nent, the array of adjacent pixels in the at |east one focal. plane
is a firswoantiam3®dii adj acent pixels, the inager array i rcrudes 1a3asezond
array of adjacent pixels within another of the plurality of focal. planes
and the pixels in the second array of adjacent pixels has a fixed source
follower gain for each pixel. in the second array of adjacent pixels, the
capture band of the pixels in the second array of adjacent pixels differs
fromthe capture band of the pixels in the first array of adjacent pixels,
and t heospinged pials ovwendedincaiturdéhebamlescaiphurtehzarfd inse feuat alares adibbeent
pixels is different to the source follower gain of the pixels in the second
ar r ay Pefipagyalceruitpy kebs sharesbbatveaen thatpixaiot Wemaswissabediftents. Hee soakece

foll ower gain of the first and second arrays of adjacent pixels are

cont | el afniet Bradoli el FlRr BT e S 0B Pead T GoeaB Sikeh T 274 he
sane. - / a further enbodi nent again,
a fir§¥£g%$é%&%#%§ﬁ%§g§ﬁbﬁ%?&éf£$$%%§okgﬂggk%%ca!. pl ane have a first

capt ungoPard, IrtnfRGoatdbadindntef trdirpegets i X8lisagar artfcend teogl@aked Rhane
have a second capture band, where the first and second ‘capture bands

di f f elpwtheowsnageteadbraynsesvebpokeri, dehich lcambratssful andpéta@nghhodesnthatept h of
the imager array in the region containing the first array of adjacent

pi xel fiof sediif ¢ atldmagess tthdet trathiongerrsptehthf outpat ivgoede.af lawer Teseyéeionar r ay

o 1 550 BBl S5 Bt BocPhBo Rcu et eorRet
furt he\'\/\githa(gl% tt;’aonrlc,?claf gg{ébggis%egg ol rrrlweé\lir;[tara]linn{-ﬁen%hg)jfao%tiohdeo%c dteBFetliorrT]ageeg{io% LGS
maximum potential and carrier collection ability, thus minimizing the probability of
photo-generated carriers generated in an inactive imager from migrating to the pixels
of active imagers. Array cameras and imager arrays in accordance with embodiments

of the invention are discussed further below.

1. ARRAY CAMERA ARCHITECTURE

[00122] An array camera architecture that can be used in a variety of array camera
configurations in accordance with embodiments of the invention is illustrated in FIG. 1.
The array camera 100 includes an imager array 110, which is connected to an image
processing pipeline module 120 and to a controller 130.

[00123] The imager array 110 includes an M x N array of individual and independent
focal planes, each of which receives light through a separate lens system. The imager
array can also include other circuitry to control the capture of image data using the
focal planes and one or more sensors to sense physical parameters. The control
circuitry can control imaging and functional parameters such as exposure times, trigger
times, gain, and black level offset. The control circuitry can also control the capture of
image information by controlling read-out direction (e.g. top-to-bottom or bottom-to-
top, and left-to-right or right-to-left]. The control circuitry can also control read-out of

a region of interest, horizontal sub-sampling, vertical sub-sampling, and/or charge-
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array in the region containing the first array is related to the first
capture band, and the thinning depth of the inmager in the array in the
regi on comobannimgsoihe second array is related to the seeomdSe@piosdad band.
[0071] I n anot her additional. enbodinent, the first thinning depth is
configured so as to position the peak carrier generation within the
phot odi ode' s depl etion region given a nom nal. capture band wavel ength of
450 nnn. [0072]In a still yet further enbodinment, the first thinning depth
is configured so as to position the peak carrier generation within the
phot odiimueys Idephey eorbadeyieots, dhe emrcaitnomedntradipy umegben dameneieesn gody of
550 nnn. [0073]1n still yet another enbodinent, the first thinning depth is
conf i Jueeer sacthfpcabplagsi taPrerateheo pidak Sy pRiZzed i dievimaden arfry can
phot odi qde' s depl etion regi on given a npninal . captur and vel engt h of
a0 nPCCEBG RIS &' R SRR e LHIBUPHERE! UBSER, Oa 0pits Bucels Fogoignate
adj ac | xel s i | f . ne i tur e cond
oy Bk Bl ot lobolating Sfflera RO frais flar &3 e GuPARTn 12
band, cahedr8st e attdrsanaddyiRCoOmBoaRREMseoPaARESIndbhfi®t .arkhaiskioselsin PdThe
first array of adjacent pixels are a first pixel. size, the pixels in the
secondublicatonf Wadj2802H 1p0X elos Vankatarseaandt pilxethe sligadosward of hehifchr &t
pi xel. size is larger than the _ o _
incorporated herein by reference in its entirety. In a monolithic implementation, the
Imager array may be implemented using a monolithic integrated circuit. When an
Imager array in accordance with embodiments of the invention is implemented in a
single self-contained SOC chip or die, the imager array can be referred to as an imager
array. The term imager array can be used to describe a semiconductor chip on which
the imager array and associated control, support, and read-out electronics are
Integrated.
[00124] The image processing pipeline module 120 is hardware, firmware, software,
or a combination thereof for processing the images received from the imager array 110.
The 1mage processing pipeline module 120 typically processes the multiple low
resolution (LR] images captured by the camera array and produces a synthesized higher
resolution image in accordance with an embodiment of the invention. In a number of
embodiments, the image processing pipeline module 120 provides the synthesized
Image data via an output 122. Various image processing pipeline modules that can be
utilized in a camera array In accordance with embodiments of the invention are
disclosed in U.S. Patent Application Serial No. 12/967,807 entitled “System and Methods
for Synthesizing High Resolution Images Using Super-Resolution Processes” filed
December 14, 2010, the disclosure of which is incorporated by reference herein in its
entirety.

[00125] The controller 130 is hardware, software, firmware, or a combination thereof

for controlling various operation parameters of the imager array 110. In many
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WO 2011/ 143501PCT/ US2011/ 036349 second pixel. size and the first capture
band i ncludes | onger wavel engths of |ight than the second capture band.

[ 0075] I n wo=xili435our t her additional. enbodi ment, a firstPcpaskeion3ahot he
control. circuitry is located on one side of a focal. plane and a second
portion of the control. circuitry is |ocated on the opposite side of the
focal. plane. [0076]In still another additional. enbodinent, the first
portion of the control. circuitry is configured to control. the capture of
information by a plurality of pixels in a first focal. plane and in

pl ur alemlyodiepixethe conteolsec d3@ receats impdnaelIobared ad¢raoentthehextarnst
focal. plane. [0077]In a yet further enbodi nent again, the |nager array is
conf i GAFERPNEDLT i vangs | Gpsakien a§:‘9f)@;‘§| £ gedrcAbtee Irtnﬁaelf o%tfaw Ji0anekheof

the ima arr, and each  of the p of foca S is Ioca
wi thi £050 élgrdﬁﬁ.%nt o5 FRRg e roLP AP darPed NERBIG 5 FIBE ‘BPHGIFe 31 ¢ he
lens 3praYist s8iny &AL RAMhdgRsTRPIRY by Ank fabIRISS a}”lfl.ay
g y
[00126] Although a specific array camera architecture is illustrated in FIG. 1,
alternative architectures for capturing a plurality of images of a scene using an imager
array can also be utilized in accordance with embodiments of the invention. Operation
of array cameras, imager array configurations, and processing multiple captured
Images of a scene in accordance with embodiments of the invention are discussed

further below.

2. IMAGER ARRAY ARCHITECTURES

[00127] An imager array in accordance with an embodiment of the invention is
illustrated in FIG. TA. The imager array includes a focal plane array core 152 that
includes an array of focal planes 153 and all analog signal processing, pixel level
control logic, signaling, and analog-to-digital conversion circuitry. The imager array
also includes focal plane timing and control circuitry 154 that is responsible for
controlling the capture of image information using the pixels. In a number of
embodiments, the focal plane timing and control circuitry utilizes reset and read-out
signals to control the integration time of the pixels. In other embodiments, any of a
variety of techniques can be utilized to control integration time of pixels and/or to
capture image information using pixels. In many embodiments, the focal plane timing
and control circuitry 154 provides flexibility of image information capture control, which
enables features including (but not limited to) high dynamic range imaging, high speed
video, and electronic image stabilization. In various embodiments, the imager array
includes power management and bias generation circuitry 156. The power management
and bias generation circuitry 156 provides current and voltage references to analog

circuitry such as the reference voltages against which an ADC would measure the
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[ 0078] Yet anot her enbodi nent again, also includes a cover-glass nounted
above the focal. planes of the inmager array. [0079]1n a further additional.
enbodi renwoagaia3soad] acent focal . planes are separated PETAISI@AOBE3E9
di stance. [0080] I n another additional. enbodi ment again, control. circuitry
Is located within the spacing di stance between adjacent focal. planes.
[0081] I n anot her further enbodi nent, sanpling circuitry is located within
t he spaci ng di stance between adjacent focal. planes. [0082] One enbodi nment
includes a plurality of focal. planes, where each focal. plane

signal to be converted against. In many embodiments, the power management and bias

circuitry also includes logic that turns off the current/voltage references to certain
circuits when they are not in use for power saving reasons. In several embodiments, the
imager array includes dark current and fixed pattern (FPNJ correction circuitry 158 that
Increases the consistency of the black level of the image data captured by the imager
array and can reduce the appearance of row temporal noise and column fixed pattern
noise. In several embodiments, each focal plane includes reference pixels for the
purpose of calibrating the dark current and FPN of the focal plane and the control
circuitry can keep the reference pixels active when the rest of the pixels of the focal
plane are powered down in order to increase the speed with which the imager array can
be powered up by reducing the need for calibration of dark current and FPN. In many
embodiments, the SOC imager includes focal plane framing circuitry 160 that packages
the data captured from the focal planes into a container file and can prepare the
captured image data for transmission. In several embodiments, the focal plane framing
circuitry includes information identifying the focal plane and/or group of pixels from
which the captured image data originated. In a number of embodiments, the imager
array also includes an interface for transmission of captured image data to external
devices. In the illustrated embodiment, the interface is a MIPI CSI 2 output interface
supporting four lanes that can support read-out of video at 30 fps from the imager array
and incorporating data output interface circuitry 162, interface control circuitry 164 and
interface input circuitry 166. Typically, the bandwidth of each lane is optimized for the
total number of pixels in the imager array and the desired frame rate. The use of
various interfaces including the MIPI CSI 2 interface to transmit image data captured by
an array of imagers within an imager array to an external device in accordance with
embodiments of the invention is described in U.S. Provisional Patent Application No.
61/484,920, entitled “Systems and Methods for Transmitting Array Camera Data”, filed

May 11, 2011, the disclosure of which is incorporated by reference herein in its entirety.
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conprises a two dinmensional. arrangenent of pixels having at |east two

pi xel s in each di nension and each focal. plane is contained within a region
of the i msgentiasmy t hat does not contain pixels from arorhmseorfiosahe pl ane,
control. circuitry configured to control. the capture of inage information
by the pixels within the focal. planes, where the control. circuitry is
configured so that the capture of image information by the pixels in at

| east WO 2011/ 143501PCT/ US2011/ 036349 two of the focal. planes is
separately controllable, sanpling circuitry configured to convert pixel.

out putidthionigb spiegificalompaneaits otlabh amager aurbparchitactufeaar discgasetdrapogentfitbgur ed
to transmt pixel. data via an output interface. [0083] A further enbodi nent
of t heeppR@EnRPiFdR- 1hcAadesismesediigénerabelay, BAK PhaearphkoNMaged ar i sars,

t he oyt put interface includes |ess than. M x N out put rts nd the

cont r G CertBUrERyR scEgenge L tanBPRENRlp  Pofed by e Barotco ¢ he
out put s _pf. o] ut._ Lot er,fac I n |

cont rocfapﬂ{:r}er gﬁilﬁagl%fsuﬁ %e%cérg%rpgrti gegtunréﬁ&rsé} c@ﬁsll g{ljg'r]ﬁé’dg ?rgb%%f)?gr cﬁi xii’\nefh

data fanewadiRenbd WiatHd YnwintibAcalAccBl@REE), Yokl plahel lafRnSkefed andvaadi@hl e on
an output port of the output interface to transmt the pixel. data.

[ 0085]compnehid thdtwahhes inebhduedi imeinagetr erayeninradcordd meeuvith yemisodiieehtgof ed
to insert

the invention are discussed further below.

3. FOCAL PLANE ARRAY CORES

[00128] Focal plan array cores in accordance with embodiments of the invention
include an array of imagers and dedicated peripheral circuitry for capturing image data
using the pixels in each focal plane. Imager arrays in accordance with embodiments of
the invention can include focal plan array cores that are configured in any of a variety of
different configurations appropriate to a specific application. For example,
customizations can be made to a specific imager array designs including (but not
limited to] with respect to the focal plane, the pixels, and the dedicated peripheral
circuitry. Various focal plane, pixel designs, and peripheral circuitry that can be
incorporated into focal plane array cores in accordance with embodiments of the

invention are discussed below.

3.1. Formation of Focal Planes on an Imager Array

[00129] An imager array can be constructed in which the focal planes are formed
from an array of pixel elements, where each focal plane is a sub-array of pixels. In
embodiments where each sub-array has the same number of pixels, the imager array
includes a total of K x L pixel elements, which are segmented in M x N sub-arrays of X x
Y pixels, such that K=M x X, and L = N x Y. In the context of an imager array, each sub-

array or focal plane can be used to generate a separate image of the scene. Each sub-
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codes between the pixel. data transmtted via the output interface, where
the codes provide information identifying a focal. plane. [0086]1n stil
anot her ewbadiwvmesiol the control. circuitry is configure@Craseogmsd4scodes
between the pixel. data transmitted via the output interface, where the
codes provide information identifying at |east one row of pixels within a
focal. plane. [0087]In a yet further enbodinent, the control. circuitry is
configured to insert codes between the pixel. data transmtted via the
output interface, where the codes provide information identifying at |east
one carmayofgfixgls pedbedes the sarae fonalon g teaqix¢l688]convedioraonhger (i.e. the
enbodi nent, the control. circuitry is configured to insert codes between
the pilRéper gud samesn it peydes a site fegadptandalt erf ace, where the codes

o 0L oA YL 5 S L el el copipr

L dent il D iehes Tof! Bl YReRtight cdd ri";'f’clazietapesir'i)él)ée!:ontfjt?lrléar Gt ng?'separately
sequence and control each focal plane. Having a common controller and I/0 circuitry
can provide important system advantages including lowering the cost of the system due
to the use of less silicon area, decreasing power consumption due to resource sharing
and reduced system interconnects, simpler system integration due to the host system
only communicating with a single controller rather than M x N controllers and read-out
I/O paths, simpler array synchronization due to the use of a common controller, and

improved system reliability due to the reduction in the number of interconnects.

3.2. Layout of Imagers

[00131] As is disclosed in P.C.T. Publication WO 2009/151903 (incorporated by
reference above), an imager array can include any N x M array of focal planes such as
the imager array (200) illustrated in FIG. 2A. Each of the focal planes typically has an
associated filter and/or optical elements and can image different wavelengths of light.
In a number of embodiments, the imager array includes focal planes that sense red
light (R], focal planes that sense green light (G), and focal planes that sense blue light
(B). Although in several embodiments, one or more of the focal planes include pixels
that are configured to capture different colors of light. In a number of embodiments,
the pixels employ a Bayer filter pattern (or similar) pattern that enables different pixels
within a focal plane to capture different colors of light. In several embodiments, a 2 x 2
imager array can include a focal plane where the pixels employ a Bayer filter pattern (or
similar), a focal plane where the pixels are configured to capture blue light, a focal
plane where the image is configured to capture green light, and a focal plane where the
imager Is configured to capture red light. Array cameras incorporating such sensor

arrays can utilize the color information captured by the blue, green, and red focal
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[ 0090] I n anot her enbodi nent again, the codes provide information
identifying the relative end tinme of the pixel. data capture. WO
2011/ 143500RCT/14sd011/ 036349 [0091] I n a further additi oralr/useshosisaent, the
control. circuitry further conprises a counter and the codes that provide
information identifying the relative tinme of pixel. data capture are
generated using the counter. [0092]In another additional. enbodinent, the
control. circuitry is configured to insert codes between the pixel. data
transmtted via the output interface, where the codes provide information
concemtamgs Epertatnicaghpantrstdrtbe omagheaptegdrusang dye fdcadpBinenthat stmidlbysyet
further enbodinent, the codes provide the integration tine of
the Bayer filter. In other embodiments, the focal plane that employs the Bayer pattern
Is incorporated into an imager array that includes a two dimensional arrangement of
focal planes where there are at least three focal planes in one of the dimensions. In a
number of embodiments, there are at least three focal planes in both dimensions.
[00132] The human eye is more sensitive to green light than to red and blue light,
therefore, an increase in the resolution of an image synthesized from the low resolution
Image data captured by an imager array can be achieved using an array that includes
more focal planes that sense green light than focal planes that sense red or blue light.
A5 x 5 imager array (210) including 17 focal planes that sense green light (G), four focal
planes that sense red light (R], and four focal planes that sense blue light (B) is
illustrated in FIG. 2B. In several embodiments, the imager array also includes focal
planes that sense near-IR wavelengths or extended-color wavelengths (i.e. spanning
both color and near-IR wavelengths), which can be used to improve the performance of
the array camera in low light conditions. In other embodiments, the 5 x 5 imager array
includes at least 13 focal planes, at least 15 focal planes or at least 17 focal planes. In
addition, the 5 x 5 imager array can include at least four focal planes that sense red
light, and/or at least four focal planes that sense blue light. In addition, the number of
focal planes that sense red light and the number of focal planes that sense blue light
can be the same, but need not be the same. Indeed, several imager arrays in
accordance with embodiments of the invention include different numbers of focal
planes that sense red light and that sense blue light. In many embodiments, other
arrays are utilized including (but not limited to) 3 x 2 arrays, 3 x 3 arrays, 3 x 4 arrays, 4
x 4 arrays, 4 x 5 arrays, 4 x 6 arrays, b x 5 arrays, 5 x 6 arrays, 6 x 6 arrays, and 3 x7
arrays. In a number of embodiments, the imager array includes a two dimensional

array of focal planes having at least three focal planes in one of the dimensions. In

several embodiments, there are at least three focal plane in both dimensions of the
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each focal. plane. [0094]In still yet another enbodi nent, the codes provide
the gain of each focal. plane. [0095]1n a still further enbodi nent agai n,

t he out puwointigBmee circuitry is configured to insert a&cinsowijobaaki ng

i nterval . between transm ssion of pixel. data via the output interface.

[0096] I n still another enbodi nent again, the output interface circuitry is
further configured to insert a line blanking interval. between transm ssion
of lines of pixel. data via the output interface. [0097]In a still further

addi tional . enbodi nent, the output interface circuitry is configured to
t r ansfaoram. t e spivaell .erdbodnintpettfeoamapgnbliudes eduleasbigo focal planes having

pixels configured to capture blue light, at least two focal planes having pixels
configured to capture green light, and at least two focal planes having pixels configured
to capture red light.

[00133] Additional imager array configurations are disclosed in U.S. Patent
Application Serial No. 12/952,106 entitled “Capturing and Process of Images Using
Monolithic Camera Array with Heterogenous Imagers” to Venkataraman et al., the
disclosure of which is incorporated by reference herein in its entirety.

[00134] Although specific imager array configurations are disclosed above, any of a
variety of regular or irregular layouts of imagers including imagers that sense visible
light, portions of the visible light spectrum, near-IR light, other portions of the spectrum
and/or combinations of different portions of the spectrum can be utilized to capture
Images that provide one or more channels of information for use in SR processes in
accordance with embodiments of the invention. The construction of the pixels of an
Imager in an imager array In accordance with an embodiment of the invention can
depend upon the specific portions of the spectrum imaged by the imager. Different
types of pixels that can be used in the focal planes of an imager array in accordance

with embodiments of the invention are discussed below.

3.3. Pixel Design

[00135] Within an imager array that is designed for color or multi-spectral capture,
each individual focal plane can be designated to capture a sub-band of the visible
spectrum. Each focal plane can be optimized in various ways in accordance with
embodiments of the invention based on the spectral band it is designated to capture.
These optimizations are difficult to perform in a legacy Bayer pattern based image
sensor since the pixels capturing their respective sub-band of the visible spectrum are
all interleaved within the same pixel array. In many embodiments of the invention,

backside illumination is used where the imager array is thinned to different depths
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[ 0098] An enbodi ment of the nmethod of the invention includes separately
capturing pixel. data using an inmager array having a plurality of focal.

pl anes, wweneiliemsivif ocal . pl ane conprises a two di mensi enalus2@nnassgenent of
pi xel s having at |east two pixels in each dinension and each focal. plane
is contained within a region of the inmager array that does not contain

pi xel s from anot her focal. plane, during the capture of the pixel. data,
buffering portions of the captured pixel. data within nmenory in the inmger
array, and transmtting the buffered pixel. data via an output interface in
t he i niggendiagr aponhéme aaptues- Haotd iof avapdalnd efooal gramait pdh ponumb@® of
2011/ 143501PCT/ US2011/ 036349 [ 0099] A further enbodi ment of the invention

al so iefebefeentsithe sesatof Hhe Pplscinithe ymaaet peray ghag detesmingd baseheren theodes
bet ween EHh;e lgai|xcﬁl dat a t.g.ansrri ttedI via the o%t ut interface, where the
codes BPBUESRATHPHINACPEH!F dEIRG yi g Y ef FcMPopIariys: [l £8DYeTAIS ARIPS:

enbodigpte PJ[%OT\NFEQ‘ B%A?P{f,”érioofhlﬁb\n%ﬂ éﬁg)%lcﬁﬁegs%firg)lrﬁ%sgpg[ﬁaiﬁﬁg'Wi%ihcarz%fayipgﬁhe%ge

i mager "array to insert’ codes between ti i _ ransmtte

out putark Me@éfiiged baReH &ipohethe ad@surid BaHdsf tHY gikamt | Pk Lseatd hwsloeh ahidieast
one row of pixels within a focal. plane. [00101] A still further enbodi nent
of t heitetyentivany detweeémdédeadgdansd imganantagel .arcay depéndingmupobhethenegearear r ay
to insert codes between the pixel. data transmtted via the out put

i nt er foacd of Whe peet pee disdessegrfovinge biekMor mati on i dentifying at | east one of
at | east one colum of pixels within a focal. plane, the relative tinme of
pi xel . ta capture, the relative start tine. of the. pixel, data capture,
Pho r ot Geckee firnaied fain sy b 2oTech 1noa Rty at s on L1 e of
each f 1 P oy - ' f. - I I 0 idi ot her
enbodi[grgf\:%é’]of Atq Eagd'F?\]sge{n'H]ag]negg%r{s%’g?i '%?1?‘?1@éiaq§§if%°grﬂé g%? Foor{t. Sq%?r%‘]chtﬁ% rp;b 06(%{]1 he

| Magermadt AvstiPald1Sirbudgh bl BRILARKIAE IbBESEVRhall §Fr‘{‘ﬁﬁ(ﬁ7; dirpspRslRag, of
buffered pixel. data via the output interface. [00103] yet further

enbodiwraol liek dthheibvvient iobnhaldsdedtnel stdels inshagilicontgublstracs.r Thetdigleotrid he
imager array to insert a franme blanking interval. upon conpletion of the
t r ansitasd existst tor eppapmetetl index@innedtst within the device. Front side illumination

suffers from intrinsically poor Quantum Efficiency (QE) performance (the ratio of
generated carriers to incident photons]), due to problems such as the light being
blocked by metal structures within the pixel. Improvement is typically achieved through
the deposition of micro-lens elements on top of the dielectric stack for each pixel so as
to focus the incoming light in a cone that attempts to avoid the metal structures within
the pixel.

[00137] Backside illumination is a technique employed in image sensor fabrication so
as to improve the QE performance of imagers. In backside illumination (BSI), the silicon
substrate bulk is thinned (usually with a chemical etch process] to allow photons to
reach the depletion region of the photodiode through the backside of the silicon
substrate. When light is incident on the backside of the substrate, the problem of
aperturing by metal structures inherent in frontside illumination is avoided. However,
the absorption depth of light in silicon is proportional to the wavelength such that the
red photons penetrate much deeper than blue photons. If the thinning process does not

remove sufficient silicon, the depletion region will be too deep to collect photo electrons
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BRI EF DESCRI PTI ON OF THE DRAW NGS [00104] FIG 1 is a block diagram of an
array canera in accordance with an enbodi nent of the invention. [00105]

FI G 1A iwoaotlwasio1idi agram of a nonolithic inager arrayPCh/isecions@ace Wt h
an enbodi rent of the invention. [00106] FIGS. 2A - 2B illustrate inmager
configurations of inmager arrays in accordance with enbodi nents of the

I nvention. WO 2011/ 143501PCT/ US2011/ 036349 [00107] FIG 3 illustrates an
architecture of an inmager array in accordance with an enbodi nent of the
invention. [00108] FIG 4 illustrates another architecture of an imager

ar r ay denefatdd ﬁgomhlahueoblmtalh@g It thadilghb@l. procrye reroses moammfdai’nkcenvwheh an
enbodi nent of the invention,. 0109] FIG 4Aillustrates a furt

ar chi 1eetaliod Hiemcahgéeo shal iﬁwuaﬁéwe& teyeanay teayelfirataht éhﬁ’“&?ﬂ“ WHhout

sccor dance b 2n.cThedh entof the Loveall o, LOIOL £1G (4B L et at s

Cireuid s B RERYAAREHY &vnhQHcm%dM@%s 5 e I BUENLERL and destructive
interference due to minor differences in the thickness of the device. The effects caused
by variations in the thickness of the device can be evident as fringing patterns and/or as
spiky spectral QE response.
[00138] In a conventional imager, a mosaic of color filters (typically a Bayer filter] is
often used to provide RGB color capture. When a mosaic based color imager is thinned
for BSI, the thinning depth is typically the same for all pixels since the processes used
do not thin individual pixels to different depths. The common thinning depth of the
pixels results in a necessary balancing of QE performance between blue wavelengths
and red/near-IR wavelengths. An imager array in accordance with embodiments of the
invention includes an array of imagers, where each pixel in a focal plane senses the
same spectral wavelengths. Different focal planes can sense different sub-bands of the
visible spectrum or indeed any sub-band of the electromagnetic spectrum for which the
band-gap energy of silicon has a quantum yield gain greater than 0. Therefore,
performance of an imager array can be improved by using BSI where the thinning depth
for the pixels of a focal plane is chosen to match optimally the absorption depth
corresponding to the wavelengths of light each pixel is designed to capture. In a
number of embodiments, the silicon bulk material of the imager array is thinned to
different thicknesses to match the absorption depth of each camera’s capture band
within the depletion region of the photodiode so as to maximize the QE.
[00139] Animager array in which the silicon substrate is thinned to different depths in
regions corresponding to focal planes [i.e. sub-arrays) that sense different spectral
bandwidths in accordance with an embodiment of the invention i1s conceptually

illustrated in FIG. 5. The imager array 500 includes a silicon substrate 502 on the front
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[00111] FIG 4C illustrates the phase shifting of colum circuit outputs
fromtw focal. planes read-out in accordance wth an enbodi nent of the
i nventi orwoO[2001#2j01FI G 4D illustrates a pair of focal. pplraises iose3an i nager
array havi ng dedi cated analog front end circuitry and sharing an analog to
digital. converter in accordance wth an enbodi nent of the invention.
[00113] FIG 4E illustrates a group of four focal. planes in an inager
array where pairs of focal. planes share analog front end circuitry and the
group of four focal. planes share an analog to digital. converter in
accor darcef whikhaa detesttioetsclofandhemetaly evier@mnef B0 504]arkl @rrddd.i | Inudte at es
a palr of focal. planes within an inager array where thg gair of  focal

d

pl anedllessatedcenbadimeesit ik SIllﬁeacﬁ%ﬁtraéwwpdﬁ/ regione cffdah@ed Wl irhwmh'
enbodi telnv tion FIG, 4G illustrat foc
ol aned ePDAK! ‘Hﬁ’dfé‘?q 59%' PR RIABESY T bRk I ST g et BES
circui i¢ n a
ST EC i e e e et
from apsRLER r@fd‘c@@?laneﬁbﬁ@@n'},lﬂga@&@l@ﬂ@%e‘&hb&y%me %ﬁé@é’(ﬂ MERE baEKdiBE of the
I nvention. TO0116]FIG 4H is bl ock diagramillustrating focal. plane
tim ngilaooth sobstrate. icithiouetryy diffexendrddatiee imv ddehanegobodimeht dtistrhged
i nvention. [00117] FIG 5 illustrates a backside illum nated i nager array
wi t h epebodineat .t thiermibstrate pt Henned breordapew 4 the absospberideptit obéod hen
11/ 14 1P 4
| nventv:/ac\)/glengvpllgg iLl/.e. a%?)?oxw%-g/téfs%oﬁlpm %g?’;hg region 506 in which the photodiodes
of pixels forming an imager for sensing blue light are located, the substrate is thinned
to correspond to the absorption depth of 550 nm wavelength light (i.e. approximately 1.5
um) in the region 508 in which the photodiodes of pixels forming an imager for sensing
green light are located, and the substrate is thinned to correspond to the absorption
depth of 640 nm wavelength light (i.e. approximately 3.0 um] in the region 510 in which
the photodiodes of pixels forming an imager for sensing red light are located. Although
specific depths are shown in FIG. 5, other depths appropriate to the spectral
wavelengths sensed by a specific imager and the requirements of the application can be
utilized in accordance with embodiments of the invention. In addition, different thinning
depths can also be used in array cameras that are not implemented using imager
arrays in accordance with embodiments of the invention.
[00140] In many embodiments, the designation of color channels to each imager
within the array is achieved via a first filtration of the incoming photons through a band-
pass filter within the optical path of the photons to the photodiodes. In several

embodiments, the thinning depth itself is used to create the designation of capture

wavelengths since the depletion region depth defines the spectral QE of each imager.

3.3.2. Optimization of pixel size
[00141] Additional SNR benefits can be achieved by changing the pixel sizes used in

the imagers designated to capture each sub-band of the spectrum. As pixel sizes
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DETAI LED DI SCLOSURE OF THE | NVENTI ON [ 00118] Turning now to the draw ngs,
architectures for inmager arrays configured for use in array caneras in
accor dancwowntihi4gsebodi nents of the invention are ill ust praras2oiin3ésany
enbodi nents, a centralized controller on an imager array enables fine
control. of the capture tinme of each focal. plane in the array. The term
focal. plane describes a two dinensional. arrangenent of pixels. Focal.

pl anes in an inmager array are typically non-overlapping (i.e. each focal.
plane is located within a separate region on the inmager array). The term

i magershrmkusied etfecioles Qi dfethehm xeloddineaseoninok thefratial of handiodadiephetion
control. circuitry that controls the capture of inage information using the
pi xel segiopharea e PIXRd aAreapflerieasen Miupksapenfarentyptieliised thatieserd to

pl anes of the, i roaryf an be separately triggered..In several.

b odicRBIES St BT BisAnd DEUFBEOBE THE IRGLAntaT S ARG s E e Aither

| Nt eqr iAok 4Bl BUBFAINES bl BB PLYERUPRYT Ok FoRiiNEleS Ml LRI eAEh
focal ." pl ane. € capture ban a pixel. typicalTy refers to a contiguous
sub- bap@nebt tdensinehhr orBgRRNCE SY phety-beiwhit& Fe@dRiutetircdif $88Sir indSay I N
addition, the specialization of specific focal. planes so that all or a

maj or ienybaxfimiehes, pihxepigel trahbferf gatal soptcenloance drhplit@merataptar enbardet

enabl es a nunber of pixel. performance inprovenents and i ncreases in the
ef fi citeangjstors arelalsatmnate smalkari phRer lieseclrareibtory neidthe rintHiee.i mgerous r ay .

[ 00119] #n a nunber of enbogil rre&%iqs t he ?i xels of the i.mager array are
backsiPEETa MANE PR A eli{g arR&le d typical r?ﬁélt'F‘%ri‘ BRASEIBHEEPRi ng each of
the f pl anes . are thi nned.tpo different depths. dependjn on the.

spect 100 4 BRER RS L B §Reatlicer s 7 Tl T SE R REE el
addi tig@aeinlghe P 'xﬁa&éﬁgg@tﬁ't §ﬁ§to§%ﬂ1pl%ﬁe%9é fde%%e?Oidt&p{rﬁv%ubgﬁa%rﬁé%@”ce

of the pixéls wth resp speci fic capture bands. many enbodi nent s,

t he comeeasimywihithe sifwhae dredleoyehar@i darfiad. THeée VWRhdgeCapaiers wabtet e
pixels in each focal. plane are determned to inprove the performance of

t he piaxgirsewhathranglopetashian béfere repatading asdot ledidramdsphtodbzi@]depthetion
several . enbodi nents, each focal. plane possesses dedicated peripheral,

ci rcui"eBipnt oThigntaisie” pharehamleresyifageaagd qoblestemtngigasen ased fangiion of
enbodi nent t he 011/ 143501PCT/ US2011/ 0363 roupi ng of pixels.

"t endBaer ittt le THHS taa AR A BT EXERESORS (oot e inaUTDRARY Buels
perip - I fecui t a et I Lents,
Phe SgF aired ofEhaHe] P e T RE Bt clE BLife O o DB aC P

and consd@htio® TFEHEFEF Fuldt nSIMITE dvieineeess dihplotorvhiél@ngp or nore focal .
pl anes. [00121] In many enbodi nents, the inmagers in an inager array can be
pl aced00 ™A | baegerpowesigghtdd too cphser Uengeaneravelbngthsc aanbehereédng .bd n
operating nodes that do not require all imgers to be used to generate the
out putoptiftiged (@ IgprovenwesterasoNbthiyoncranseng tha pixebsgeaind twsoacraasing thene

pi xel f_imgers in th w power state are held with the transfer_gate on
S0 asqugohH?% aeh gt'_ﬂ%e i tgmp&d@s 8 fHBpi R Péwcr%@%%wayelfpgth«réﬁ? ﬁaﬁﬁf-f'tg?% _

ot ot e Bk o} eI B A il Ly h MMM ™ A 8-S RIPARR, 1LY
of photo-genérated carriers generated Tn an 1"nactive inmager fromnigrating

to t he)RFxEls§s@n 6L \VEoh BIEIHs KE FRYinEAREd %i%nﬁlciré‘?&% tRE TAYS dife for
accordance with enbodi nents of the invention are discussed further bel ow.

1. ARREYGCANERA ARBID JEGEUREIn DbV 20 E AmdatHiay ingioRe athar eeirb @ cdydteamt 3R, can
be used 1n a variety of array canmera configurations in accordance with
enbodiAttmughof rhéiry embedtrnemtsi snagdrnmtrapd edadaerédi@e with EBmebedimeyptsahrea 100
i ncludes an imager array 110, which is connected to an_ i nmage processin

pi pel imenreawtdizexs analltrixels @srtanobe erantdectured. Accordingly, increasing pixe

size In the manner outlined above is simply one technique that can be utilized to
Improve camera performance and the specific pixel size chosen typically depends upon

the specific application.
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[00123] The inmager array 110 includes an Mx N array of individual. and

i ndependent focal. planes, each of which receives light through a separate
| ens systwo2ofling3jomager array can al so i nclude ot her ci Pcmiuseyitwsssgontrol .
the capture of image data using the focal. planes and one or nore sensors
to sense physical. paranmeters. The control. circuitry can control. inmaging
and functional. paraneters such as exposure tinmes, trigger times, gain, and
bl ack | evel offset. The control. circuitry can also control. the capture of
i mge information by controlling read-out direction (e.g. top-to-bottom or
bot t on? 8.6t bpageamapiineietiom-ri ght or right-to-left). The control. circuitry
can al so cantrol. read-out of a region of interest, horizontal. .

sub- saRB144lg, TRePupkdPr saimlesafsl mglleamiveds herangeuraged pixel designers to

2011/ 143501PCT/ US2011/ 036349 hinning. I n many .enbodi.nents, the cirguitry
or  coRta N Eg MRt g Upa S hEr Shikis <Br G b TaBa hei b oottt ol y
or in h I r i c i.n Le

ot her. “R3ERE. 5 Yot b TP BhotqdFuos RS o el el st ettt
cur r enfiff@diof hRPER@tdoNBcd eSMENEL BRbLifleNBg8H sidtoray swhiat theafbubepidbls! hzed in
array caneras in accordance with enbodi nents of the invention are disclosed
i n PCBhrRufijedaata BayeNpa2oa/atbrB@dnd e, Wendgatpraioanpetlsadaverd tree fdillsasibkur e
of which is incorporated herein by reference inits entirety. In a

monol isPREEUNMNIfeprnitiBe-i o iNrAger nargays an rasconegndse Withpl iegngsiafgthe

nmonoli.thic integrated circuit. Wen an i hager array. in qgcord nce with
enbodi MEREONANFIFe ShFRFENRI¥ BN STTYCIUTRE c@Bnbe@dppted W Rjlos 198l Reréymandredl soc

chip or_die t?e i er .arr can he referred t s, an mger_array. The
Cor m Phsdein g fSi B 48 A 8o Cerdled BoBUL Bt MednuiR BPEE i G et ne

I Mgershard Y% gﬂQe@S@]%‘t?'t?aR/@ddiﬁQF@ﬁtO&a tuSHBBRAL Jin AN JRAERUoIS REEF ORfGS are
i nt egrat ed. ﬁ 0124] The 1 mage proceéglng pi pel i ne nodul e 120 i s hardware,
firmviaged Siphdguarsens@ raesiyThhaathonsdrherteehniqoes plopcedsieviggt herformgese
received fromthe imager array 110. The i mage processing pipeline nodul e
120 t ymipcatdrgemisaredg@saliheonightibhd.e Thewnpesemarntod ti¢ Rerfonmgese ohpixeted by
the canera array and produces a synthesized higher resolution imge in

accor darc &6al thang bynsriasthef gonversiamgait i onreg folbowemnsain aindefbayatent s,
t he i mage .prpcessin i peline dul e, 1,20 provi.des the nt hesj,zed i e
e RRsaR BRSPS BhB ap s Tbant 5t e oBisly i st age  HEld ARG AR .o,
be utiji <N : - i ord M i:

vent SRS R IPARLE IS B AR IAN RS RO B Bl e bRl 907
ent | ol b3y AiEae daltidRdive elin SY)IAESLE bAGyHh O/hiFepRlbol digiteldmagsy L1 ng
Super - Resol uti on Processes” filed Déecenber 14, 2010, the disclosure of

whi ch dcsotrdatae potrat @t obyn et ef ene eviatienn in its entirety. [00125] The
controller 130 is hardware, software, firmmvare, or a conbi nati on thereof

for controlling various operation paranmeters of the imager array 110.1n
nmany WS-3d110ptazetieCyf c8PEIT003IEBA9 enbodi nents, the control ler 130

e B SRR ot e 5 B5R8LoSSROE FI o
o 20 S TLIITE LR AR 1R 8106°35 B8 AUBSLATS, RS, 1 e

Al t hougife @neRBRAVdrsforAgdiRY tSBsTRUFoAREH LEEh&IbRTdrant Ldptatd BhREs.I CoRl&sich
alternative architectures for capturing a plurality of inages of a scene

usi ng gaim imageicaAkTadMO8piadlsanke adnttdlzeithyi chaagoay thargie: vi the capbodament s
of the invention. Operation of array caneras, Lnager array configurations,
and probdeessensenmodd phypicipt afledtingmiiféssion capactondFDh dbeshdage to whltdge
enbodi nent s . of ﬁhe iﬂvention %rS €i?$”S%Fd urt her bel ow.

fo =Q/ ere

conversion follows the equation W Is the charge, C is the capacitance and V
Is the voltage. Thus the smaller the capacitance, the higher the voltage resulting from a

given charge hence the higher the charge-to-voltage conversion gain of the pixel. The

conversion gain cannot obviously be increased infinitely however. The apparent full well
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2. | MAGER ARRAY ARCHI TECTURES [00127] An inmager array in accordance with an

enbodi nent of the invention is illustrated in FIG 1A The inmager array
i ncl udes woforal4350pl ane array core 152 that includes anparnagoiofidecal
pl anes 153 and all anal og signal. processing, pixel. |evel control. |ogic,

signaling, and analog-to-digital. conversion circuitry. The inmager array
al so includes focal. plane timng and control. circuitry 154 that is
responsi ble for controlling the capture of inage information using the

pi xel s. In a nunber of enbodi nents, the focal. plane timng and control.
crrcumeythDfHzepmeehennhﬂdofehdkea@cbmgaahe mxekmmmraﬂonﬂhheldaUEgsanon
tinme of the pixels. In other enbodi nents, _any of a variety of techniques
can béh etcapa@&ﬁqeoofcteﬁtFr%rbeceweég}paﬁrr@rlt|T h’é igfbgsiaxer sha e dronsofreapt

TR ke B et PP Bhd D d sy o Pt e R P ey 20l OR iRk PhRB et i on
CaPL UYE G001 Pl -oto IR RABhESLEHE RSENE AL GO B bLmided e

hi gh dynam ¢ range" i magi ng, spee el'ectronrc 1nmag
st abi lhet@béPthe PP a\ﬁarth@trr@]ermeelrfrfﬁetce adifhceBI9RE FAIE Ao gﬁeluuqebsp&emér
managenent and bi as generation crrcurPry 156. The power managenent and bi as
gener a&gudibraim cuma riye Tbéchprdobiettes elture"lecrtlroramdhavel hexge tragkésread esitt o #real og
circuitry such as the reference vol tages agai nst which an ADC woul d neasure
t he WphRoudipdet3501PCT/ US2011/ 036349 signal . to be converted against. In
many enbodi nents, the power managenent and bias circuitry al so includes

ns of f the cur t/voltage references to certain circuits

kﬁghc Hggb b@'ﬁﬂfaqu?ﬁﬁ?UFS? 9UV%ing reasons. In several. enbodinents,
the | :T?@‘Fﬁ ? |t|ng &?&rrﬁé’\&{%&&l% e b r?th I\)éﬁ%y%%%h@gglggFever&q%ﬁ tliéé on

circu creases consrs ency
i mge o@'%hé é?ﬁﬂ‘iﬁ’ér%ané’a&hﬁrxbthn ar fol¥l ?%ecaﬂ‘hé eeuafidrhe aﬂr@pd%ar@rrmemof
row tenporal . noise and colum fixed pattern noise. |n several

enbodi0Os sixelaehcdretalctedlfeome 4 BelbceSollefer ernaiqibkel Thef SburtdeeFtﬁlva@rSe of
calibrating the dark current and FPN of the focal. plane and the control.

ci r cuittansigan akwdpiesHbervslitegeraseoss el EDaast aw &o vihiga tha@irelsignsl doen thexel S

f h pl dd d h d h
Ohi e eoliimningp s r%@n&e‘éﬁ’%@?m"?“ e Qng‘r’wéyles%ﬁr‘éehﬁéwrt oAb, oot !
lib i dar k t
ORGP 7 IR I ) VA S e s ) S S R
from tfeg o ehower% |fferf'ts°gé?}nF9£H Bler’t%htrfo'll'eﬁoﬁﬂﬂnei%rf%ra%ﬂrb‘gc rflh% ?rfgg Hy ed

i mage data or transm ssion: |In several the f

fram ng Tp@érftcdddirﬁ%’ldv@(?s] ugen ithé PHERIphfodigkNs ifdLy wedl &:rrecftsaccmlele@tlraﬁe] a'mﬂ/ or
group of pixels fromwhich the captured i nage data originated. In a nunber
of enfibeicapatimnceiud therkfer rangaypf adlsagdsnmileuadsbleaheidriteht aggutfodithe Source
transm ssion of captured inmage data to external. devices. In the

i | 1 usthollower dranseataehy the Flafipnerp Yie= Veste Mrvhess Vistasthritesesveltage ef

mmgor NS P Ak FREGIAAE e G ot B Ailae FREOR hehlgaioBg an & 1€

|nterf t ry 164 and interface input circuitry 166.
Typrca ﬁi,&%%Chghﬁ%§j{ ﬂh%f each lane is optimzed for the total. nunber of

pi xel 00 48I1NeThaBE B0 del aaPFﬂmTeH%tFl?c%FeeQuéH &R thatr8ngd b cH§r€§e0ﬂ°ha‘t’f?qﬁé>DUS
interfaces including the MPI CSI 2 interface to transmt inmage d

capt urbedadyunamaddd aybefwdemgesisctworidiand aheifotlgeell avapayity.o TaEr@‘mt@r\mah .
device in accordance with enbodi ments of the invention is described in U S
Provi givemafull melesapapiy vt g momﬁ.loc&uamszra apEn eapaditande" dytiteed and a

Met hods for Transm tting. Arra Caner a %rled May 11, 2011, the

di scl Sgred Ut S EN?SSWiRgoRfBieat Rt c ool er%rr ¢ %@pﬁeraé.%m AT i eeaern?rrtrreey WO
2011/ 1435 /USZO 036349 Al t hough, spe conponents of an i mager
array 9&”&:& ggtsﬂrjfacear QOWFE&?Q&&%O %%n ge% feﬁ Ogspect to FIG 1A As is

di scussed further bel ow, any of a variety of imager arrays can be
constructed in accordance with enbodi ments of the invention that enable the
capture of inmages of a scene at a plurality of focal. planes in accordance
wi th enbodi nents of the invention. Accordingly, focal. plane array cores
and various conponents that can be included in inmager arrays in accordance
wi th enbodi nents of the invention aresgrscussed further below 3. FOCAL
PLANE ARRAY CORES [00128] Focal . plan“array cores in accordance with

enbodi nents of the invention include an array of inmagers and dedi cat ed
peripheral. circuitry for capturing i mage data using the pixels in each
focal. plane. Imager arrays in accordance with enbodi nents of the invention
can incl ude focal plan array cores that are confrgured |n any of a varrety
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[00129] An inmager array can be constructed in which the focal. planes are
formed froman array of pixel. elenents, where each focal. plane is a
sub- ar r aywof2opiyssos. | n enbodi nents where each sub- arr apcmas2athescane
nunber of pixels, the imager array includes a total. of K x L pixel.

el ements, which are segnented in Mx N sub-arrays of X x Y pixels, such
that K= Mx X, and L = Nx Y. In the context of an inager array, each
sub-array or focal. plane can be used to generate a separate inmage of the
scene. Each sub- WO 2011/ 143501PCT/ US2011/ 036349 array of pixels provides
the san®3Bufptinoretas ¢fffellpveletapasitya conventional . imager (i.e. the inmager
in a ianer that includes a single focal. plane). [00130] As is discussed
f urt hePObellowAnather mgerlzetr%thar ﬁaaé@ow%ré@rdee@ﬁ Wre%*o@hﬁewg the fulfavell

cont 1 GPESRRER HEsapotsgiaske: 1, FIL e ifnsin cbibe oreBRTad® the BINETRRY
can proyids 4rmoct ant tﬁ%’ﬁbgt@d?oq{‘éaégna&%% LU i GBI OO e

systentdue to the use of "l'ess silicon area creasing power consunptl

due t QudlESPIC BixataEdMYe alvdtiotldd o eI iynéigE GPRRE Ghdtodid A ItRE cﬁ)}bﬁ{gem
integration due to the host systemonly conmunicating with a single

cont r déveds of abdemptdras thhixfoNnc thid dldeestsucnck aaddheuwblibiO usatits, resetitieer
array synchroni zation due to the use of a common controller, and inproved
systemXal jability due to the reduction in the nunmber of |nterconnects

3. 2. Layout of Inagers [00131] As is disclosed in P.C.T. Publication WO

2009/ Elncor ted ference above), an inmger array can include
any N aF 55F e f% STOPEXaﬁg?nsuch as the imager array (200) illustrated
in Fl E f

7 o, SRR B ESS B DA R LA

nunberthgtf c:?rmBQQUH'@(ﬂ‘tir$ or@rﬂetd BB ur@rﬁﬁs'mmrH%e%cgpﬁﬁéne rnh'a@fh%%e ttﬁéltsaﬁ?éqse
red light (R), focal. planes that sense green light (G, and focal. planes

t hat sepagebbarel torgrmhpr(oB)ad iNdghty pbrfionmaever afhe eptiodi vehition frealdrthrey e of
the focal. planes include pixels that are configured to capture different
col or pacdmieigyistis depeadanirierthef tasgtiedi beiraveor othe pairiieller dapdloylane Balyash
fllter ttern (or simlar) pattern that enabl es_different prxel thin a
focal O‘ﬁﬁaﬁté”% 6B A5t @lered 1)t<r dheapeesrlobn bt 'P.cgﬁtlgurerri KeGRptyre %ﬁ% heent s,
X array can,incl ude f ocal n t he pixels egp

Bayer Pelderr i Pl EBrog RRSFs® L FRen FrBRanihdre KarbiadectElE °
confi qu il Osr gﬁ% r(Weer‘t h%]s et f(é)(aa ecm ?Q%B}MP@ Sanch?e\}ema%drgztgthe i o

confr ured to c green and a oca ne where the

confi gwr e@ivérﬁer@tarﬁiavrrﬁ)trtﬁdo;bﬂlrﬂat] A ERYMPEITB p B2 LR IBOI A IdGvsSaed sERNSOT
arrays can utilize the color information captured by the blue, green, and
red f@ratessid @013d 148504 BOIplySa(rdy@YESA8rfptmpese bb agmkeneih tregpadltorss of

t he i mage captured using the focal. plane that enploys the Bayer filter. In
ot her sPRPHEiIcTRHIS bande focal . plane that enploys the Bayer pattern is

i ncorporated into an inmager array that includes a two di nensional.

t , | h t | t th f | |
o o o " s it pp e BHato rﬁamw%rrcazrm. ments, there are ai |east
three hefR]. @rvenerﬁF %ﬁgetﬂ tﬂle 81?2rr?f§r]mtgﬂ?c SRR SNy FiftePLIif)s

sensitive to green ue i there ore an i ncr ease
in theokeinhtd v eefimalte ae haﬁgﬁrwmtba$bﬁ@%§trwrm b&1gechevdte @ YRt & PRinirBEE
data captured by an inager array can be achi eved using an array that

i ncl udeegnatien fiocale.g. rﬂUamtsésfot bagrvesenﬁaarrgneespdatrgﬂtradhanef G&@ah .suphbares ot hat
sense red or blue |i i mger array (210) including 17 focal.

pl aneghe ﬁaectgerrmsléotﬁrgwﬂl llkg}mhar/e;)a d'ﬁ@tﬁntffw@aber qflAprisonshaenesairse Freaifull ght

T e,
p ane%gﬂﬁrﬁrﬁ% JRePE VAR RLANGIS Al REL S-SR i Gl GO ol ©

spanni ng and near eng used to I nprove
the pemhbahERAS By MhidHehifEdrd¥t ﬁﬁﬂﬁ/’éﬁ da'ﬁal:r@}"tsl d Py eBiLd bengroddh &{arn%\'n
enbodi nents, the 5 x 5 imager array includes at |east 13 focal pl anes at
| east 15 focal pl anes or at |least 17 focal. planes. In addition, the 5 X 5
i mger array can include at |east four focal. planes that sense red | i ght,
and/ or at |east four focal. planes thg sense blue light. In addition, the
nunber of focal. planes that sense red light and the nunber of focal.

pl anes that sense blue light can be the sanme, but need not be the sane.

| ndeed, several. imager arrays in accordance with enbodi nents of the
invention include different nunbers of focal. planes that sense red |ight
and that ~sense que Irght In many enbodi nents, other arrays are utilized

N 1



WO 2011/ 143501PCT/ US2011/ 036349 array. In several, enbodinents, the array

i ncludes at least two focal. planes having pixels configured to capture

bl ue |ighwoati/i48mst two focal, planes having pixels comrCirgise@d/osa4€apt ure
green light, and at | east two focal, planes having pixels configured to
capture red light. [00133] Additional. imager array configurations are
disclosed in U S. Patent Application Serial. No. 12/952,106 entitled
"Capturing and Process of Inages Using Mnolithic Camera Array with

Het er ogenous | magers” to Venkatarannan et al.., the disclosure of which is
i ncor pbe atedirbgnsieher erarwimetied dopmgi leselsndunmeg diodeOf@bhB43tidd,t drangmgs ffeci fi ¢
i mger array configurations are disclosed above, any of a variety of

regul deseirvaltiageglithe pixalroRit 3 combinmgard tva@ruapifyef thegeParameatersense
visible light, portions of the visible |ight spectrum near-1R |ight, other

portigns of the.s€ect um and/ or _conbi nati ons of different portions of the

spect un1c§%ﬁ53uﬂ PP 8%“?55856Fﬂ}e i mages that provide one or nore

chann i r i fon e p - G da it
channah@i ) | KT <8, (0o i e SRePCARRRER doy M GALIBNEE Uehlon e

i N an nurgaT ofasleahtohd deéieed danke fll tvihelBBpeadiofestep Ofn tolp€in 1 VE@ipakRan &an
depend upon the specific portions of the spectrumimged by the inmager.

Di f f efenttheypestiraf doifuebs ¢adratbecahodsn. usHuk ioptinted tapaditanpe asesnef wanch

i mager array in accordance with enbodi nents of the invention are discussed
bel owmantrinpiaxpteninelsdiffierene Bspupnarhichaege (reagear fapmathet Natsuch thakthfed
for cql or mul ti-spectral ., capture, each individual, focal. plan an be
hosi ol eimac 2B TR Lapstsing f S rraognanlf ALl asunet e eis Bp s R, Do

gidt &8t PREBHUES o _ s _ }
can DERSRNEIALT: 18 HBELO e USIID ARSORIANCEAL D, ETRPIRLPIISCRE e

i nvent1on based on the Sp gnated to capture. “These
opti maahhONSrRkrsidh fddiRUlst akOhiBRN EOTPBdSIbI8. § RIAGNa BRIt PALHRIIN nBRZeH

i mge sensSor since the pixels capturing their respective sub-band of the

Vi Si bimeinspeedrana legreeahk nhadi evune SEUfonichbh rotdre-haanel igirgelizedar ray. | n many
enbodi nents of the invention, backside illumnation is used where the
imager array is thinned to different depths WO 2011/ 143501PCT/ US2011/ 036349
dependi ng dﬁﬁWHVHﬁo@abﬁwﬂﬁeﬁa%@N@Tgﬁnspecific focal. plane.ln a number of

nbodi , Lh i .of th i xels i he | d 1 ned
based B0 nEnEs B PatiBihdubrbehetasif 471 chridireto, vl frdsedRaiarsion gain 1

nbodi - h I I . f j - I | |
capaciirayiipetofhst B e TR A2 ApriERYERrehthe SRt L KPS i b
upon ke reaRtyslia bR thOF D! INPe Pk elthe vIEIe B I1RUSD VBN MikiRg Wi WBIL tRb & £ an

vary between foc pl anes 1 n an i mager array dependi ng upon the capture

band dbad Herqi@Ad). emdldedi theudshitionr bhemn bptiew! gain for the source follower
amplifier. The source follower gain defines the output signal swing between Vrst and
Vrst-Q/C. The optimal signal swing is defined by such parameters as the operating
voltage of the analog signal processing and the A/D converter that sample and covert
the pixel output signal. The source follower gain is chosen for each color channel such
that their respective signal swings are all matched to each other and match the
maximum signal swing supported by the analog signal processing and A/D converter
circuits.
[00154] Having performed these pixel level optimizations on a per capture band basis,

the system will have the maximum SNR and dynamic range for each capture band given

linear operation. Although the process described above is designed to provide an
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3.3.1. Backside illumnated inmager array with optim zed thinning depths
[00136] A traditional. inage sensor is illumnated fromthe front side
wher e phoworsiim4sioifirst travel. through a dielectric statkshafios@4dinal |y
arriving at the photodi ode, which |ies at the bottomof the dielectric
stack in the silicon substrate. The dielectric stack exists to support
metal. interconnects wthin the device. Front side illum nation suffers
fromintrinsically poor Quantum Efficiency (QE) performance (the ratio of
generated carriers to incident photons), due to problens such as the |ight
bei ng optiotk e L Uyomweithiregatd tocthakiesumi SMR @ntdynpimie Fangd, mpheyvdesegr criteria
typically achieved through the deposition of mcro-lens elenents on top of
the dic@nebt risedstradke feple@ton opithel three payametesc desemied wbeme g Piyide in a
cone that atte s tp avoid t metal , structures wi.thin the pixel...,.

[ omsﬂnpé%é PHE! e SRR i {8 eENI GRS r?apﬂaa’é BBlcion
fabri I - i,nprove the QE performance of inmagers. |In backside
iIIun%ﬁ%%@gﬁﬁgggﬁf%ﬂ?hgpsiIicon substrate bulk is thinned (usually with a
chem cal. etch process) to allow photons to reach the depletion region of
the phpsadbpsenitwenghrsheRacksi de of the silicon substrate. Wen light is
i nci dent on the backside of the substrate, the problem of aperturing by

met al [08154ict bueber mpanerdtians 6f ontgérderiayb urdannbe iawhidvedawoudied. pikdelsevir

t he absorption depth of light in silicon is proportional. to the wavel ength
such tdfderenheopeer spouas pehet the samsc APedepebanharobrympliottbAs Jreen’t he

t hi nni.n rocess, does not r ve sufficient silicon, the.depletion region
w11 5EReBE 6600 16 CRerruck S TReR S et b Frl Reveractinpis s ieRrT seftiE Gbeaa0
gener fr (o} f . L ani e r ves

silicgﬁﬁﬂThe éghgglgggﬁegﬁgﬁAcéﬁg SFDhg“gEglﬁgﬁgaﬁ%trg p%opéﬁgggﬁ§$hs
traveleondd s B ghint RAHER i fROht tBUtRE adnvBEsi SN G ade RE LAl G GRbEh &Y §F tHed
photons could also be reflected fromthe front 'surface back and interact

W t h i"gegan nigndeot omshé arcdyeadiéecattistlyyebtly mager desldrictovaradieerff@nence
due to mnor differences in the thickness of the device. The effects caused
by vamhesdionbpixalsrayingilidlenestscaniverdien dewisce can be evident as fringing

patterHS ? d/ or as spi ky spectral. response. [00138] In a conventional.
i magel00P4psAs enepticnsdopraviqus 's%(t%pq%ﬁwora9Beryg}crﬁ@%et5eh>§yqn§ dCeEANused

to prqyid col or. capture.. When,.a npsai,c base ol gr iJmger is.thinned

t or " HEPRIE ThE it g CBEE Rp Y p R BurT 07 b RaSR o Bt Bla IR PSR oL BbRbl e
proce net,: Lt Lk i-ndiwi ; i t i ff t
R A b S B B IG L i SR AL e
per f orgRgee bat weanAphl Uy elllengidas” Aadalr pineeatoulR braveh&ngited . udng iarager
array in accordance with enbodi nents of the invention includes an array of
i magercenvevserre gaac ihat xetimizes hoflodaput péfaneds enses abthefulamells pagaatl (a

wavel engths, Different focal. planes can sense different sub-bands of the
vi si bl @0spakaraan br Tha@dker baly of ab- I9aaen ofocehelasies qoubikg renpi usirectremm f or

whi ch th d-gap energy of si.licon has a ,quantumyield gain greater than
0. Thevie oot R o T GveRHion R HeRp G VBRI Tefssr 6 a5 o U e B
wher e -1 hie i 3, f ixel | - i

wher © ek DL S50 Ot ipePltel fat @ 4 oeale LaliARS |Ruaraaande
l'ight @arbPirkebverkd AGHI HRETadiOg@Rl Wike!s |(fthat dHTRATsHf-REPOSHITBRESS of he
silicon bulk material. of the inmager array is thinned to different

t hi ckivegphesr tightnetelhcdulhé balvs osvelre o frothe plidr “wdrneslcdreeapn@ls Tlaptesudt isad
within the depletion region of the photodi ode so as to maximze the QE.

[ 00139%)Verwmil ingrease iardyagmiqratgectf thhsysten.cAhheusta snasific5d/A0 atledation of

di fferent depths in regions corresponding to focal. planes (i.e.

sub- a#?%a}éﬁarﬂ% e‘é’\éer?é‘egféﬁ‘gﬁe@nta@pé&r%ﬂq.grﬁ%dﬁ disRYssed %W&rtgsrf&énw?rt h an
enbodi pent_ of _the, i nvention.is.conceptually illustrated jin Fl 5. T
mger’ iapatt e atetarast; FRgHRE A hekinabd BiERLPBrER degiaed
2011/ M350 PCTASROLILAROAA%: S R0l b o i Shertidic, siaric agdicarbal

i nt erconnects 504 are'ﬁorﬁédﬁﬁ%n Pheppﬁlus{éﬁtéﬁ%eﬁ%oéiﬁﬂit, tﬂgqgilicon
subst natiditiéd, Ustgaraegfcas baes 808icafetOtd Mfashi ahdt hbratt aehaeees cah by xel s
formng a focal. plane for sensing blue light, the photodi odes of pixels
formng a focal. plane for sensing green |ight, and the photodi odes of

pi xels formng a focal. plane for squ%ng red light respectively are

| ocat ed. The backsi de of the silicon Substrate is thinned to different
depths in each region. In the illustrated enbodi nent, the substrate is
thinned to correspond to the absorption depth of 450 nnn wavel ength |i ght
(i.e. approximately 0.4 um) in the region 506 in which the photodi odes of

pi xel s form ng an imager for sensing blue light are |ocated, the substrate

b o o o N o Y Y.



[00140] In many enbodi nents, the designation of color channels to each
imager within the array is achieved via a first filtration of the incom ng
phot ons tWwoaoghi4asoband- pass filter within the optical. parhiSediibes4phot ons
to the photodi odes. In several. enbodinents, the thinning depth itself is
used to create the designation of capture wavel engths since the depletion
regi on depth defines the spectral. QE of each imager. 3.3.2. Optim zation
of pixel size [00141] Additional. SNR benefits can be achi eved by changi ng
the pixel. sizes used in the inmagers designated to capture each sub-band of
the spetizedto inksepsxtie dgiares ri0y201 biliet3GETRETbEGEY 204 03684 ngily linkied he
effective OE of the pixel. decreases since the ratio of photodi ode

depl ettp dicreagneihaduaame mingelwithywbichat neagesarray @amué@%@@ee@rl&mypl cally

the pidafs7Ic Besiiela SREEl RAuhe? aahiEh Py N RERE FuFBERiAmE e g Ehexa
size oL g GogRE Lram LAGLEARELON 6 0 -k eBRLId R

bal ance of p e to read-out circuit area, PmEnts,  t he
pi xel .HdwaRrsfiRh A-StatiRAHREEcd Rl HivRLuBMRJUll BrmbfiaR Sefaets aﬂeertﬁéetast
transistors are al so made snalleéer. As these transistors reduce in size,
numer qisee | evoftidd miagreat@alnemeérm” Sodioea fdegrr@téedh&ryme:ahdr‘ynalﬁnﬂeﬂst nigeatimgresi se
increase. [00142] Electrical "cross-talk" also increases as a function of

r educ @@ ppremdispebapdigparitysysivienn the bre guraretargets, wﬁncbﬁsam@m(ﬂ%ﬂl@b@@eper
into tBE %ﬁbsé Ete before |nteract|ng th the sjlicon to create a charge
carri dPU19%es M%e heaPFeea™ WRAEPNi Rea %%ﬂ?e €7iPa#h dBm eAHT otP%dior e
resurfacin an églgnlqﬂa Q0589§0d vam Ie%éo% gl § aJQ{ ircle"
of pr&ﬁyﬁfe r@ uﬂ?%%% c% 8 ion°ineredsestas ¥ Fun ti R % réiion
deptho/fuisid (iR SHB!HGE thoRPiel ﬁem%oahﬁagwgﬁ setrmnvraﬁmw m%fy i xel s
the circle of probable resurface covers. This effect results In a

degr aghtiededobtHeheid¥Didhanad j effichllgnidseribEneiclidiing MiFous tchah§éd Rage bite,
phot on wavel ength. [00143] Inmagers designated to capture |onger mavelengths
can t fsbrpé oared beaieptalsyi wetotb deppriove feyst Hm Sk&lﬁpéa;andnspaf&sphghe hvepemal
size and thus increasing the OE of the pixel.. Since MIF drops

f unct i'd¥ENdPN; néheasam veqarétﬁg@fhthet REcIRaManYentisn sheyidebe rﬁOﬁaad@r%ﬁn all
resol ution mnth i ncreased wavel ength. Overal |l system
resolﬁ??%ﬁjg Hﬁﬁﬁgﬂﬂgéﬂﬁﬁhﬁdpﬁg- Wi 1 e increasing the pixel. size for

| onger wavel engths so as to inprove OE and thus inprove the overall system
SNR. %hﬁhQH drQ BRAY yenbodi ments, inmager arrays in accordance with

enbodi nent's of t%e rnvention utilize as small pixels as can be

manuf 400 18Ed. InAs €ORE MBINAL imBg§&C Mg aPé XRical) Z€cdsBed e ar@n@lisOtdshidied
above is sinply one technique that can be utilized to inprove canera

per f orusang boanchtbheosipeclihes tiptxain asioze edtbsmw bl pixedd.| Yutlepgendsalulpmes t he
specific application. WO 2011/ 143501PCT/ US2011/ 036349

that run vertically through each pixel are used to connect the pixel output to a sampling
circuit at the column periphery. The horizontal control lines and the output signal lines
are typically implemented as metal traces on silicon. The outputs from all pixels in a
row are simultaneously sampled at the column periphery, and scanned out sequentially
using column controllers. However, common row-wise access along the full row of K
pixels in an imager array does not enable the imagers to be read out independently. As
noted above, many of the benefits of utilizing an imager array derive from the
iIndependence of the focal planes and the ability for the imager array to separately

control the capture of image information by the pixels in each focal plane. The ability to

separately control the capture of information means that the capture of image
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3.3.3. Imager optimzation [00144] The push for smaller and smaller pixels
has encouraged pi xel. designers to re-architect the pixels such that they
share reasoaoti/@ssoeuits within a nei ghborhood. For exanmplC®/Usaoignsdaspo of four
phot odi odes may share the sanme reset transistor, floating diffusion node
and source follower anplifier transistors. Wen the four pixels are
arranged in a Bayer pattern arrangenent, the group of four pixels covers
the full visible spectrumof capture. In imger arrays in accordance with
enbodi ments of the invention, these shared pixel. structures can be adapted
to taiihformatienpger fher pialseinod fpiatgllané naa Heocadtompiah® the apgitvanbarabthe e
band. The fact that these structures are shared by pixels that have

di fferferﬁ né%rpﬁ lsrrbignaed fhcapturad|n @ oaEber @ leprbadimesats, dhe apilbuieRravagge

sensor t.hat t.he sa tec u Lor achi.ev er f.or mance .
T oveRBiE tHAget Ypiesden oL SR b o R e Sl TPOERS} P6Phance
Of P tEhed o 083 1 BHETR- B B LLORIOh GARYTES LBRL BRI SMEEE thot

ol | ower gai n, and f capaci ty base
pl xel Scathéilreg.@s@fed e b eWid At ekt s N €i dtloS SetfifdnRBs t hiat ofdlrl @Weomtso M
reference to 4T CMOS pixels, simlar inprovenents to pixel. performance can
be achiewed oh iamge rmf@emaarbnabyl diffehercth fpiateptanebaméthon raiitwageirnarray,
accordance with enbodi ments of the invention. 3.3.3.1. Optimzation of
convergdepenganh Meadixsg) thféobelaﬁobﬁant@ldﬁd ifamgach deaahi plaaa. i tageeveaat ay

that are iptended tao capture speci b- bands of the spectr

i npr oAEP wr%.tEPdaﬁa&ﬁsz@r@wﬁ%wﬂeﬁe %fhttre@(s*nar\étre?rﬁﬁolg@%@ﬁ%ﬁf égaror
each of erent_capture nver |on n in

orxor Sochrfoe el s & %Ssochaﬁﬁg.rﬁav UGS 3B RE. K YRS e PHE
"Sensgnafe” and YR g&di l:gte@ h)&@térggap'afnfa OEQ%Q' taﬂH ngﬁ zerTheInchr%r‘iv3 tO
vol t age conversion fo | ows 't he equation where C t he char ge,

the capaisddiarees, apghbarats doerotobit aige. cthulrSe tohiemsagasl Irﬁrormaoﬁabﬁ%ma@cm the
hi gher the voltage resulting froma given charge hence the higher the

char gelifferent fecay plamsvershenedasmgoferipterpl xietuitryThat iscinaees betwei fecslannot
obvi ously be increased infinitely however. The a parent full well WO

2011/ PAMP@PQ@?@M@N@SH@AW@QE%&PW‘QO‘FGQ'%eﬁrB@érp erauRteyityf and shared
phot o- el e%t Eéns th{e ﬁan rec él? dtecr se.if the capacitanceg of
the FBHECEHES DY ré’n’ﬁl ?C.Cof 7139 ¥V' é’Q”PHBSP ‘?6’?1"5 PBrith&'>5HatYdi ode
transfigi,jnto the FD due to a potentlal difference acting on them Charge
transfer will stop when the potential. difference is zero (or a potential.
barrier exists between the PE and the FD). Thus if the capacitance of the
FD is 1909. ge®ichied beripwirentiralitryequi i brium may be reached before all

el ectrons have been transferred out of the photodi ode. 3.3.3.2.

Opt i nil@@téG&n Ah umegecerrfagl|hdwdmggmurtt|rﬂ©0d¢leﬂ]plmdeh hawnglindgpentientherceogai ns
can be achi eved cha ing the characteristics of the anplifiers in each
pi xel coW&Ohand@w agltlzq%roahévherﬁ@aahﬁwarhpéanq haadedigaied Raimheratrcicymsy,

ELTF%%F%SP G o1 s odresty AL vapBoads LETPHEYRD K6 As & BP9 e
R e A L e e N S R e e

the i npste KOL HRERaBM Ry Cbn@ol [d¥fc SREES J étO\f‘@beﬂHHér 'v#fcﬁrsgc%d”t)oll?élﬁ be
controlled during fabrication by changing the inplant doping levels. G ven

the pibyed copinadrodéw densigf adnitrobetbgiccapmadtry B06i mitoaghrtbesgoland difwits and
capaci tance of the FD, a range of voltages are established at the input of
t he Safgvvcttecrédler emshqwaﬁsrasslogledvocmen oeksideonkiiegovalplanyrtbe dep@tonwter e

Vrst is th t voltage of the FD, Qis the charge of the. e] ectrons
t r ansfefing & porel orAnaset i atshicaak laat epch ¢ beapRitli L%tr‘ft‘-’@”thec he
FD.

left/right and/or top/bottom of the focal plane so as to enable layout at double the pixel

pitch. Laying out the control and read-out circuitry in this manner can result in a
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[ 00148] The photodi ode is a pinned structure such that the range of charge
that nmay be accunul ated is between 0 el ectrons and the full well capacity.
Ther ef or ewowntin4asogi ven full well capacity of the photodcods2and3@4gi ven
capaci tance of the FD and a desired output signal. swing of the source
follower, the optimal. gain or a near optinmal. gain for the source follower
transi stor can be selected. WO 2011/ 143501PCT/ US2011/ 036349 3. 3. 3. 3.

Optim zation of full well capacity [00149] Another optimni zation that can be
performed is through changing the full well capacity of the photodi odes.
The f uohfigetdtiopapherd pvari cohenpherediaotded sntdne band oiioohumbdrovolf ciet @t r ons
t he phot odi ode can store in its maximlly depleted state. The full well of
t he piagd|oddcephumasyitled beIsearlad dulie etherx-y si ze of the phot odi ode, the

dopi | f the inplants,t f t he, di od t d th t
used 180 F88ec v deyPsaretugig b ogsl blbrisay i teR-S miziirdh nobdsofl oo
can bepeesy il d R REAKPUS 38R | 00 - SNEKe BEQ LALER RN ChaKRCEAGi | cs
t hat can be tuned in order conti gure plxels wthin a focal. pl ane at

have tshehSaipr<aaPs u @rlansod esn brerned ddiadtdgaRplihgrdmenney fort@noBktifg! -
solution for all three paraneters is dependent on thé targeted behavi or of

a par tthe uaptuifedc mhageliafioemabaahintoahditalppi@ase deten de thanl cgrabodindrite, the
spectral. band it is configured to capture. Wile the desi ﬂ& of the pixel.
can bsaopmling gieelitryninptates sdely pegnad Rivsepeart BSHnwbidf inchelesi aelAnalag

sinmply i 0 ith respect to specific capture band Vv t hough t he

i npr oxyféﬁﬁnﬁé”mFﬂlcﬁmBﬁ?fB@f%i .a'ya? ApANEkh A @ltﬁﬁf ﬁﬁﬂ&%&%fﬁ@n%@- flBitB%E and
simlar_processes. can be used tq sjnpl.y i-nprove,the. perfornmance of ,a pjxel.
wi oh PEuRRFRRE R ARt RR ol SraloBbitc T vt JRUPE B TRER R Bl o
full Wﬁ}la['geQﬁRﬁ’Fr\att%n L’]@Q%@%IIZ& V8L iRe raReeH. OAn tAGP QQH'%SirﬁTg@rﬁéTﬁed in q
transmttance of the color fillers, it 1s possible to estinate the nunber
of el eqinfilgns ot hatysWiddludieg darenet Gehigidved) & @i SingLEMAISM egérfmin@natt Xnpixee. g.
50 us) for a given maxi num spectral. radiance. Each sub-band of the

spect raanvérsoiropdr ww Iperiokleivhehawes dhdinfuinebeamnef mivelisen aofoveloéthe borsal plane
generated. The full well capacities of the photodi odes for each sub-band

( col oBEr@thbyéhe relenn sarPlingasireunk [maxivitim PREr arrE oSN ADChas BdhdPunder

LR LR L 8 e, TESB AERe

2011/ %‘%3(?&%'89%&%%%1&&%@\%% discussion below). A common read-out control circuit
312 controls the read-out of the columns in each imager.
[00162] In the illustrated embodiment, the master control logic circuitry 314 controls
the independent read-out of each imager. The master control logic circuitry 314
includes high level timing control logic circuitry to control the image capture and read-
out process of the individual focal plane. In a number of embodiments, the master
control portion of this block can implement features including but not limited to:
staggering the start points of image read-out such that each focal plane has a
controlled temporal offset with respect to a global reference; controlling integration
times of the pixels within specific focal planes to provide integration times specific to
the spectral bandwidths being imaged; the horizontal and vertical read-out direction of

each imager; the horizontal and vertical sub-sampling/binning/windowing of the pixels
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t he x-y di nensions, changing the doping |evels during diode fabrication,
changing the reset voltage of the pixels or a conbination of two or nore of
t hese parwoevarm3son. Optim zation of conversion gain [ 0@C5AJS20ihe363ext st ep
is to optimze the conversion gain of the pixels. Gven the nunber of

el ectrons defined in the full well optimzation step, an optinmal.
capacitance for the floating diffusion can be chosen. The optinal.
capacitance is one, which maintains a potential. difference to support
charge transfer fromthe FD such that the full well capacity can be

t r ansfvathieceaich facaleplsopatiefrdoratowipixedl roiteref edhle fgomiplané; afd she power-
optim zation is to choose the snall est capacitance possible such that the
char gélowh staie egjereloieaciferal@iant.is as hi gh as possible such that input

f i i i.nimzed d h t i R f h I
1T 08108 $5 5o TR, O DR R TP R B, 88
th I . - I i - I i (eI
e ORIy oL L 3PS 3G ROBGAGALD HEIASRE: ARSI R L)

di ff eraere thetinRee ddis ihes8tstv@dttiAGe oQfpdt Hermbt.( \Givdn tdtdielRe thaht@ge Nof
the FD containing a full well charge load (Vrst-D/C) enables the definition

of an oupputnpbrts gaienudeaat td hatmoutteeirhadd aata (@naplthérieeare Pheutpatimoets] otHeower
gai n defines the output signal. swing between Vrst and Vrst-D/C. The

opt i mamadsr gatd is tynk myultip laxeti andel thsseseetivup apeiset e asnusbemel epbpdimers,

vol tage of the anal og si gnal racessin nd the D converter. that sanple
and c@\/émltﬂ@oaﬂk@?.m%%ml': griarused egggﬁ? de %I@ Sip 1§81 Pixpls ehben

for each col or,.channel . such t.hat eir,, respectiv ipanal,, swi ngs are all
ot cradiapg G SRR axitile LA ot R adF ST AN s TARARE sBh Bl e

anal OgﬁékmuitrP@ﬁ’g‘ﬁ%tﬁQr @il'?gui'ﬁlt)/I:Inf:t‘H@\’lﬁI F a‘FIa{IgF%értiédic&l%pﬂ‘éﬁI'tsI'Iﬁ)‘{Ieggnto

perforned these pixel. |evel optimzations on er capture band basis, the
syst ethai Hhtahaweatrheprigmiding! MNM ARG tydading, rangaof armeag htot aipfdrheatiand

given linear operation. Al though the process described above is designed to

provi deerdrfymw® 2044d4|14366,1 PETvros2erl 1dO86guhg a row and/or column within a focal
plane, and/or information identifying the relative time at which the capture or read-out
process began/ended for one or more of the focal planes. Relative time information can
be derived from an on-chip timer or counter, whose instantaneous value can be
captured at the start/end of read-out of the pixels from each imager either at a frame
rate or a line rate. Additional codes can also be added to the data output so as to
indicate operating parameters such as (but not limited to] the integration time of each
focal plane, and channel gain. As is discussed further below, the host controller can
fully re-assemble the data stream back into the individual images captured by each
focal plane. In several embodiments, the imager array includes sufficient storage to
buffer at least a complete row of image data from all focal planes so as to support
reordering and or retiming of the image data from all focal planes such that the data is
always packaged with the same timing/ordering arrangement regardless of operating
parameters such as (but not limited to] integration time and relative read-out positions.

In a number of embodiments, the imager array includes sufficient storage to buffer at

least a complete line of image data from all focal planes so as to support reordering
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optimal. solution with regard to maxi mum SNR and dynam c range, other
design criteria can be used in the selection of the three paraneters
descri bedvahouei4ssmipr ovi de i nproved pi xel. perfornance RCThiSe@IPEGUIto a
specific capture band or application specific desired behavior. 3.3.4.
Dynam ¢ Range Tailoring [00155] Further optim zations of inmager arrays can
be achi eved by using pixels of different conversion gains within the sane
spectral. band. For exanple, the "green" imagers could be constructed from
pi xel s that have two or nore different conversion gains. Therefore, each

" gr eerhdiaragémingof thiesnajexdits frératalhfaeel plahessgemtaishe dateeisgiashaged m
which is different to the conversion gain of pixels in another of the

" gr ee® COyRGENG ManRaetogggsgythespasd sngcpoairyctienehtherigage data dopexample
constructed from a nosai.c of pixels havin i £ferent, conversion gains.

[ 00156 I sheTastid pradesTar e R delareroalgata acrestadtifna a
certai i t i 1 > ease but at
the oraara ey PP e e e £ B PR e b AR RS, bl o e
to yield a system having a hi gher dynam c range. For exanple, half of al
"greers 4 Pogap.smal-wges coul d be constructed using a conversion gain that
optim zes both input referred noise and full well capacity (a "nornal
green'{p0144le Shérenadel drray ilhlstratgd eehl!G. BooaludeplaarpsratelASP bescrmist mutdt ed

from pi xel s that have a higher conversion gain, hence |ower input referred
noi se eanbl frhdlang. f drimager armay wanbecepnatiucied mf agsordangenvith emphagiments
scene ving a lower light.1evel could be r vered fromthe."fast een”
el of thpdivedtioniboviist kst Paritpis, weBediSia surtt ar (PHhet iouEn tebliis be
recovey " | . " pLxel T t_ i 0 I

nor oo U ard ShaR p AL REA foPot Bishn | 051, IS 2y ¥ P s

al | ocgychQBe@fmiiRA -fod1apRBeDEhVWEER rdiREd vl eMbARINEenfObMhe IBTERN IS

di scussed above the nunmber of focal. planes dedicated to ''fast” imaging
and t hikugtuatedrin dfIGf 6cdhe iplaajee s ragdB@Eiedizeo annkSRaN 0" fol FaEIPIGIg & #hthg el y
dependent upon the requirenments of a specific application. In addition,
separ @ixels orahe cplumeof deelMatedrnay of fecsl plaras. "Indheallustratedggmbodiarerie WO
2011/ 143501PCT/ US2011/ 036349 utilized to increase the dynam c_ range of

ot her tBpscaieaM 9reypgief éﬂﬂloﬁﬂo%f’dts'%’?ﬁ‘iﬁ??&%hi't”éa wneﬁ&%%%. r@sé%egeﬁ)ﬁaﬁn‘ c
range whi ch an imager array captures een, | ight. [0015 Lmlar
o 1 oot e ot o haUbB sy Bl rSRPHL ERadh AR b henl Piske Ebe P R M

and * Q@F’%eci'/ue%%ﬁ?g%@é@éé%.%h i sﬁ@i&ﬂe&rhlﬁﬁistr@%ﬁ.dm X6LI7 aid”btrﬁ%?ét%ﬁ or

| onger. HoweVver in non-stationary s , result 1n rmotion

ar ti f apé ASH pforiieat |da88N'pridick8des yEride | Y RrpRrd d dfethe Qe U yIveR thar

| onger than the "normal ." pixels creating an apparent spatial. disparity
bet weeachHecdlwbamg ekerts ainingisan whtichstay. feonenaesioralbf en AFV4 5@&]al Aldareough
the present invention has been described in certain specific enbodinents,
many ARRNEIDHEEN MASHVE OE RPWER S owRcbtater the PHTesHnaIrathec U paredticed (somsse
skiII?d iﬂ.the gr . It i.s therefore to bﬁ.u der st.opd thg%éth? pr esent

i nvent'? &MY D ur:B'F%fc’E?Vd’éQj”btpﬂ}é’F\Vvicé)Es't”ﬁ‘&’ 10Bh8ETPFIPLTSA M er i@ SYRANdi ng
vari oy [Nt Si : n terL: i d t m
'he sdByaanairaeyafy®, AfersaREs, CHRIFLHAbG At bB ke RO HOR-bEE
preseninel diepd isABraWhd eurmANSFARIsSH d Boldhhn bERRACHERS (N)IWehriaht Wi and
not restrictive. 3.4." Peripheral. G rcuitry [00159] In a conventi onal

i magerntim@i peillisplaki@gt ynaalnl yof athre IR priocasdioy- varsebd astplemensddighrough
hori zontal, control. lines that run across each row of pixels. CQutput

si gnalseqbemepd chatrotlad by éhe celainy read-ouybordaelplpikél?’. are used to connect

t he pi x output to a sanpling cifcuit at e col peri phery. The

hor i zéﬁﬂa‘rfﬂ céﬁhmh the H@%gedrﬁfr?hé[%'faﬁﬁ %%E%t '.ncrtirg%ésﬁwéd%%mger

i npl enent ed as netal . traces on sili.con. The outputs fromall pixels.in a
row are §nill ?Cacr?ég?;%ﬁeymﬁn%‘laé‘éﬁ PHEESTS: Gﬁﬁh%éPYeﬁHEé’Py?a%Hbd%%egr?ﬁgﬁa&?ﬁ
sequentrl %%\ #?Ar@gkﬂf@é.umbtﬁgrteﬁmold%ﬁntm \é??!ﬁ%nin@ o AWAMESI PABESH
along the tu row of K pixels in an inager array does not enable the

i magemrst follde theasdmeuiurhbeepefdanplanes Asn Betadl abbodimeniy eath fhal benef i ts
of utilizing an inmager array derive fromthe independence of the focal.

pl anes and the ability for the imger array to separately control. the
capture of inmage information by the pLxels in each focal. plane. The
ability to separately control. the cégghre of information neans that the
capture of image WO 2011/ 143501PCT/ US2011/ 036349



information by the pixels in a focal. plane can be custom zed to the
spectral. band the focal. plane is configured to capture. In a nunber of
enbodi menwe,20tihi3sbi ity to provide separate trigger ti mes/usanibas3usef ul .
in synchroni zing the capture of inmages using focal. planes that have
different integration tinmes and in capturing sequences of inmages that can
be registered to provide slow notion video sequences. In order to control.
the capture of image information by different focal. planes within an
i mger array, independent read-out control. can be provided for each focal.
pl ane.ménhaevedaticatarhABE entwp or meoievdgenusputayarbasputridepesdentn AB&dout
control. due to the fact that each focal. plane has an associ ated row
(col ufRN%embediments, By aﬁﬁceabwalr pledes shacs thepameiE andear catrearorkel .
si gnal | 0 Rracesspr izer ny. e odlnen epar,at
cont r heSopcaRaBoR BB E RO Hdhen brfGhutdbfoot B CorRerb UM FEPRHA st al
bl ane%ah o AlPUFbHTLET HRLIAISRLL pEdCEIn LYShBamdc ShAY B DELUER o

e ed eri phera

focal ." pl anes mager arrays i nplene usi ng edlc

cir CU'diﬁfé’reﬁ'f‘@va%/@aer@%méﬂepﬁ&eé;?éaﬁc.C!aﬂS&MiattToMs'|H RE6RIARBGH tMHIb RITRRALITBN S
of the invention are discussed below. 3.4.1. Dedicated Peripheral Crcuitry
[ 0016Q@he Mventrager array i ncl udi ng nultlple focal pl anes havi ng i ndependent
read-out control. and pixel. digitization, where each focal. plane has

dedi cdb@tédler Shaenal of ADCsuibetween rpaiksc of diosak PAames enbanli IMEages afrayhe
invention js illustrated.in FlI The i.mager ray 300 | ydes a

pl uralaiCﬁ}”J@PC%uW't rﬁag}@%aﬁ% i5x @ tﬁ&r”TVSEHP” 81 &ﬁ&é@@g mE&&(ﬁ ?@caﬂn H]eane
has degli Gate ontrol i C CI r 04 a |ts peri_ph is
contr ST EEEY &MEBARBHYT she i " RLACH BertBiirt Pel b ool HeyPatutesal Phdlioh
the c%ynzbteura%ﬁgstamurp@ W AREOsteo c8f Sla%'%@"Wmﬁﬁ é’h %Q@éreaé% ckopirRpss si de
of the focal. plane 51ct|on as a single block 13 purely conceptual.
and eadtsd pgiveehl @ik 6RfbcBEpEPlestarkiet ety bhADCefidtivieghtgrangé of féwpioeat t om
of the focal. plane so as to enable | ayout at double the pixel. pitch.

Layi ngplangs timearcomagelr. aenag mead<ordanceer euliht eynhadimients mdnther imemticesid t i n

a WD 2011/ 143501PCT/ US2011/ 036349 confi guration where even colums are
sarrpl ddustratefeinbhlitke 4% dbleusherindwf Afikcand Lk ! %%r@f@ﬁu'ﬁnEledtﬂ gapede

L 0 i ding., M N fo th
oot 6&9*%% eadﬁong%gwﬁf?“ 81drabBs R JBit TG epinn YOUHE ) el pel r ow
f f
nave. daa SrEYRneN <Fao SELUT I BaPS of octManit afd/oltrbud®de %f‘mea‘l"s"

|nforqﬁ@mpﬁchp5@nggg|tal pi xel . data. In many enbodi nents, the sanpllng
circuitry includes Anal og Signal. Processor (ASP), which includes an Anal og
Front [EDU6TIAFE) eyl éfibedincémtepithe quvcklarwifinal exeht ol gildred arEarverstently ADC)
310. In other enbodiments, any of a variety of analog circuitry can be
utili psecesseddhnagh t@apﬁam%@ﬂrcwﬁg@mmtéraﬁﬁﬁuttme$ Aveh &@uthemb@vwwnstent

not | {EAMY B3IrchagsCeri 65 ABDTRgH Rt ar TSI £ebirol o brad GH er o
per | 9%ngliat &L BiE BPSI Ay BIARIRY LRy L0 Blat i ph 0GR an Pl BT Vel
ASPS %@%Sﬁ\%&ﬁ dfréaléﬁrféi:éledlaﬁé ate Ebﬁﬁkten‘%o'l\\ﬁeé@rﬁﬂe%rthé%Wa@@rs'hﬁg bewéDerASPZ

operating in parallel at X/ P conversions per row (see discussion bel ow)
comonhé eatlirabtrea@rdutadf. thei differdntId2alcplaheslis acberda@ad-vatt edibddiv@eatd gims
in each imager. [00162] In the illustrated enbodi ment, the master control.
| ogi ¢ tbé newention 13 ilustoatedainsklGhéci depamterseenc itk oerd-ofit ehtte cotmgens iThe
master control. logic C|rCU|try 314 includes high level timng contral

| ogi ¢ e@iﬁhéawlrwaw%ﬁgwe torrnabha gECesptngr by arharahABRn gesriElsscomithe

i ndi vi dua pl.ane..ln a nunber of enbodi nents, the master control.

porti & %3F“?W| Bf%@RnWﬂH“Vhplenent features including but not limted to:
st agg%bp It hﬁeatc%rr toPQ ?fre'd%ggn o?%%w%lrltwﬁé‘r? t('feF'tlafnt E&%‘F?) %r%csagre Rbane

has a control |l ed tenpor set wth respect to a erence,;

contr ern!agnﬁl ithé aratclakidd, el b stduerdttXethe must lﬁﬂllfkeﬁlpﬂﬁhfnl hefigtfer dptanes

to provide integration tinmes specific to the spectral. bandw dths bei ng

i mged; the horizontal. and vertical. read-out direction of each imager;
the horizontal. and vertical. sub-sanpling/binning/w ndow ng of the pixels
WO 2011/ 143501PCT/ US2011/ 036349 wit hi g,each focal. plane; the
franne/ row pi xel rate of each focal.'g?hne; and t he power-down state
control. of each focal. plane.



[ 00163] The master control. logic circuitry 314 handl es coll ection of

pi xel . data fromeach of the imagers. In a nunber of enbodi nents, the
mast er coworoel1/14B3gi c circuitry packs the image data i nPPOTAISSMI 034349 ed
output format. G ven that fewer than M x N output ports are used to output
the image data (e.g. there are 2 output ports), the inmager data is tine

mul tipl exed onto these output ports. In a nunber of enbodi nents, a snall
anount of nenory (FIFO is used to buffer the data fromthe pixels of the
imgers until. the next available tine-slot on the output port 316 and the
mast ercaosnppoft. mbdgile sainpteirateycodligutiontstsaichdhatcihietsaynplmg tede isalgeysdt r ay
periodically inserts codes into the data stream provi di nfg i nfaormation

i ncl udimgs thsupixplorate phptserple docalimaneranhiass B setheiruymbey of 3divaifoca)ipipres
informi on ident(i/f in cf row and/or colum within a focal. plane, and/or

i nf or P&t AGant F%ﬁ“ﬁg‘f ‘he relative time at which the capture or read-out
pr Oceﬁﬁ?P@ﬂanA%gﬁggfﬁFiaﬂgﬁ oqrthgqregof?rfcetQ’%r!r%ﬁgrlchit@cﬁngsillugﬁ!a%d ¥EFid. e

i nformati on can be derived froman on-chip timer or counter, ose

i Nst arbARRSY Be YidbHen 6t dph &RBY BIRey@tASIR sHarbd AeithOdlL pRats W r&f of e

pi xel s fromeach inmager either at a frane rate or a l'ine rate. Additional.
codes xclnrathsothzn adaedluton bh¥ it a Suehpint arsangsmeot ivodld; dheredpe, atviobge
paranmeters such as (but not limted to) the integration tine of each focal.
pl aneusarf WHsrPrekpaclydieringAd inputsi eic @syedlef inpuhéhatbel @wmonetohidst M focal
controller cag full re-as%ggbl t he data stream ba into the individual.

i maged @5t @ dt'w@étwl% y tEFaFﬁ’ IMN { e2d T ONERIAF et SeHENCHtyer
array Ci Hﬁjoydes sufficient storage to buffer at |east a conplete row of

i mge data fromall focal . pl anes so as to support reordering and or
retinning of the inmage data fromall focal. planes such that the data is

al way sz packagesh Wiiiidmsame tinning/ordering arrangement regardl ess of
operating paraneters such as (but not limted to) integration tinme and

r el at i[0@17#Hadhoariothes etribadsme hhofathelinbertiaf, fewbodhareMt*d| cdlbenn cegats are ay
includes sufficient storage to buffer at |east a conplete |ine of inmage
dat a fusechfarl Isafmpdialg. thel pinelsvadvesasf the sagapptanaseior aerinagen@ray. An imager
2011/ 143501PCT/ US2011/ 036349 an r retinning of the image data from all

f ocal .arqua#Esc tHreh &P thﬁte'ndaﬂcglq?éoi?i@&%eewuth'naa ERMTERPEHEE MARERTTRY ease
the haost's reconstruction_ .of . { e _dat for exanple.

ot naTE PesTaRer e s Pt Pk RBS SR et e R pfiizseany Mests o

Pl anesofiing ciRLf18MMak AW d3hae bifhO% bR dlREnPd iHkRfln d @NEfskbfasRees] ve
of relative read-out position. 3.4.2. ASP Sharing | 00164] The I nmager array
I ustiaalee M Bolibda cideuitrCaedas ommenal B B ASPs 3sgoci ated with each focal .

pl ane. An imager array can be constructed in accordance wi th enbodi nents of
t he i 0@hT1lonin sewshalcémASPsnantspire cdnsrotirtiiés ASPSmsusharas unit thadthey
limted to) the AFE or the ADC are shared between focal. planes. An imager
ar r ay aPRate aesr et ffgmeelpdiame decahplangs aboveead behow hbs cplynar 6GEdANRERNAS h
enbodil?[rrentoj of t.he .{ngenti on.is | |Uﬁt{at ed .}hn FIG 4. The imager 8rra

300" G @ FZEE N ASPP SIS et R TS QPP h A0S Y D AL 53R AT Bhiacw@6 of
the M x nr f P oIt - I tra adi o thgres are
M gr Ol}/?ﬂ)tsﬂ\'%r?wbgﬁﬁpggtspoﬁﬁg{e '”%”gﬁﬁﬁ? 'lL%éﬁjg%t'A Flﬂﬁe[*sf' gﬁ%ﬁc’@c @g Strﬁgju{\r)l 'RSFEQZ EfEach
of thes MharspUpal @bsanrlmg. RhX@hersiMEal DuceRdtRUERA NG Df RRE Nlimdi Midial -
lines. Each of the M ASPs sequentially processes each pixel. signal. on its
N i nplleswedm tisaiphiraf docdlipjam e, ithe cb en ASH cpirdper ates alt tiveastheNape tleas des per
pi xel . signal. period of the N inputs given that each focal. plane at its

i nput desired faamacratedremaa eingle foes planaorle oRNEremMBRingndsathe pixatseatieput s
is in an inactive or po down state, the processing rate coul d be reduced
(so ascOf@l%J@Hi%\@l%swﬂ%ﬁn@a%%w ﬁ'tB%Wé‘rt%@Hn%” Qg?frﬁ‘)‘ ofnalathioatiakal (so
as 10 BaNISYE \AfihNRE SRRGRhTIAT ohaL &he 1AL SLOBRLY LY, ByforTRn i pal e
anal og pi Xef© signal. Tea Dottty ne"can be?¥nlfed %y a colum circuits in
a col unm|8f of &gﬂbt cahar&an ONa1ISHE R ol b}Ahs tHAE HeleE et riv i) et b L MPCEiF QR Of

t he ASP processing can be inplenented through sequencing controlled by the
col umzahemdredet t6 Gabicvk. reBlduek cBaRje fioRO UGS brAlidlopabl bhayl Magetorat tide
illustrated in FIG 4 includes shared ASPs, imager arrays in accordance

wi th many enbodi nents of the invention can include dedi cates AFEs and share
ADCs. In other enbodinents, the sharing ratios of the AFE and ADC do not
foll ow the sanme nunber of focal. pl aﬁé . In several. enbodi nents, each
focal. plane WO 2011/ 143501PCT/ US2011/ 036349 may have a dedi cat ed AFE but
two or nore AFE outputs are input to a conmon ADC. |In nmany enbodi nents, two
adj acent focal. planes share the sanme AFE and one or nore of these focal.

pl ane couples would then be input into an ADC. Accordingly, AFEs and ADCs

11 e Fc rc o P~ NN "



[00167] I n many enbodi nents, the pixels within each focal. plane are
consistently processed through the sanme circuit elenments at all tinmes such
t hat t heywbava/wasiugi st ent of fset and gai n charact eri sti ®@ST/USROIMBGE49

enbodi ments, the control. and read-out circuits and AFE are controlled by a
common cl ocking circuit such that the phases and tinme slot assignnent of
each focal. plane are consistent. An exanple of the phase shift between the
colum read-out of the different focal. planes in accordance with

enbodi nents of the invention is illustrated in FIG 4c. As can be seen, the
r ead- clut @i thee beoliseder itie eamle dpecalion pi anauirifer shaggmnedotal @aabl én the
processing by a shared ASP in accordance w th enbodi nents of the invention.
[00168|]lU5ftﬁat@Fid%Wb96'r@‘ﬂ'ﬁ-pdh? Dareyuet A obepywier paencictcehinderesc 48BN BA anes

t Ki d bi as/ t h til d
i thi nephEEHaTanaaT Pl oediery R580 Bosy BRAATN (3eaHor ea suppor
mul i iy APl otfh%wenqp HELORTAUGR 0o SPIPRIIIUALRCh Sy BayS P

ti mes eplxe rate o a5|ri ane enu er of

act i veaf @altilil moes oPeeWer mspg.esm@bﬁampln%i colLPRH eRLuhs BOgatRAby ANiddd on
of the resource sharing architecture illustrated in FIG 4 can al so be

I npl enerbetbinbe ke nansiragrdeviSPthzn Blearatoy angngs &dr dipitizetisn.i fforeexaowplef M x
N (rather than in a colum of M Xx R% Such an arrangenment woul d, therefore,
i nvol & IngenfarneyASPsbe debignadistgh Matiihere iop sende ﬁ\&Peumﬁoismr digitieatien ebrmon
to the g/li\{)ocal pl anes the columm re

cont r he Mgl girﬁ@t%éa\sgﬂa%wégﬂﬁﬁ |Cl()ﬁ”§'q&%u't%:8r%ﬁﬁ“@% aldxgﬁal:
[0017Q], Lin amat ?m%i' Hgé‘ﬁhaqfrﬂ%b JﬁVWLEPE’arég&ghEQ n Q/Fh'\é F/IOJ:OL[[m'm

circuit's are used for sanprli pi Xe ues pl anes I n an

I magerg; L ftaYareAy er’é‘Fgcﬁ(/ld@H rs@(:h:glq’ﬁ%t Rh i uieH SPcdibfbs 'rﬂgr‘evﬂgd-l‘?‘l)ne fRafd

pl anes within a colum of the inager array share a comon colum circult

bl ock o3@8it fdrchigithatiohhdhdew i fiprusitdsz effepntaddVoffet iset@feeniosilioan Q‘:iré@bﬁrtds in
accordance with an enbodi nent of the invention is illustrated in FIG A4a.

The Mpovleumensumptionssireeethecgeapemihedupbat aiSPsP3 1ok slfweiFadh AhPsevdreal .
enbodi nents, the colum circuits are ti g shared such that they enable
r ead- GQt2SIP PR Eroebraadsedl rat%iféﬁ’é@ rave and bel ow the colum circuit.

oy %cor?%ﬁbcnguéia'l[fﬁgiﬁﬁgﬁﬁg Gt 3adimef BfisteleR NP AT e aelfo”
F' G ‘%:ﬂ 'E%U reflits *B%YWeérPtH:% %p 4id 'o ttBH]eoiStFPm%Cuh‘?al erGRP ”chrF Hat. tﬁ@re
e to t the n

e sharin e CO um circult etvve alr

f OC?“ -ar@'W‘"Ee&)luﬁﬁ%lﬁ&]lﬂb‘[ﬂc%.rlﬁlﬂukh QPRbaiRStiah ehih 6LtHE*P %b&{rﬁﬁ@ﬂchh@ls
desired frame rate froma single focal. plane. In many enbodi nents, the

pi xel seapenstioler fel ataenpldaubhly Isalfpf ede pntkls eddaatitfoealt paneiin theetaluamabibdg
form or anal og to di ?I tal. converted within the columm circuit. Once the
| ast pPsa@iplanes (Haeal sﬁYiEﬂtFé%?léU‘Y'“('OreatChefOéﬁlaP@@etQS)Udid gopaect igotheesaliBm of

GRS A A IR R BT R
at the top). There are still M*X column sampling, circuits, however they are physically
divided such that there are M*2 sets of X/2 column sampling circuits. An imager array
including split column circuits in accordance with an embodiment of the invention is
illustrated in FIG. 4b. The imager array 301" uses M*2 column circuit blocks (308a’,
308b’) and M*2 ASPs (310a’, 310b’). As discussed above, there can also be fewer or
more ASPs than the M*2 column circuits. Another variation involving splitting column
circuits in accordance with embodiments of the invention is illustrated in FIG. 4g in

which the column circuit is split into top/bottom for sampling of odd/even columns and
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WO 2011/ 143501PCT/ US2011/ 036349 sl ot can then be used for the sane
operation to occur for the second focal. plane. In the illustrated

enbodi merwQ 20hie1433var i ng of ADCs bet ween pairs of focal. Pprarsesi10334bhe
replicated anongst nultiple pairs of focal. planes within an inager array.
[00172] In other enbodinents, variations on the inmager array 301
illustrated in FIG 4a can utilize nore or fewer ASPs. In addition, the
columm circuits 308 can be divided or conbined to formnore or fewer than
M anal og out puts for digitization. For exanple, an inmager array can be
desi gnetgrsttcH dohamnt hierwtsi areatimiengfiase AdRtween thie fo il gilanesashave afd balewm
colum circuits, The Moutputs of the colum circuits are tinme nultiplexed
at t hdhe spltmn sircHes.A8pthe Nlushiatedsmbodipenbtbe sREHING Hemdumneci{riuls anshch
of the M.colum circuit g)rf further gi vi ded such th@t eich col Erm lgi;cuit
has mot@"'Pf CBHH“Br?éﬂCHBS GEWEE" PaY S &F L@ PlaNsds reReed g Seh S GPer
trade- S il i i i r t he
number e e plri bEAM 30 ThHRE AL, SR MEERESANEY SEUT
rate (hveMBnl ah@dditld?0t4eh oftisd MG alcuitPedrf beBhbadY b&widea HMHSGH @
illustrated in FIG 4a is to split the Mcolum circuits between the top
and babwemfedaltglene rtatér ther eagepsioahoft tHeat cohenre carceitht thel pempleénycefi the

bl ocks. In such a nodification each of the M2 colunm circuits is
respommalgleéafr@b']-sarrpl ing only half of the pixels of each focal. plane in
the columm of focal. planes (e.g. all even pixels within each focal. plane
could nect to th ol circuit at the bottomof the array and all odd
pi xel jggu%”@ﬁﬁﬁé’é’fm? O%J Peolum circuit at the top). There are still MX
colu i ci ' ' | yadiyvi ) t
ther o (00 £/ o PereCbe U rmil Lok BrdrsRY EF R S o Kb, BB b7

i ncl udiRGitpPb Im&Gdruamafd i HedordbRcAGHPr SABE&INYE{tE ANhEeTRRMABRNDIRR, tHhe
invention is illustrated in FIG 4b. The inmger array 301" uses M2 colum
Ci r cuiagrrdigeekent( 308he , ASP8Arariay MoRoASPs (03kdd' imptdentaAbndios atissesluatove,
there can also be fewer or nore ASPs than the M2 colum circuits. Another
var i atseorlingveraiitggse@l thatimgingte AoP i uead per coluaee sirgaicevaring X pixels
enbodi pents of the invention is illustrated in FIG in which the colum
ci r cuitfus 8eEfprming ?%tcanv%fﬁ}%tFf%fnﬁ%Pe%ip‘Nﬁ{@aave%dﬁ?&%\%r\ca@o@%Hﬂ 2&¢hpeO
2011/ 1C41350r1]PC|'|'/ U|§201rJf/r03|6349 i ntcer\§tri Itinal o c% um rciéc its ferneert ere sQar ed
bet weent THE {663 .p%l L9 156Ge AT BEMoWS he”EoP TR cit i 9" Fh 1He®

| T ustdal SmRmRodt RN Invehign 2Bh ! pﬂéﬁs@% ;ﬁéﬁ HMlnfi EFLlit B ﬁ%ab%kﬂ%g{f
colum circuits between pairs of focal. planes I's replicat anongst

nul ti pherdpaié X/Pf cdrveddionlpritesowiplehiod. dhid BPPRTachr Isay MmBaRE G WARGEtHM t h
enbodi nents of the invention. In addition, each of the colum circuits can
be shavedersainveérthansampples @andny easrmhooeduit ghanee (paraltelized sxdephatotheof
the columm circuits at the periphery of the inmager_array). 3.4.4. Nunber
and r veralf ARNSPsoN\sUIPA] PrOsEFE C4EEraah@ntlewesfrage £ Far exdMake: dAgEyedk 819 or

the colu sanpl i ci.rcuitry. of. i mager ,arrays.in accordance with . .
enmbodi RERPUT BN R AT (RSH | RFTEIrE oHotich &% OSAAi 18KS ¢ ReCAUBYE | FIEHT ry
follo ' i [ feth u | L0 Gi i1S .S hat
" si e g et R TEC G Bel of e EF1) Y SRPRSIE BRbonutBlial 1o
CONVerghedsidielisingVP REPsOductilitfrifakd ¥ed /P XoAETSidiap&ierddt bks8dGReh a
colum circuit perform ng one conversion per row period. In a general.

sense fixedbodi paridds(aefis tie casewithizofixezhiita e afe JABRS n@ierduabt emaersionaaid obf X
pi xel s such that there are X/ P conversions per row period. This approach is
a nearsachyASkhiscteduiged dyribierfa¢ton Pof Femhexasaphsl édhere arg twolAoins, ea¢lcouns 8tan be
par al | %l zed sulrcfh t hat the oveh |1 ADC conversi og process, occurs at a

sl ower!/¢ fieratpol tascgmiedour. pag ?r\%% Ihie 1omt Yhthe raies 'ndbiedepstrlraneen it
woul d be i bl ake ql i.rcuit. arrangenen hat. sanpl

number SrUTaRT S ASSs LT a8 3 HIE ARk Gilits bR 2 R AP G BRefls g o
ASPs, U _tclaﬁﬁ%&mfo% R ehl/ Fc’o&f?ﬂweamgz BSh BOWRROth AAcUpdarfel Mg T ow
period (as is the case with a fixed fra rate) the i1ndividual. conversion
rate eimieadimefASPol therigddraroeh. by the factor P. For exanple, if there are two
ASPs, each runs at 1/2 the rate. |If there are four, each ASP has to run at
1/4 the rate. In this general. sense, any nunber of ASPs running at a rate
appropriate to a specific applicati orJA'%_rrespecti ve of the configuration of
the columm circuitry can be utilized 1'h accordance with enbodi nents of the
i nvention. WO 2011/ 143501PCT/ US2011/ 036349



3.4.5. Row Decoder Optim zation [00175] Imager arrays in accordance with
enbodi nents of the invention possess the ability to access different rows
wi t hi n eawb 2bocaBsoipl ane at a given instant so as to enablraSssepasate
operating paraneters with respect to the capture of inmage information by
the pi xels of each focal. plane. The row decoder is typically forned froma
first conbinational. decode of a physical. address (represented as an E bit
bi nary nunber) to as many as 2E "enabl e" signals (often referred to as a
"one-hot" representation). For exanple, an 8 bit physical. address is
decodeti4.bnonwdsE otlen&ptielizaignal s so as to suppor t addressing into a pixel.
array having 256 rows of pixels. Each of these "enable” gnals are in turn
| ogi cdPP7 ﬂND\EEﬁ%rt‘?frﬁY%(él acqqrapmee Witgrambodipants ©f ine éinventigRirassasethenen
applied.to.the row based

anoh 'lB?’)E%FCC%&s‘gkfe%‘?{H rﬁ%iiﬁtﬁﬁﬁégaio‘fﬂaﬁgfﬁsﬁta@oV@wEf Shso PRl ¢

can b 0, o) o]
one- hor RekBEEEr o PRt s RepFtd el S MR SN AR R B e
row degader of Ié&hwﬂbm Bl YTh® Rive- h&dodéecpdithgicaMpniorpiRodidrants fipkt t he
i nvention have a single binary to one-hot decoder for a given row of focal.
pl anesomtihatioridteleicodgef agrhyaical Ftdreseradyrebemietpist sn &fbit hirmargeaoder) &r e
routed across all focal. planes to each of the (now | ess functional.) row
decod@ssmafny @sctt fepehle” porale. okepdetarsed &e 9scf " piexbpt” tepyesentpiipmly Sognal s

Cont 1 G¥amRgG) 6 B EH AV Fg) S <e eI FURGNONREY FIIRES GHENEIS0 FEiAaIPHoR each
Focal Bk 118 FRRCYT g RO e, PSR bplid ol Rsg hepmeol b

per f ormned |n 0 eac oca ane such ere are
M ti ”%‘?é'lﬁtt%rﬁ% gilcamy WN@P@%ltnglﬁéleﬁmHg %%a?sarf%are%h[t%%f Rhidhl Ste WM
within the first foca pl ane sel ected and the dedicated set of

pi xel .apptieelo thérpixgl sirgpabsaswoudrthbbe rapphied pixel bpsratewsdechderpirdldesbe
colum circuit would sanple these pixels. In the next tine slot the

physi @ald.piseldhesge tweok®rchange to point to the desired rom1in t he next
focal | ane and anot her set of dedicated pixel. |evel

2011/ iQ@B&Pcﬁ@mﬁfﬁeé%wrt bwabm%& redps R ISH 498 %[ﬁﬁlthé%}lﬁ%ShQran ey

Cocrdthe sy b ohphoifdecPle fodi€ Rihet Ut e BT sl e Bk rity ARELBHRC T he
care g débAYRC AR SATH) ﬁodone/%s%pdw@d.ﬁgh (St Sa8d B ARl AN Lo

sanmpl e "anot row I mager array, {ocess can egi n agai n.
Provi ¢aRg adsiMAaDyiyarSith bek Uit deRoSbOfeR d Wr&ﬁb@f&c@@ﬂﬂaﬂes%tfﬁﬁdhé irﬁBQér
benefit of the separate control. of the capture of inmage information
each faocal. . Thel ‘ameblel @nputsegehisatacayer srd hrutadiakbrdsy dlbfosapplants $é ea\chmt i on
vi deo capture without increasing the frame rate of the individual. focal.
pl aneghe [mov lesg fmtleﬂal\l/m\@csieéagwa dcerich foralnplane. Separajatsess ohpixki kgivel v
offset ol nt i n |t|o a the time delta between
f r amed "PiN9eSI9MFHE %Ogﬁﬁ bedieicaie %ue@s‘ }%caﬁP[Lfraa@ansgﬁt?ﬂévﬁgaaowdtmmgna@dof a
S|ngl f r e d -out
%PFE ool B CANE ARSBRRLY el LR PRI L B e
than tBe dkadeput of an |nd|V|duaI frame. For exanple, one focal. plane
can begin its frane read-out when another focal. plane is hal fway through
the rdaotoiit Réadduw Witlarach Bhedtafinne evatd depedrésrim e ubting sfts dadicasqt to e
rate is achieved without requiring the focal. planes to operate at double
speed.eakbviesalrplandhenclothaiuheiragre thilstesbamp@f’ roweddscdlranehe ttaan@rraerat hi s
overlapping frame read-out fromall foca anes neans that there

cont i MIA)s A Fegferoy wEhBuihsUirst [mipbqnecﬂ%hdab%f;%lﬁew atrxﬂpﬁf@adchvcaéﬁwssp%

P B e SRl PEHEt be Srels il BowdeRgenahs E”?Cr“?”?%r?*ﬁe%rf%t
perforquﬂg(ngHlPQ glheseo RERL AN eﬁ& tlﬂ%(éa%lt?he Bﬂgﬁc%@_ &r@ Wo@p&(kﬂgn
a rom

interv eposition the electron e end of a |ne or
frame gdomhittoehbesHatdnewoin theenhdx@XscdliplghOand babther!det 3 dbm%gﬁafd biRer evar e
typically blanking intervals between lines to allow the next |ine of pixels
to be addressed and the charge therein sanpled by a sanpling circuit. There
can al so be blanking intervals between frames to allow a | onger integration
time than the frame read-out time. o



WO 2011/ 143501PCT/ US2011/ 036349 [00180] For an array canmera operating in

sl ow notion capture node in accordance with an enbodi nent of the invention
t he framewoead/@siolis offset in tinme in all the focal. pCansgoi1zwads4e hat all
focal. planes will enter their blanking intervals at different points in
time. Therefore, there typically will not be a point in time where there is
no i mage data to transmt. Array caneras in accordance w th enbodi nents of
the invention can include a retinning FIFO nenory in the read-out path of
the i mage data such that an artificial. blanking period can be introduced
dur i ndiningna ginalsiwoeuldTheeapetidchin rig reWF@ costeporigain ythet arlemnt biecuitengeubiht a
to be transmtted fromall the focal. planes during the points in tine
wher e SaMladResR) Pixsler VAE. Priosesnivostdicareatungil alhdgsat phenasywithdbp momaaf

[ 0018 I er arrays in accordance w th enhodi ts .of the inventjon can
ot udbcalBRes MY EARieraraTopRRTE EAN 5 M A UBESiNE csmPad s nre e
bound f i al I ter al ; i | ] de t hose
mposei RS Sl Shothel SORIALILE implGaaT, OB LRI Al beuih 30atE s
focal. plane can be placed within the inage circle of each individual. |ens
st ack 308. Rraeidirans My Resituronestorbovageatamager array. Therefore, the
manuf acturing process of the lens elenents typically inposes a m ni num
spaci 1G0t78lt aAceadditibhal ibeaght wof( thee.sepanatei momirpl tafhtheetaspéuret oé inoogd .

pl anes). Anot her consideration in the focal. spacing comng fromoptical.
const rafoRMatios hyrrachegaak Rlaee v agtim@ger gy 'ﬁﬁg? aédﬂy b SHPP T £t@M Metipror der

to lim tical. . -talk b f .. Rl . [
accor QHIRSCLTREEe HBOUT Hsfee-iBg End 4Muents trNsHnrb 1) W fpect o ow

i ndi vi I I f : - pLer b ted
bt we o, VWA ear BETs el et B o MBI O R PR T ek

The opasifoAr EdREr£XihRndmdauitat PettRnSAARRs GQVeheOtARar&NFhrRaN 16N Ve the
addi tional . purpose of providing a sensor to optics bonding surface and

back fdstasedsipater reatheui ticwr & ®8ingle fraenaphnae ivhyget driagtobfering $uppgirnof
circle of the lens can result in some |evel of reflection back into the
focal .Ingerendent neathayt Bmsoefi therindividuaé femiplanesi e dpltapebresmtamesecaspt i cs

d the j | hi f
3311} P%e,%éngg%r%rs%{efﬁg%ﬁséfga'%‘3%«5'aﬁiugi?@?%-ggiovr\?%%mk?epaé fogalyplane can
i at | uti b i he .desi t.rai f ifi .
appl + Seffs Pt BEA-SAL PO o BT (EER i RN rEadn Fre B R i ng
di Stanpﬁ%e.icﬁﬁr%rﬂsa@ﬂ%éﬁ%rwpa R Mg qp&;c% tur%'Ha?é”sf‘ééﬁié\%d"\ﬁihlhomﬁsr_eﬁﬁmd ng

circuitry cluding ( not Iirmtwe o} SP circuits or other circuitry

utili zgrd feledliplgnden operaat ia@roabld HigeddTRHBIVeREN, A¥henl BEtPUOGN @ tied EE@RRS of
within the imager array can al so be broken up and i nplenmented wthin the
spaci nopadestfiamoehbebmween, Hu§ agenspdiogdramplraag¢dutisrary adutocapianeplaeansand
routing techniques, [00183] Although specific constraints upon the fl oor

pl ans tg‘?t fiheag i cat inapyis Anaggesiorquibdt- above, additional . constraints can be

pl ace fl.oor plans that engble the inpl enentalion of the various |ogic
01 rouilbUPER ¢ 8 erR B Tes AypRATH: TmblGne B QST W1 tiie bALUFTS AR Y dance
W th ef I, BN ' nt.Lon. di ir ch
WD RS,  he BMFTEL e LI ERY (SPRS TR <y LR oDt S
si | i clakignd TRPlAIA STASE to PRAfrALaABREHACSPEaRgn B TeR SEkaksRE, n0a foalr titat e
the imager array can all drive subtle variations in the inmager array
over alblagtietirntectalicuseditd tepokitpinathe ede & rdérShagmni fngmDBheansli dfya line or frame
to the beginning of the next line or frame. In an imager there are typically blanking
intervals between lines to allow the next line of pixels to be addressed and the charge

therein sampled by a sampling circuit. There can also be blanking intervals between

frames to allow a longer integration time than the frame read-out time.
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[00184] In many enbodi nents, the floor plan al so acconmodates focal. planes
that are designed to accommbdate an arrangenent that yields a preferred
sanpl i ng wWpwverigi4sip1of the scene (i.e. the pixels wthi nPomaSk@aamBe34pl ane
are collecting light froma slightly shifted field of viewwth respect to
other focal. planes within the inmager array). This can be achi eved through
a variety of techniques. In several. enbodinents, sanpling diversity is
achi eved by constructing the imger array so that the focal. planes are
relatively offset fromthe centers of their respective optical. paths by

di f f edl@818&Hubpoxeh anaunemerdopamgting meblaw retenb@ptete siidet ini aceirdgmrent
between the focal. planes and their respective |lenses. In many enbodi nents,

the opYifean .emh%i|'r@eg¥ of fhevingerdionpithe franeg reps-pyt §igffset emtime i@yyalhtheafﬁgﬁle

t hat correspond 0 subpi xel ift int i mage WO : S

2011/ PR Bas 04 TpEsetasey wil shtsihelrdla AT ERets ot diffesagt oints in
corre di i ol 2 )t b er.af i -SLJ

Cor  CSPREIIAGE SO B Gl by R o WIS PR o
parti gyl pansalt d ARGl eakrdd ahtaceartdhcedwil &Meodinh&itel eMehd Wietkiohegin ect s
the light to the pixel.) thus achieving a slight subpixel shift. In certain
enbodiiments,a tdteningcBlFO plean@y ar hecraasit owicpzith ol the jphagd dateasudigtisidn e
differences in pixel. pitch between focal. planes such that sanp]ing

di ver girtificiak bprdungi@griodr epbetintredgted siuridgl traasingrsant Tthel eatemibest I Febr
exanple, a 4.@ 4 inaﬁer array . can be constrg?ted nﬁhh focal . planes having
pi xel $ePCRRTFGRIRSARA 'MRER KatR HehS faRsytted fraam 21lghe docal phanqagurng t

3: 15 ;ﬁ)%llnqg(i‘n %er \w/mFrel bpatnrlk?lgsg ?HQR/%[ [ERER Uy of a variety of pixel.

i mensions and/or tTechnique of ‘rnproving sdnpling diversity anongst the
focal. planes within the inmager array can be utilized as appropriate to a
speci 3.6 |aRRkE adtdyIooAPIFOCAL PLANE TIM NG AND CONTROL CI RCUI TRY [ 00185]
Referring back to ' FIG la, inmager arrays in accordance w th enbodi nents of
t he i ng@ndiloninsager achyslem boaadangd anig &inbbdgnemd ofantrioventinr €an incyudb4
that controls the reset and read-out (hence integration) of the pixels in
each dfoorhBangdhat apg angsiwed e iMmineizensaiyjeen areaywithinethgbboynds of caraimmager
array jn accordance with enbodi ments of the inveption to provide .
f1 exi B1eP|any CPRSFRIALE ouPUdhdepidNegP At LAY .'ﬁwgﬁe%r%ftj@e foPicar es
i ncl udin b not, ILimted t.0), hi gh.dynam ¢ range inmaging,  high eed vi deo
and ereerbn 0 T SR mERkE SRt 6Tk ol tiR ek rd Ppiasd W BRE e
nom n%'ape%mllé)xf X Trlhid il (BADERRR d?Qthl@r‘isSaH%tyg)thﬁ)n@H)%%lov?Et‘lrlé ﬁ%a%awose
role is toindicate rows to receive pixel. level "charge transfer signals as
wel | agray. ovhsefaet 'fh@hﬁ?ﬂlféctﬁﬁihggﬁﬂa@é‘é bNEheal e@isVeBric@s typiddlly iefidses d | nes
enabling sanpling of the sense node of the pixels. In many SOC i nage arrays
i n accoindanoe spatihgedibadicaeon shefimalgers fiverd iromimbes @itthvbatekknndeaddakss
poi nters are expanded to 2XMXN rol |l i ng address pointers. The pointer pairs
for edddngsdcAInothgragrnsedarabipp H'érth%uﬂ‘b"ragﬁa?'lﬁ‘é e IrfeoR ttaal sorslcAINtoal .

588 1580 RBeS 250 LS50 Bt ho3REE L W bt
addr e%%txﬁé’érﬁ“f&éal%l{gﬁlg,,t ﬁﬁl-nlyq%agﬁ%%r Qﬁ{}&gliw é&o?@ar?c%b%‘h”&'?mtbtoflf LiYe dugntion

is illustrated 1 n oca ane timng and control. circuitry
400 i ngldiR® 8piABAlsolRW GRUMHINIdENZ2fRAM pleRct PRIMt&chadtHe®ss An0Bp&que
circuitry 404 and reset pointer address logic circuitry 406 associated with
each fhacakr cph Baereaftbe bghwobend theowptoaliptidrs ¢fGRljaend fedadpdneseliehianhe oy
sanpling of rows of pixels. In a nunber of enbodi nents, the gl obal row
count stad02 Teewpague bemior extende dogtrato theustrgorofoveowsass amd naa skocathe

pl ane. In_otrer enbodi nents, alternative gLob%kerOM/co%nters are utilized

f

as appidpranat PUBotHO! rRIQUIdinghBneeNT 10 SPHEY PoRdHShPHEaEs G PREK fees
poi nt er dress. | oqi. krecuitry 404 and, the rese iLnt er ress Lo

e r cutPrSaot®s nsflife i b s e U PER o PRER & B RS U
addr ess rhdiBvdINGr REMEKIAS b3ck URFS RS 18EalSBldneNISn SHERy asnbERFTRMNE the
direction and wndowng. In the i1llustrated enbodinent, there are Mx N
read poniglex istedplagseitwpen theromidr 856 th@gnager aektyt fesuReWnbaRedsé iofidig
shifts of each focal. plane read-out and reset positions (FP_offset[Xx,y])
are provided to the read pointer address logic and reset pointer address
logic circuits. These timng shifts qgg_be stored in configuration
registers within the imager array. Theé“value of the timng shifts can be
added to the global row counter value (nodulo the total. nunber of rows)
before translation to physical. addresses by the read pointer address |ogic
and the reset pointer address logic circuits. In this way, each focal.

pl ane can be provided with a progranmmable timng offset. In several.
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[ 00188] The system power managenent bias generation circuitry is configured
to provide current and or voltage references to analog circuitry such as
(but not Wormtied3ion) the reference voltages agai nst whi eoTArs2D036801 d
nmeasure the signal. to be converted against. In addition, system power
managenent and bias generation circuitry in accordance wth many

enbodi nents of the invention can turn off the current/voltage WO

2011/ 143501PCT/ US2011/ 036349 references to certain circuits when they are
not in use for power saving reasons. Additional. power nanagenent

t echnilguekve hatoceah toe dompérgeeribednusippgopeter snriegerbetanang cikiet rdesign
accordance wth enbodinments of the invention are discussed below. 5.1.
Power copgirmniaef 8gPpofeaopligHéomast er control. bl ock of an imager array in

accor wi th enbodj nents of .the invent.ion can man th ower
coneurl B0 181" o1 s RBSS el e oCT P ARG s DG FRRlDE S ARCSLBNAE Last foo

bl ock . - i . ni ng. of £ i cals.

duri nd'rnﬁo egﬁ%?(?')({)%selr% gﬁn Sle\ggu%es%ﬂélllIlr@glrgglttgutﬁﬂ&eog}é l[Jl{)llﬁoﬁéti lérp] tgggﬁ{ han
the fdp preli9s BRYEIROLirktierydeWliLRl dlifin§ YR8 opefeson affhd fh8§sn aRags The
generators, ADCs and other clocked circuits associated with the focal.

pl anedodihaircarte witdtin tisethage gpiragesh blsozbd lonudenppvward sheleendndednivmtihm e or
elimnate static and dynami c power draw. 5.1.1. Preventing Carrier

M gr atsiPeainBudiskp derrhigieve ePoreiacpoimio (ad 0ale 0gs s taeitempbe ilace|ande rading i n
a pomerﬁg.domn state, light is incident upon the pixels in its sub-array.

| nci ddRENHABEONS will continue to create charge carriers in the silicon
subst | f i xel s.dn ed- focal . n r eft floating,
the o) Bl iEya whefiry PR R the P88hcp b8 S, Bhdne” shise 7l |

bar r i efesPRKLNGbble, WRIM A QohERRINAD¥ah Wet NSEF Apbh Glodr PRAGE Bt GRablE e
created by the persistent photon flux will then be left to wander the

subst rigiptembhtatidesH tRXVeRBUS it eirui@Bfigie infigyeranraynacdifiéeeritetabs opttane
into an active focal. plane, and collect in the well of a pixel. in an

act i velefgealn aptendance heyhweounbddipeerdsr ohéoighyentsas urledmaoy bembodiments,

phot o- el ectrons that were generated within that pixel.. The result can be
the appedramestorue aamiFey sa%%eﬁﬁofrﬁénf@%rthmp@rtvagmtﬁ@ aktha@renggereraaused
by the tide of free carriers,mgrating.into the active focal. ane from
Che | e eltanierREGTE Sorieras Iy Firsubiisiindesoeeromsdde Toawse e BRmRET ga o
the m(?gFé;}; AN aftf @&Cﬁ?&fep%rriét%rﬁﬁ ?cnerQ f r é’r‘?a)f/ Qealall Bl @RS turkMhd floor
phot odi odes 1 n the pixels of an i1nactive Tocal.” planes are connected to the
power pearppl y via transistor switches wthin each pixel. such that the
pixel . well is held open to its maximum el ectrical potential.. Holding the
wel | open enabl es the photodi ode to constantly collect carriers generated
by t hel. é.icdadbemind Dgktrsignd t hus reduce the problem of carrier mgration from
an inactive imager. The transistors in each pixel. are part of the nornal

pi xel . 09}%@ t Befang §mbodipentsr Higstleer ghanealsamrcommadates frgal lanesibebl .

| ogic alo ith the rom/conEroIIers t hat i?ﬂﬁlymﬁhe transi stors tq hol d

t he v\é‘lrFsg%%g’ﬁ‘? to accommodate an arrangemen ds” a preferred sampling
diversity of the scene [i.e. the pixels within one focal plane are collecting light from a
slightly shifted field of view with respect to other focal planes within the imager array).
This can be achieved through a variety of techniques. In several embodiments,
sampling diversity is achieved by constructing the imager array so that the focal planes
are relatively offset from the centers of their respective optical paths by different
subpixel amounts through a relative subpixel shift in alignment between the focal

planes and their respective lenses. In many embodiments, the optical field of view are

"aimed” slightly differently by an angle that corresponds to a subpixel shift in the image
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5.1. 2. Standby Mode [00192] In many enbodi nents, reference pixels are used
in the calibration of dark current and FPN. In several. enbodi nents, the
power mansiQenan3ilrcuitry is configured to enabl e the pomaskeg/oseswn of the
pixels in a focal. plane in such a way that the reference pixels remain
active. In several. enbodinents, this is achieved by powering the ASP
during the readout of reference pixels but otherw se maintaining the ASP in
a |l ow power node. In this way, the focal. plane can be nore rapidly
activated by reducing the need to calibrate dark current and FPN when the

f ocal .(aplaammuritdesmkizan tipe sohd magle coseapoebng ¢ala oingtd pmellsimperrfumbedoti t h
respect to dark current. and FPN when the reference pixels are powered down
dur i ngnbrdimeptpaligiht snisreleps shifés Pebugen Hraafrcal ipkansishisr vithinsddionlierstheany
of a varj.ety of .partial..powerjn f gircuitr n pe ytilized t educe
Che " cubrLfii e Palh 3hylech gl b A B 4 Lo i BEeh Catlser isghEnigh o the
circuit | it h i t el LQn. NE
bara G AP SRE R RO s S0 Restalf oirbeamhed; e focdiharica e,

ar r ay ark RoASEQERANgieh Ibe_tt BANRE alibt & ATRGABEE B Fikelt fiecH HetRRehIBcdlpthmete
focal. plane data collation and framng logic circuitry that is responsible

for capthrthay shivlidgt divérsomy it heolidedl irrgsipaniese ahdppaskalggmgebheoldedreeesnt 0 a
contai ner in accordance with a predeterm ned container format. In a WO
2011/ T48330@PELE USZ01 1/ 0BBRA R rhaben bef cansboditer it fachk plnesUiaving aixets

he d f. ! 1 SSi b f ] f j
P S 18 AR R B L R AT,
I R S A

i nmpl e i I T it | tnlgdn ted
_’?ﬁ@l?c')wgg‘z%gﬁg)lﬁﬂg @YSrRPSEHMRANHE G4 M RTRES Wltleﬂ@llléJﬂhggerletrag)Q:an BdM

to, pi erformance, the optical. systemof the arfay canera, the

si i canilizedbsepbadriatesd a sprdifichgplivaudmct uri ng process used to fabricate
the imager array in accordance with enbodi nents of the invention. In

addition, imger arrays in accordance wi th enbodi nents of the invention can
be inﬁtE@@ﬁﬂégiﬁgEﬁ@Wﬁﬂ§Abﬂ)§005Fﬂﬁx9ﬁﬁﬂﬂgﬁﬁpes of pixels including but not

ol Bliok o e, o Pl Boragonal RSB A A

et T o HEL VBRI b UoAA sl ARPEBHR £l ™
reset and read-out (hence integration) of the pixels in each of the focal planes within the
Imager array. The ability of an imager array in accordance with embodiments of the
invention to provide flexibility in read-out and integration time control can enable
features including (but not limited to) high dynamic range imaging, high speed video and
electronic image stabilization.
[00186] Traditional image sensors nominally employ two rolling address pointers into
the pixel array, whose role is to indicate rows to receive pixel level charge transfer
signals as well as “row select” signals for connecting a given row to the column lines
enabling sampling of the sense node of the pixels. In many SOC image arrays in
accordance with embodiments of the invention these two rolling address pointers are
expanded to 2 X M X N rolling address pointers. The pointer pairs for each focal plane
can either address the same rows within each focal plane or can be offset from one

another with respect to a global reference.
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VWHAT IS CLAI MED | S: 1. An inmmger array, conprising: a
plurality of focal. planes, where each focal. plane conprises a two

di mensi omaiD.20avadvgenent of pi xel s having at | east two pCraisgoii3each

di rensi on and each focal. plane is contained within a region of the inager
array that does not contain pixels fromanother focal. plane;

control. circuitry configured to control. the capture of image information
by the pixels within the focal. planes, where the control. circuitry is
configured so that the capture of inmage information by the pixels in at

| east [0OWBHf Foealfpdend tinphgreesl tentselpadditesk youurt raoicughy &) aamdsamplwﬂ’tg
circuitry configured to convert pixel. outputs into digital. pixel. data.
2. Theni emgedineitagf tye t*JVaPH?fl Is Mé?téﬁtﬁdt'ﬁe':@ dhal The fegaldeng tirpnamad i s

Focal Copihalebiohd TeHul oral B Fou Coutefypy ahﬁ&%%d?ﬁ%@%%&%%“ e
wher elcr}chpg)éapk” 4 Fé%e?ﬁaﬁrﬂgfiladdp‘%s%n?o% % BirgLtd" a§§?<§atte\efowﬂhﬁ}ﬂl 1%'39!

array of anes ving at Teast’ three foca anes

di menglenNs. The global réw cbu@td Bmels g ohYl eéfeﬁéraﬂenﬂol,samﬁrr@l df foles ol pixaki ty
of focal. planées arranged as an N x Marray of focal. planes conprising at

| east Ihvaontiodelr.ofpdrahedinooné| gier gobbbb reaptaumeeb k02 dougtd froat O wadte tatel
focal. planes confiqured to capture green light, and at |east two focal.
pl anegw@@tmq glurews vothvap fe@lrdane.i dhtother embodiments, alternative global row

counters are utilized as appropriate to the requirements of a specific application. The
read pointer address logic circuitry 404 and the reset pointer address logic circuitry 406
translates the global row counter value to a physical address within the array as a
function of settings such as read-out direction and windowing. In the illustrated
embodiment, there are M x N read pointer and reset pointer address logic circuits. Row
based timing shifts of each focal plane read-out and reset positions (FP_offset[x,y]) are
provided to the read pointer address logic and reset pointer address logic circuits.
These timing shifts can be stored in configuration registers within the imager array.
The value of the timing shifts can be added to the global row counter value (modulo the
total number of rows] before translation to physical addresses by the read pointer
address logic and the reset pointer address logic circuits. In this way, each focal plane
can be provided with a programmable timing offset. In several embodiments, the
timing offsets are configured based upon different operational modes of the array

camera.

5. SYSTEM POWER MANAGEMENT AND BIAS GENERATION

[00188] The system power management bias generation circuitry is configured to
provide current and or voltage references to analog circuitry such as (but not limited to)
the reference voltages against which an ADC would measure the signal to be converted
against. In addition, system power management and bias generation circuitry in

accordance with many embodiments of the invention can turn off the current/voltage
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WO 2011/ 143501PCT/ US2011/ 036349 5. The imager array of claim1l,
wherei n each focal. plane conprises rows and colums of pixels. 6.
The i magewoOanrizm3®i claim 1, wherein the control. circulPCTyUS2GI108638¢ gur ed
to control. capture of image information by a pixel. by controlling the
resetting of the pixel.. 7. The inmager array of claim1, wherein
the control. circuitry is configured to control. capture of inmage
information by a pixel. by controlling the readout of the pixel..

8. The imager array of claim1l, wherein the control. circuitry is

confi gaferdntes tomtertdin aapitsr ehefi thepga el nbbhmraiﬂeofprbpowentaa@inlgi nepsione.
|ntegrat|on time of each pi xel I mger array of claim1,
wher eiAdlditRnad opewel .Menagamenty teghrignas dbate&aﬂobeOWﬂﬁal@merttﬁ% W8 eRAWVRIg of

|00 0 LTBLAC0, £, SO L18e 1y Rl 1% B 00, AL

confi g to control. the processing of image information by controlling

the bl'ack 1evel offset of each pixel.. 11. The inager array of
claim1l1, wherein the control. circuitry is configured to control. the
capt urel. dowdre@irmnbappat i on by controlling readout direction. 12.

The imager array of claim1ll, wherein the read-out direction is selected
f r om t{0@18flouphe oresitet ¢cngrcdfhlock of an imager array in accordance with embodiments

of the invention can manage the power consumption of the imager array. In many
embodiments, the master control block reduces power consumption by “turning off”
certain focal planes during modes of operation where the desired output resolution is
less than the full performance of the device. In such modes, amplifiers, bias
generators, ADCs and other clocked circuits associated with the focal planes that are
not used are placed in a lower power state to minimize or eliminate static and dynamic

power draw.

5.1.1. Preventing Carrier Migration During Imager Power Down

[00190] Despite a focal plane being in a powered down state, light is incident upon the
pixels in its sub-array. Incident photons will continue to create charge carriers in the
silicon substrate. If the pixels in a powered-down focal plane are left floating, the
charge carriers will fill the pixel well and deplete the potential barrier making it unable
to trap any further carriers. Excess carriers, created by the persistent photon flux will
then be left to wander the substrate. If these excess carriers wander from an inactive
focal plane into an active focal plane, and collect in the well of a pixel in an active focal
plane, they would be erroneously measured to be photo-electrons that were generated
within that pixel. The result can be the appearance of blooming around the periphery of
the active imager caused by the tide of free carriers migrating into the active focal plane

from the inactive neighbors.
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top to bottom and bottomto top. WO 2011/ 143501PCT/ US2011/ 036349

13. The inmager array of claim1ll, wherein the read-out direction is

sel ect ed woamtaasogr oup consisting of: left to right; amdTAiSQé/ 086349 ef t .
14. The imger array of claim1l, wherein the control. circuitry is
configured to control. the capture of image information by controlling the

readout region of interest. 15. The inager array of claiml
wherein the control. circuitry is configured to control. the capture of
i mage information by controlling horizontal. sub-sanpling. 16. The

i magerd0@t9Hy o6 roitigeta the whigradiom vhexassateasriers fraaiinagtiviesfocanpliagesethe o

control. the capture of inage inforpmation by controllin% vertical.

sub- s@mgfedigdes in the pixels of an inactive focal planes are connected'to the power supply
via transistor switches within each pixel such that the pixel well is held open to its
maximum electrical potential. Holding the well open enables the photodiode to
constantly collect carriers generated by the incident light and thus reduce the problem
of carrier migration from an inactive imager. The transistors in each pixel are part of

the normal pixel architecture i.e. the transfer gate, and it is the master control logic

along with the row controllers that signal the transistors to hold the wells open.

5.1.2.5tandby Mode

[00192] In many embodiments, reference pixels are used in the calibration of dark
current and FPN. In several embodiments, the power management circuitry is
configured to enable the powering down of the pixels in a focal plane in such a way that
the reference pixels remain active. In several embodiments, this is achieved by
powering the ASP during the readout of reference pixels but otherwise maintaining the
ASP in a low power mode. In this way, the focal plane can be more rapidly activated by
reducing the need to calibrate dark current and FPN when the focal plane is woken up.
In many instances, calibration is performed with respect to dark current and FPN when
the reference pixels are powered down during the low power state of the focal plane. In
other embodiments, any of a variety of partial powering of circuitry can be utilized to
reduce the current drawn by a focal plane and its associated peripheral circuitry in

accordance with embodiments of the invention.

6. FOCAL PLANE DATA COLLATION AND FRAMING LOGIC

[00193] Referring again to FIG. 1a, imager arrays in accordance with several
embodiments of the invention include focal plane data collation and framing logic
circuitry that is responsible for capturing the data from the focal planes and packaging

the data into a container in accordance with a predetermined container format. In a
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17. The imager array of claim1l, wherein the control. circuitry is
configured to control. the capture of image information by controlling

pi xel . chaogeti4ddvilng. 18. The imger array of eCaiusedyl/0343¢?ei n the
imager array is a nonolithic integrated circuit inager array. 19.
The imager array of claim1l1, wherein a two dinensional. array of adjacent
pi xels in at | east one focal. plane have the sane capture band. 20. The
i mger array of claim 19, wherein the capture band is selected fromthe
group consisting of: blue light; WO 2011/ 143501PCT/ US2011/ 036349 cyan

| i ght ;nuextten dédnolod dmelnitghthec onrpuitsi atsovipséfidres| thghtlatan fom éansimésian rd
light; green | idght; infra-red |ight; magenta | ig?ht; near-infra red |ight;
red | ighterming data transformations including but not limited to any bit reduction to the

data (e.g. 10 bit to 8 bit conversion).

[00194] Although specific imager array architectures are described above, alternative
Imager array architectures can be used to implement. Imager arrays based upon
requirements, including but not limited to, pixel size/performance, the optical system of
the array camera, the silicon real-estate cost, and the manufacturing process used to
fabricate the imager array in accordance with embodiments of the invention. In
addition, imager arrays in accordance with embodiments of the invention can be
implemented using any of a variety of shapes of pixels including but not limited to
square pixels, rectangular pixels, hexagonal pixels, and a variety of pixel shapes.
Accordingly, the scope of the invention should be determined not by the embodiments

illustrated, but by the appended claims and their equivalents.
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yellow light; and white light. 21.The imager array of claim1, wherein: a
first array of adjacent pixels in a first focal. plane have a first capture
band; WO 2011/143501 a second array of adjacent pixels i RrCa/Useciaosb3fiocal .

pl ane have a second capture band, where the first and second capture bands
are the sane; the peripheral, circuitry is configured so that
the integration tinme of the first array of adjacent pixels is a first tinme
peri od; and t he peripheral, circuitry is configured so that
the integration tinme of the second array of adjacent pixels is a second
time pEHAGDS ChAdMEDtIRe second tine period is longer than the first tine
peri od. 21. The imager array of claim1l, wherein at |east one of
the focal. planes includes an array of adjacent pixels, where the pixels in
the array qf adjaant ixels are configured to capture different colors of

light. _ o) "iAhYe PR &Y Gf claim 21, wherein the array of
adj acent pi xel s aemr%Yi?y 3¢ BVl ptdrlels?rwfp@rlet €56h focal plane comprises a two

dimensional arrangement of pixels having at least two pixels in each dimension and
each focal plane is contained within a region of the imager array that does not contain
pixels from another focal plane;

control circuitry configured to control the capture of image information by
the pixels within the focal planes, where the control circuitry is configured so that the
capture of image information by the pixels in at least two of the focal planes is
separately controllable; and

sampling circuitry configured to convert pixel outputs into digital pixel

data.

2. The imager array of claim 1, wherein the plurality of focal planes is
arranged as a two dimensional array of focal planes having at least three focal planes in

one dimension.

3. The imager array of claim 1, wherein the plurality of focal planes is
arranged as a two dimensional array of focal planes having at least three focal planes in

both dimensions.

4. The imager array of claim 1, wherein the plurality of focal planes arranged
as an N x M array of focal planes comprising at least two focal planes configured to
capture blue light, at least two focal planes configured to capture green light, and at

least two focal planes configured to capture red light.
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WO 2011/ 143501PCT/ US2011/ 036349 23. The imager array of claim 22,
wherein: the plurality of focal. planes is arranged as a 2 x 2 array of

focal . plaioes11/143501 a first focal. plane in thecamsagiosedfiocal .
pl anes includes an array of adjacent pixels that enploy a Bayer filter
pattern; a second focal. plane in the array of focal. planes

i ncludes an array of adjacent pixels configured to capture green |light;
athird focal. plane in the array of focal. planes includes an array of

adj acent pixels configured to capture red light; and a fourth
focal . pl arse in Theemmgeapricly dfatam 1 phberesn eadi edekplaneaonayrisfs radjsareht

pi xel s configured to capture blue |ight. 24. The imager array of

cl ai mePUMAREf BiXElsthe plurality of focal. planes is arranged as a two

di rensional. array of focal. planes haying at |least three focal. planes in

one di nensi on. 25. The imager array of claim 22, wherein the
plurality of focal.: i ange - | i.0nal - Lk
Focar. plares hay e sy o e B o BT R oDl R R L OA i Bl 1o

control capture of image information by a pixel by controlling the resetting of the pixel.

7. The imager array of claim 1, wherein the control circuitry is configured to

control capture of image information by a pixel by controlling the readout of the pixel.

8. The imager array of claim 1, wherein the control circuitry is configured to

control capture of image information by controlling the integration time of each pixel.

9. The imager array of claim 1, wherein the control circuitry is configured to
control the processing of image information by controlling the gain of the sampling

circuitry.

10.  The imager array of claim 1, wherein the control circuitry is configured to
control the processing of image information by controlling the black level offset of each

pixel.

11.  The imager array of claim 1, wherein the control circuitry is configured to

control the capture of image information by controlling readout direction.

12.  The imager array of claim 11, wherein the read-out direction is selected
from the group consisting of:
top to bottom; and

bottom to top.
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26. The imager array of claim1l, wherein the control. circuitry conprises a
gl obal counter. 27. The imager array of claim26, wherein the
control . worou/t4s3p1i s configured to stagger the start peCHGsS2@f/o363agye
read-out such that each focal. plane has a controlled tenporal. offset with
respect to a global counter. WO 2011/ 143501PCT/ US2011/ 036349 28.
The i mager array of claim 26, wherein the control. circuitry is configured
to separately control. the integration tines of the pixels in each focal

pl ane based upon the capture band of the pixels in the focal. plane using

t he gl obal counter. 29. The inmager array of claim 26, wherein the
control. circuitry is configured to separately control. the frame rate of
each focal .13pl addepazaaersory ehelagnobhiwherght gve read-out dirggtiompe selegkre
arrayfof éain126 whqreiw_the control. circuitry further conprises a pair
of poi FABEe BERUREXEFTIRGST I ane. 31. The inmmger array of claim
30, wherein the 1 .b en the pointers specifies an integration tine.
32. The i mager é€$g§?®PP§%§Fﬁ13O, wherein the of fset between the pointers
i's programmabl e.rightto left. 33. The imager array of claim1, wherein the
control. circuitry conprises a row controller dedicated to each focal

pl ane.

14.  The imager array of claim 1, wherein the control circuitry is configured to

control the capture of image information by controlling the readout region of interest.

15.  The imager array of claim 1, wherein the control circuitry is configured to

control the capture of image information by controlling horizontal sub-sampling.

16.  The imager array of claim 1, wherein the control circuitry is configured to

control the capture of image information by controlling vertical sub-sampling.

17.  The imager array of claim 1, wherein the control circuitry is configured to

control the capture of image information by controlling pixel charge-binning.

18.  The imager array of claim 1, wherein the imager array is a monolithic

integrated circuit imager array.

19.  The imager array of claim 1, wherein a two dimensional array of adjacent

pixels in at least one focal plane have the same capture band.
20.  The imager array of claim 19, wherein the capture band is selected from

the group consisting of:

blue light;
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34. The imager array of claim1, wherein: the inmager array includes an
array of Mx N focal. planes; the control. circuitry
conpri seswa 20imgB®1r ow decoder circuit configured to ad#ceds2@anbe3now of
pi xel s in each row of Mfocal. planes. 35. The imager array of
claim 34, wherein: WD 2011/143501PCT/ US2011/ 036349 t he
control. circuitry is configured to generate a first set of pixel. |evel
timng signals so that the row decoder and a colum circuit sanple a first
row of pixels within a first focal. plane; and the control.
circuitry is comyaglpbt to generate a second set of pixel. level tinming
signals so that the row decoder and a colum circuit sanple a second row of
pi xel s within aeXtiuled balightgogmaising visible light anthaeprmafes red bafjtiof cl ai m
1, wherein each focall.. Pl ane has dedi cated sanpling circuitry.

green light;

infra-red light;

magenta light;

near-infra red light;

red light;

yellow light; and

white light.

21.  The imager array of claim 1, wherein:

a first array of adjacent pixels in a first focal plane have a first capture
band;

a second array of adjacent pixels in a second focal plane have a second
capture band, where the first and second capture bands are the same;

the peripheral circuitry is configured so that the integration time of the
first array of adjacent pixels is a first time period; and

the peripheral circuitry is configured so that the integration time of the
second array of adjacent pixels is a second time period, where the second time period is

longer than the first time period.
21.  The imager array of claim 1, wherein at least one of the focal planes
includes an array of adjacent pixels, where the pixels in the array of adjacent pixels are

configured to capture different colors of light.

22.  The imager array of claim 21, wherein the array of adjacent pixels employs

a Bayer filter pattern.
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37. The imager array of claim1l, wherein at |east a portion of the sanpling
circuitry is shared by a plurality of the focal. planes. 38. The
i mager arwayoofi4gioai m 37, wherein: the inmager array i nclpatas2@n/oa3nay of M
x N focal. planes; the sanpling circuitry conprises M anal og
signal. processors (ASPs) and each ASP is configured to sanple pixels
read-out from N focal. planes. 39. The imager array of claim 38,
wher ei n: each ASP is configured to receive pixel. output
signals fromthe N focal. planes via N inputs; and each ASP is configured
to sequentially process each pixel. output signal. on its N inputs.
40. The ina%er array of claim38, wherein:.
23.  Theimager array of claim 22, wherein:
the plurality of focal planes is arranged as a 2 x 2 array of focal planes;
a first focal plane in the array of focal planes includes an array of adjacent
pixels that employ a Bayer filter pattern;
a second focal plane in the array of focal planes includes an array of
adjacent pixels configured to capture green light;
a third focal plane in the array of focal planes includes an array of
adjacent pixels configured to capture red light; and
a fourth focal plane in the array of focal planes includes an array of

adjacent pixels configured to capture blue light.

24.  The imager array of claim 22, wherein the plurality of focal planes is
arranged as a two dimensional array of focal planes having at least three focal planes in

one dimension.

25.  The imager array of claim 22, wherein the plurality of focal planes is
arranged as a two dimensional array of focal planes having at least three focal planes in

both dimensions.

26.  The imager array of claim 1, wherein the control circuitry comprises a

global counter.
27.  The imager array of claim 26, wherein the control circuitry is configured to

stagger the start points of image read-out such that each focal plane has a controlled

temporal offset with respect to a global counter.
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the control. circuitry is configured so that a single common anal og pi xel.
signal. readout line is shared by all pixels in a group of N focal. planes;
and WO 28020143501 PCT/ US2011/ 036349 t he ®omfusedL1/0aé3ncuitry
is configured to control. the capture of inage data to time nultiplex the
pi xel . output signals received by each of the M ASPs. 41. The

i mger array of claim 37, wherein: the inager array includes an array of M
x N focal. planes; the sanpling circuitry conprises a
plurality of anal og signal. processors (ASPs) and each ASP is configured to
sanpl e pi xel8s r dad-iagef morayafglaimalé twherteirf beatantpilames)try is configured to  t he
control. circuitry is configured so that a single common anal og pi xel .

si gnalsePpedgbutontigidhe wtga@g@@ tyypealof thy REpls inpachdoplurane pysest Uptthe

pl anes; and : . the control. circuit S configured to control.
bhe c4aPIHE hondiofde Plstsin Be Pel miens PEna e ALeha Seitesut put i gnal s
received by each of the plurality of ASPs.

29.  The imager array of claim 26, wherein the control circuitry is configured to

separately control the frame rate of each focal plane based upon the global counter.

30.  The imager array of claim 26, wherein the control circuitry further

comprises a pair of pointers for each focal plane.

31.  The imager array of claim 30, wherein the offset between the pointers

specifies an integration time.

32.  The imager array of claim 30, wherein the offset between the pointers is
programmable.
33.  The imager array of claim 1, wherein the control circuitry comprises a row

controller dedicated to each focal plane.
34.  The imager array of claim 1, wherein:
the imager array includes an array of M x N focal planes;
the control circuitry comprises a single row decoder circuit configured to

address each row of pixels in each row of M focal planes.

35.  The imager array of claim 34, wherein:

-57-



42. The imager array of claiml, wherein the sanpling circuitry conprises
anal og front end (AFE) circuitry and anal og-to-digital. conversion (ADC

ci rcui trywo02011/14350143. The i mager array of claim 42, whecgius2atheisanpl i ng
circuitry is configured so that each focal. plane has a dedi cated AFE and
at |l east one ADC is shared between at |east two focal. planes. 44,
The inmager array of claim43, wherein the sanpling circuitry is configured
so that at |east one ADC is shared between a pair of focal. planes.

45. The imager array of claim43, wherein the sanpling circuitry is
configured so thhée @ntiodagtcunime iAanifiguséIhrt@cgemerawem frotirsef od ahixelplesnles.
WO 2011/ 143501PCT/ US2011/ 036349 . The imager array of clai m 45,
wher e|twnmﬁélgraa+ﬁ|5pﬁaabthecrlﬂw Agcqder @ara g@:lruaw gihcyihgample pdist rapef peels s
shared . F [ % focal . planes. 47. The imager array of
cl ai m"ﬂ Eor?a ”§aﬁ5 ing circuitry is configured so that at |east one

AFE is shared b h g rray
of claim47, mgb‘\é\ﬁﬁﬂ%rﬁleggjéblt i nggééﬁ, (l:Jlelg(ltj %%’%ne%{ﬁﬁ fcjﬁcroée]rﬁj s (?ha?gt v%é’eﬁai rs
of fOQﬁﬁmgP&@ﬁﬁ% sld"ﬁﬁatecﬁ@kro&haé&)cﬁﬁ eﬁchEaQ%'lurﬂﬁtle@Jleélﬂ@[&a%cﬁm-row of

pixels within a second focal plane.

36.  The imager array of claim 1, wherein each focal plane has dedicated

sampling circuitry.

37.  The imager array of claim 1, wherein at least a portion of the sampling

circuitry is shared by a plurality of the focal planes.

38.  The imager array of claim 37, wherein:
the imager array includes an array of M x N focal planes;
the sampling circuitry comprises M analog signal processors (ASPs] and

each ASP is configured to sample pixels read-out from N focal planes.

39.  The imager array of claim 38, wherein:
each ASP is configured to receive pixel output signals from the N focal
planes via N inputs; and
each ASP is configured to sequentially process each pixel output signal on

its N inputs.
40.  The imager array of claim 38, wherein:

the control circuitry is configured so that a single common analog pixel

signal readout line is shared by all pixels in a group of N focal planes; and
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49. The imager array of claiml, wherein the control. circuitry is
configured to separately control. the power down state of each focal. plane
and assocweted/WaB#Ici rcuitry or processing tinneslot theceius2011/036349 50.
The i mager array of claim49, wherein the control. circuitry configures the
pi xel s of at |east one inactive focal. plane to be in a constant reset

state. 51. The inmager array of claim1l, wherein at |east one focal
pl ane i ncludes reference pixels to calibrate pixel. data captured using the
focal . plane. 52. The imager array of 51, wherein:

t he control. cirtbeiconirol sirconify iguraadigtioed épacmitrel thecoapituod of trhegedakr tadown
state of the focal. plane's associated AFE circuitry or processing

t i nnedinoe MHEPkExthe ghel output signals receivpd yoeaghosf theiM 83Psry is confi gured
to power down the focal. plane's associated AFE circuitry or processing
tinneslot therein w thout powering down the associated AFE circuitry or

processing g nanhleq];natglggraﬂié} Jf%[aiﬁweﬁﬂ%ergfn:t he reference pixels of the

focal . pl ane.
the imager array includes an array of M x N focal planes;

the sampling circuitry comprises a plurality of analog signal processors
(ASPs) and each ASP is configured to sample pixels read-out from a plurality of focal
planes;

the control circuitry is configured so that a single common analog pixel
signal readout line is shared by all pixels in the plurality of focal planes; and

the control circuitry is configured to control the capture of image data to

time multiplex the pixel output signals received by each of the plurality of ASPs.

42.  The imager array of claim 1, wherein the sampling circuitry comprises

analog front end (AFE] circuitry and analog-to-digital conversion (ADC] circuitry.
43.  The imager array of claim 42, wherein the sampling circuitry is configured
so that each focal plane has a dedicated AFE and at least one ADC is shared between at

least two focal planes.

44.  The imager array of claim 43, wherein the sampling circuitry is configured

so that at least one ADC is shared between a pair of focal planes.

45.  The imager array of claim 43, wherein the sampling circuitry is configured

so that at least one ADC is shared between four focal planes.
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46.  The imager array of claim 45, wherein the sampling circuitry is configured

so that at least one AFE is shared between at least two focal planes.

47.  The imager array of claim 46, wherein the sampling circuitry is configured

so that at least one AFE is shared between a pair of focal planes.

48.  The imager array of claim 47, wherein the sampling circuitry is configured

so that two pairs of focal planes that each share an AFE collectively share an ADC.

49.  The imager array of claim 1, wherein the control circuitry is configured to
separately control the power down state of each focal plane and associated AFE

circuitry or processing timeslot therein.

50.  The imager array of claim 49, wherein the control circuitry configures the

pixels of at least one inactive focal plane to be in a constant reset state.

51.  The imager array of claim 1, wherein at least one focal plane includes

reference pixels to calibrate pixel data captured using the focal plane.

52.  Theimager array of 51, wherein:
the control circuitry is configured to separately control the power down
state of the focal plane’s associated AFE circuitry or processing timeslot therein; and
the control circuitry i1s configured to power down the focal plane's
associated AFE circuitry or processing timeslot therein without powering down the
associated AFE circuitry or processing timeslot therein for readout of the reference

pixels of the focal plane.
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