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SENSOR. FIELD OF THE INVENTION [0001] This invention relates to
imager devices and, in particular, to improved light sensitivity in pixel
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[0003] By contrast, digital imagers comprise an array of pixel cells, each
one of the pixel cells including a photoconversion device, ¢.g., a photodiode gate,
photoconductor, or a photodiode, for convctfting light into an electrical charge. Ina
CMOS imager, a readout circuit is connected to each pixel cell, which typically
includes a source follower output transistor. The photoconversion device converts
photons to electrons which are typically transferred to a floating diffusion region

“connected to the gate of the source follower output transistor. A charge transfer
device (e.g., transistor) can be included for transferring charge from the
photoconversion device to the floating diffusion region. In addition, such imager
cells typically have a transistor for resetting the floating diffusion region to a
predetermined charge level prior to charge transference. The eutputt of the source

follower transistor is gated as an output signal by a row select transistor.



predetermined charge level prior to charge transference. The output of the
source follower transistor is gated as an output signal by a row select
transistor. 1 WO 2006/014641 PC77US2003/025579 [0004] In color
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[0006] A monochromatic imager is able to take advantage of the NIR
energy. The pixel cells in a monochromatic imager have neither color nor NIR
blocking filters, and are therefore more sensitive to lower levels of incident light,

including NIR energy. However, monochromatic imagers are incapable of

capturing color information of images.

[0007] There is a desire and need for a color imager that can provide

better images in low light conditions.

BRIEF SUMMARY OF THE INVENTION
[0008] Exemplary embodiments of the present invention provide an

imager having color sensitivity and low light response sensitivity by replacing at least
2



capturing color information of images, [0007] There is a desire and need
for a color imager that can provide better images in low light conditions. 13
F SUMMARY OF THE INVENTION [0008] Exemplary embodiments of the
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response sensitivity by replacing at least 2 WO 2006/014641
ot T S8R /RikR A€ ATt ePk tiﬂléﬁrﬁi?a@m{ﬁw@%%lﬁt_%f color
array with a pixel without any color filter. A different integration period for
filtse rivdidstenpiretecanasaredafitArtHe colaredilestidchseirparay wish e color
AR TR PIRNBIE, ARG DAL OLIRRAIEER 62 'Qéﬂff'a%f% %eé]%ks?_é&&
Bayer pattern array may be replaced by an unfiltered pixel. [0009] Since
filtlsec g potolsoriveebsiongratics cithenafite redlpisé by aphinsleerphipiadiode,
will likely saturate before any of the color filtered pixels, exemplary

emiygiments afthe dnyentien: provideihe wrfilterad channels WAt Quch as o
shorter mtearatlon period than those of the colored channels. [0010

Phatediods e iy ob e frvertiom avittloe flisreccrizsly wivamsod

odiopuihe drlioningdeiailed geseipionhichds Provided i eanagetion

~ with the accompanying drawings. BRIEF DESCRIPTION OF THE

InsrARMNES YR e eidbsieosedisbranedy of prior art; [001.2] FIG. 2
depicts a pixel array according to one embodiment of the present

inpeotion; [0013hEd&ard! depietr e adidlraesadinginoenadelcarly
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BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 depicts a pixel array of prior art;
[0012] FIG. 2 depicts a pixel array according to one embodiment of the

present invention;

[0013] FIG. 3 depicts a pixel array according to another embodiment of

the present invention;

[0014] FIG. 4 1s a block diagram of an imaging device;

[0015] FIG. 5 is a schematic diagram of a four-transistor (4T) pixel cell of
prior art;

[0016] FIG. 6 is a schematic diagram of a four-pixel cell group according

to the embodiment of FIG. 2;

[06017] FIG. 7 is a timing diagram illustrating the operation of the pixel
cell of FIG. 6;



prior art; [0016] FIG. 6 is a schematic diagram of a four-pixel cell group
according to the embodiment of FIG. 2; [0017] FIG. 7 is a timing diagram
illustrating the operation of the pixel cell of FIG. 6; 3 WO 2006/014641
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[0021} The term “substrate” is to be understood as a semiconductor-
based material including silicon, silicon-on-insulator (8OT) or silicon-on-sapphire
(8OS) technology, doped and undoped semiconductors, epitaxial layers of silicon
supported by a base semiconductor foundation, and other semiconductor structures.
Furthermore, when reference is made to a “substrate” in the following description,
previous process steps may have been utilized to form regions or junctions in or over
the base semiconductor structure or foundation. In addition, the semiconductor
need not be silicon-based, but could be based on silicon-germanium, germanium, or

gallium arsenide.

[0022] The term “pixel” refers to a picture clement unit cell containing a
photosensor and transistors for converting light radiation to an electrical signal. For
purposes of illustration, a representative pixel is illustrated in the figures and
description herein and, typically, fabrication of all pixels in an imager will proceed
simultaneously in a similar fashion. The following detailed description ié, therefore,
not to be taken in a limiting sense, and the scope of the present invention is defined

by the appended claims.



gallium arsenide. [00221 The term "pixel" refers to a picture element unit
cell containing a photosensor and transistors for converting light radiation
to an electrical signal. For purposes of illustration, a representative pixel
WisZiedt4téd in the figures and description herein and, typicaty fabricatissyo
of all pixels in an imager will proceed simultaneously in a similar fashion.
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circuit is provided for each pixel cell and includes at least a source
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a plurality of pixels arranged in a predetermined

[0024] FIG. 5 illustrates a block diagram of a CMOS imager device 108
having a pixel array 100 with each pixel cell being constructed as described above.
The pixel array 100 comprises a plurality of pixels arranged in a predetermined -
number of columns and rows. The pixels of each row in the array 100 are all turned
on at the same time by a row select line, and the pixels of each column are selectively
output by respective column select lines. A plurality of row and column lines are
provided for the entire array 100. The row lines are selectively activated by a row
driver 145 in response to a row address decoder 155. The column select lines are
selectively activated by a column driver 160 in response to a column address decoder

170. Thus, a row and column address is provided for each pixel.

[0025] The CMOS imager 100 is operated by a control circuit 150 thét
controls address decoders 155, 1.7() for selecting the appropriate row and column
lines for pixel readout, and row and column driver circuitry 145, 160 that apply
driving voltage to the drive transistors of the selected row and column lines. The
pixel column signals, which typically include a pixel reset signal Vrst and a pixel

image signal Vsig for each row selected pixel in a column are read by sample and
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number of columns and rows. The pixels of each row in the array 100 are
all turned on at the same time by a row select line, and the pixels of each
column are selectively output by respective column select lines. A
WglyHdity46row and column lines are provided for the entireramayh00025579
The row lines are selectively activated by a row driver 145 in response to
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[0027] According to one exemplary embodiment of the present invention,
at least one of the pixels with a color filter in a Bayer pattern array may be replaced
with a pixel without any color filter, as shown in FIG. 2. In the embodiment
illustrated, one of the two green color filtered pixels is replaced by a pixel without a
color filter. A red color filtered pixel AA and a green color filtered pixel BB share a
first row and an unfiltered pixel CC and a blue color filtered pixel DD share a second
row, such that the red color filtered pixel AA shares a first column with unfiltered
pixel CC and the green color filtered pixel BB shares a second column with blue

color filtered pixel DD,

[0028] Because the color filters diminish transmissivity, the color filrered
pixels in such an array will saturate slower than the unfiltered pixels. Accordingly,
the non-color filtered pixel may be provided with a shorter integration time than the
color-filtered pixels. Additionally, when a pixel is provided to capture light intensity,

size, shape and brightness information, rather than color, it may be possible to take
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the human eye, it is also used for luminance information. Other color filter
patterns may contain cyan, magenta, and yellow color filters, which will
also capture light information from the visible spectrum. [00271 According
Wep2tedeedmplary embodiment of the present invention, at leastsmnesabihe
pixels with a color filter in a Bayer pattern array may be replaced with a
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integration time, than the color-filtered pixels., Additionally, when a pixel is
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pixel, a NIR filter may also he eliminated from the non-pixel in order to
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3pmeliscl BB has a photosensor 26b and transfer gate 30b, pixel CC has a
photosensor 26¢ and transfer gate 30c¢, and pixel DD has a photosensor 26d and
transfer gate 30d. Unlike the pixel cells of prior art, each of these pixels AA-DD do
not have their own readout circuits. Rather, all four pixels share a floating diffusion
node 28’, reset gate 32°, source follower transistor 34’, and row select transistor 36’

in, for example, a shared-row, shared-column architecture.

[0031] Once the charges are generated by the phétosensors 26a-d,
respective transfer gates 30a-d transfer the charges one at a time to the floating
diffusion node and are applied to the readout circuit one at a time. FIG. 7 illustrates
exemplary charge integration and transfer gate timing diagrams for the pixel cells
AA-DD according to the present invention. The signals in FIG. 7 can be provided
by timing and control circuitry similar to circuitry 150 in FIG. 5. The timing
diagram of FIG. 7 begins at a point in time of readout of previously accumulated

charges in the pixels AA, BB, CC, and DD.

[0032] At T1, the row select transistor 36” (RS) is turned on. Each of the

pixels AA-DD have accumulated charges that are sampled individually for readout.
7



integration time. [0030] In another exemplary embodiment, each group of

four pixels AA- DD in FIG. 2 shares one readout circuit. The readout

circuit typically comprises floating diffusion node, reset gate, source
Wbt r4nsistor, and row select transistor. As shown in BIGL/6S il 28559
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circuitry similar to_circuitry 150 in FIG. S. The timing diagram of FIG. 7
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(RS) is turned on. Each of the pixels AA-DD have accumulated charges
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For lllustration, FIG, 7 shows readout in the order of plxels CC, AA,
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at time T3. Then the non-color fiItered(Fier CC is sampled after
pixels are actually read out, with the red and green color filtered pixels being in a

first row and the non-color filtered and blue color filtered pixels being in a second
row. After these two rows are read, the next two rows are read. Also in this

architecture, two adjacent pixels in a row share a column line.

[0033] At time T8, all of the transfer gates and the reset transistor are
turned on to dump any residual photodiode charges and reset the circuit in
preparation for charge integration. Each pixel then begins its own charge
ini:cgration period when the transfer gate turns off, i.c., TGU, TGR, TGB, TGG go
low. The integration period ends when the transfer gate of a pixel turns on again to
transfer charge to the floating diffusion region. The beginning of each pixel’s
integration period is controlled by the timing and control for the pixel array, which
may be hard coded based on the transmissivity of each color filter or dynamically

controlled for different lighting conditions.

[0034] Thus, in FIG. 7, the blue color filtered pixel DD starts its
integration period first, at time T9, when the transfer gate 30d (TGB) is closed.

The blue color filtered pixel DD starts its integration period at time T9, when the
8



its transfer gate 30c (TGU) is pulsed at time T4, followed by a pulse of the
sample and hold signal circuit (SHS) taking the output signal Vsig-CC at
time T5. The reset transistor 32' (RST) is pulsed again at T6 to begin the
Weyéhe/fotdadmpling the red color filtered pixel AA (TGR). Sarapiesmasigdeo
reset circuit (SHR) and sample and hold signal circuit (SHS) are also
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pifies DB HESTO1 wheTHb etk ARSiok gaeodQst iEEBhis, Yosedsaddieohl us:

calor filtered pixel DD starts jts integration period at time T9, when the 8
sensitivity of the pixel and its ability to capture light given the transmissivity of the
color filter over it. In the example described above, blue color filtered pixels tend to
be less sensitive to light and therefore require a longer integration time to
accumulate charge. Therefore, a blue color filtered pixel DD may have the longest
charge integration period. Similarly, an non-color filtered pixel CC may have a
shorter charge integration time, since non-color filtered pixels saturate faster. It is
also possible to set all the color filtered pixels to the same charge integration period,
while setting the non-color filtered pixel to the shortest integration time. It should
be noted that the order in which the pixels are sampled is not limited to the order
described above. The timing of operation of the four pixel group, as described

above, is only an illustration of how the integration and readout periods can be

arranged.

[0036] For simplicity, the circuit shown in FIG. 6 illustrates one group of
four pixels. Fowever, this four-pixel group would be repeated throughout a pixel

array 100 in FIG. 5. By replacing a color filtered pixel with an non-color filtered



WO 2006/014641 PCIYUS2005/025579 transfer gate 30b (TGB) is
closed. At time T10, the red color filtered pixel AA starts its integration
period when the transfer gate 30a (TGR) is closed, the non- color filtered
WEixbQB&iarts its integration period at time Til when the transfars gata 366
(TGU) is closed, and the green color filtered pixel BB starts its integration

dattme 12 when the trapsfe b (TGG) is closgd. After T12
p‘%ﬁ Hehs Il%fll %V%’D%’regfﬁte%tfa 51% a??g R alr S8k avity

mifdidachkgbd sineuicammeiinghttie phaeionsainto charge and storing them in
their respective photosensors 26a-d. At time T13 the row select 36' (RS)

e on. e edinine.(eAdau peronos e einubieh racesds 2o

discussed above with respect to time perio own’in
wie® bﬁm@"mg@rrﬁkgraﬂpmde sk gfipixel Auisn GRisIbt fijdirel phatge

|nte ratl d.of plxel BB T12-T17 har e integ! tlon erlo

Cfrplxeel %%ﬂm]lﬁ? gn“él1 (a Gétrrﬁ(ei %r?tfegra on%%)gnotld of?l plxe
ﬁl(afed'l'[iﬁr)l mhee:ﬁmtgmmtegkaﬁompenhdsﬁﬂneycbpmdtabﬂisedlﬁa dbler ﬁltcred

nsi of the pixel and its abilit captur en the
PISLRRISAOR) STERG LT UM Th e YR esipedasais
filkalreel poleik filidradoppied’s tendda-hddesiae mﬁﬁveﬁwl@%ﬁvﬂy theretore
uire a longer integration time to _accumulate harge The ue

e SR e A
pufdleul@dilmnandmgeﬂﬁt@gfﬁtﬁr@ dlma(ﬁh@ﬁem@mxhﬁtterad @mtbe VIQBW@@L"

integr tlme since non-color filt pixels satyrate faiéer Itis also

in @&8%5?%%“8816‘?’?&%% 9 & 161408 S ERAhGESHE ration

period, Wh|Ie setting the non-color filtered pixel to the shortest integration
tifte38 ]shouldSb‘xgm@tedlmmmimndet, itherhishnth grpexets lardibamgp lectdl

not limited to the er Cc t‘)""g ove. The t|m| ofo e tlon of the
thour &nggroup gégdescrfﬁ 5 Sve %“6%@ ani ﬁj%%%ratl é Wine

deintegratiwhaamct nean ofichage dsocamhbecarrangefitered pixels was from the
green spectrum, based on the charge collected from adjacent red and blue color

filtered pixels.

[0039] It should be noted that the four-pixel groups of this embodiment
(FIG. 3) would be repeated throughout a pixel array 100 in FIG. 5.

[0040] Prior art techniques for color rcsponsc balance involves applying
electronic gain to weaker output signals. However, when electronic gain is applied,
noise is amplified along with the signal, which is not desirable. According to the
present invention, the color response can be balanced, by varying the integration
times for each color channel, to correct for the differences in filter transmissivity and
silicon absorption by wavelength within the pixel, rather than by applying electronic

gain.

[0041] In the exemplary embodiments of the present invention, color
channels may be sampled separately, with each having its own charge integration

period, When pixel arrays have various integration times for groups of pixels within

10



[0036] For simplicity, the circuit shown in FIG. 6 illustrates one group of
four pixels. However, this four-pixel group would be repeated throughout a
pixel array 100 in FIG. 5. By replacing a color filtered pixel with an
waahtsoiaediltered 9 WO 2006/014641 PC1/US2005/025579ppxek2005/025579
throughout the array, the benefits of both color sensitivity and light

ensitivity may be achieved simultaneously in the pixel array. [0037] FIG.
RS CIH R R Of 1 EREGER C RO BB v ok oF oo
objeemesiarfiteredpixels Bie replatedtiysndaenidaloniiRiedRixbeessing,

Therefore, the 2X2 pixel group will haye a red color filtered pixel and an
fOrSRUBRIF HtSPSdPRES Rﬁoﬁ?és‘ﬂ‘f\g{tét%\?/%[ fr]f%‘ an N ibc irBted3sierdnd a

pbd»daeﬁﬁ@mfiftﬁre@llopwmmmﬁgmeﬂéﬁwnﬁﬁﬁﬁ%&;mfQi?ésﬂé' Bfected

,four-gixel grouping are color. filtered pixels and two pixels are non-color

& SR AP R FACHER Bl RS HHFEYSRP T ISGaISIORHES: with shpeet to
thRtE At NI BreVi Ae; NORRRIQF fiiered PiselR@AhARS JoRgET iniggration

time for the color filtered pixels. However, individual charge integration
MO SISIHEIES for each pixel, if desired. [0038] , Since, in this
embodiment, there is no green color filtered pixel, the image processor

18004 F)G. 5 wilk pexteinfoa:sphiiagiondagigchnsian b veeiaipingyhal
P rtlorélog charge fronﬁéﬂf go -color filtered pixels was from the green
AP HRRElriH O URATHE B Eion U esR A bide Efor®
sHitteseccpinels 486393 00s haykthig ratedshaldhe daueniyel groupaiat this

. emhodiment (FIG. 3) would be repeated throughout a pixel array 100 in
B AR Ard (BB TEPLOIEN Bl BatsE oD as

aaRpyindeeleaisahic 4aibtaoueaker PPt 8911308 UG WRERe control
ele[%ro ic g&in is applied, noise is amplified along with the signal, which is
Oh BHE B IO RSIGTA G E5th & OB kRl invention, the color response can

be balanced, by varying the integration
[0043] Camera device 300 includes a central processing unit (CPU) 302

that communicates with vasious devices over a bus 304. Some of the devices
connected to the bus 304 provide communication into and out of the system 300,
illustratively including an input/output (1/0) device 306 and imager device 108,
Other devices connected to the bus 304 provide memory, illustratively including a
random access memory system (RAM) 310, and a peripheral memory device such as

FLASH or hard drive memory 312.

[0044] The camera device 300 may also be included in a processor-based
camera system 400, as illustrated in FIG. 9. Examples of processor-based camera
systems 400 which may employ the camera device 300, include, without limitation,
computer systems, camera systems, scanners, machine vision systems', vehicle
navigation systems, video telephones, surveillance systems, auto focus systems, star

tracker systems, motion detection systems, image stabilization systems, and others.

[0045] System 400 includes a central processing unit (CPU) 402 that
communicates with various devices over a bus 404. Some of the devices connected

to the bus 404 provide communication into and out of the system 400, illustratively
11 |



times for each color channel, to correct for the differences in filter
transmissivity and silicon absorption by wavelength within the pixel, rather
than by applying electronic gain. [0041] In the exemplary embodiments of
WgHgereldéest invention, color channels may be sampled sepegatebpovsithzss79
each having its own charge integration period. When pixel arrays have
v int o : i - ‘ 0 4
e o Rl robih ks

coppapiEhielids ase Hihporids sotorevf Anseijselnimlinbta sramsbenaccess
. ot Tor i ) g1 .
@Q‘M@&@&?Mg@?& %ﬁﬂ?&%&ﬁ%@fﬁ?%&% Qg%ﬁ?égéoégz’r@mml

the image processor 180 of FIG. S. Using die same back-en ssing
merfay dotircernploralidiopiicdisiedtivindlidririuramppcaldolb &Jo)réatedt1 6.
'ncc t&g p qJ filt g IX AVE: 8, Ve short integration i ith
R L SRR Rl e
sigrehpeartiprmementspim theonotionsif(dd B tég motedyfoiar-pixel groups as
described above may be repeated and. used in a pixel array 100 of the

gg@@%fiewce A0S lstratedJRikiGie ﬁucﬁ:lﬁuﬁrﬁgg Vo §GPDE [Bg8veEs.

0, a typical processor-based camera device modified to include an

Priprisl§ebgdirebaros (Fide Byasansisyierfioxes uf Ha(piosaat drmetioraghat

cn@'hIBPUESIBVICS, B NEARNiCR 300 magaager device 108 may also
receive control” or other data from caméra device 300 as well. [0043]
Camera device 300 includes a central processing unit (CPU) 302 that

coi(thicates Wit RA U TRMB B A B8 302 o8k bt avavrsmbs

ilearnected da-theihyesbaravide wamimidication intonaad S1f AfdhiRages of
system 300, illustratively including an input/output (I/0) device 306 and

thiaydrividdadificaerhéid SEmEETEt (SRFRIs Ry arsassovdions and
stRamesHUstatNe iR AN AaNgem ARCEIRMIEMQUNLSYSIER (RAML.

310, and a peripheral memory device such as
Accordingly, the invention is not to be considered as being limited by the foregoing

description and drawings, but is only limited by the scope of the appended claims.
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FLASH or hard. drive memory 312. [0044] The camera device 300 may

also be included. in a processor-based camera system 400, as illustrated || oy wiSE
in FIG. 9. Examples of processor-based camera systems 400 which may
employ the camera device 300, include, without limitation, computer

systems, camera systems, scanners, machine vision systems, vehicle
navigation systems, video telephones, surveillance systems, auto focus
systems, star tracker systems, moidmAdétittion systems, image

stabilization systems, and others. [0045) System 400 includes a central
proce<SiRy Gt (@B A2 #3%° communicates with various devices over

a bus 404. Some of the devices connected to the bus 404 provide
commarpsatiditintd pirtbutethheixgstomA0oiifsptivelserisbifant produces
2006/014641 PC'T/ti92005/025579 including an input/output (1/0) device

406 angheamera davice d00.o8hen H/YIGeS i0RISESH I HeDUSKIQ4in a first
provide memory, illustratively including a random access memory system

(RAM)sﬁ%Oét'.:clitAs;%{_cil or harﬁ driy, 41I§§and ozerotri more, peripheral

memory devices Sich 55 A Hoppy diek arveita M eompdct eskpdsybset of

drive 416. The camera device 300 may be combined with a processor,

such aBlabwatiigital Riyels aprdrasselosiitipsieshroadsedeipiramivfeot said
integrated circuit. (0046] In another embodiment (not illustrated), it may be
desirabigtosysevidadhe pixeligeian ofithedrasant jRvestion om apix(r)Gf said
imager device such that the processing may be performed on the imager.
[0047] Eggn%bgl\l/gsgﬁscription and drawings arc only to be considered
illustrative o exemplary embodiments which achieve the features and
advantages of the invention. Modification of, and substitutions to, specific

précesEeopiiabag ang! slaistutew barebe thpbalitindrdd sarengl rohset have

the spirit and scope of the invention. Accordingly, the invention is not to
be consigarad:aisheingiimijadibyl theforeg pingislesesiptitnsandikawings,
but is only limited by the scope of the appended claims.

3. The pixel array of claim 1, wherein the pixels of said second subset are
not filtered for non-visible near-infrared wavelengths.

4. The pixel array of claim 1, wherein the pixels of said second subset are
filtered for non-visible near-infrared wavelengths.

5. The pixel array of claim 1, wherein said plurality of pixels are grouped
in groups of pixels, each group of pixels including at least one pixel of
said first subset and at least one pixel of said second subset.

6. The pixel array of claim 5, wherein each group of pixels includes a red
filtered pixel, a blue filtered pixel, a green filtered pixel, and a non-color

filtered pixel, or wherein each group of pixels includes a cyan filtered

pixel, a magenta filtered pixel, and a yellow filtered pixel, or wherein
13



12 LLOYD WISE CLAIMS 1. A pixel array comprising: a plurality of pixels,

each pixel comprising a photosensor that produces photo-generated LLOYD WISE
charges during an integration period, wherein a first subset of said I
plurality of pixels are color filtered and a second subset of said plurality of

pixels are non-color filtered, and wherein pixels of said first subset have a

different integration period from pixels of said second subset. 1 The pixel

array cfeclaigrdupidrpixeie Pirets oihsaidasdcohdisubsetnawdeacsharseh said
integration period than the pixels of said first subset. 3. The pixel array of

claim LrwhgreimiReipisis i saidiesgardisubseiare siqtdilisred for

non-visible near- infrared wavelengths 4. The pixel array of claim 1,

whx/aretg the %Is of said onds are fllter for non- Vflb|e furth
nedr-infrared wavé eﬁléth% ﬁlﬁré Ixe Fraefbf%efﬁ g Wherdi n%éﬁ}s urther

plurality of pixels are grouped in groups of pixels, each group of pixels
includifgrapréses eneedidélteredafeifitkt subdeeafittencidastehepigedast filtered
said second subset. 6. The pixel array of claim 5, wherein each group of

pixels jicleidesa redofiltesest pixelai hiue-filterecbpixels a/ateemfitareon-color

pixel, and a non-color filtered pixel, or wherein each group of plxels

|nclud nfllt ed enta filtered pix I a d ay,
flltere§ plxecfYja ?eirlem éq_ﬁ_ﬁYﬁg\?\ﬁ@E ealch lPrg(Zp 0 plxeé s%areglxe1 has

one readout circuit, or wherein each said gfroup of pixels comprises two
pixels BriesgErlonipgasips period that is longer than said shortest integration

period, said green filtered pixel as a third integration period that is
longer than said second integration period, and said blue filtered pixel
has a longest integration period that is longer than said third
integration period.

8. The pixel array of claim 5, wherein each group of pixels includes a red
filtered pixel, a blue filtered pixel, and two non-color filtered pixels,
preférably wherein said red and blue filtered pixels have a first
integration period and said two non-color filtered pixels have a second
integration period, wherein said first integration period is longer than
said second integration period.

9. The pixel array of claim 1, wherein the first subset of said plurality of

pixels are red filtered pixels having a first integration period, and

14



7. The pixel array of claim 5, wherein each group of pixels further

comprises a red filtered pixels, a blue filtered pixel, a green filtered pixel, o
and a non-color filtered pixel, preferably wherein said non-color filtered LLOYD WISE
pixel has a shortest integration period, said red filtered pixel has a second

integration period that is longer than said shortest integration period, said

green filtered pixel as a third integration period that is longer than said
secondvihtegratiothpetiedbartdodaial diphifiltitedbpipele Basra longdtered pixels
integration period that is longer than said third integration period. 8. The

pixel aﬁgyigéq%giw@%@&ﬁ@g@%%p of pixels includes a red filtered.
tw

pixel, a blue Tiltered pixel, and non-color filtered pixels, preferably

wherein said red and blue filtered pixels have a first integration period
and saliags FoRe |8f%ﬁ1e%f’efa>laie?r§lﬂawér9 dBleHd iRk Gistisrsarfogot all of

wherein said first integration period is longer than said second integration
period egrhd piréicarray of claim 1, wherein the first subset of said
plurality of pixels are red filtered pixels having a first integration period,
and 14 LLOYD WISE wherein a third subset of said plurality of pixels are
blue filtered pixels having a third integration period. wherein said first,

second,.and third integration perjpds are not all of. equal duration. 10. T
o0ty GF S i Sae IAE FHEghalior bl RAG i fggriod has o
duration and said third integration period has a third duration, said first
and thifdsdudatieioneing sibdtdhttsllyreqgea timmd pedoddhimeytdtion duration,
period has a second duration that differs from said first and
said first and third durations being substantially equal, and second
integration period has a second duration that differs from said first and
third durations, preferably, wherein said first and second integration
periods are longer than said third integration period.

11. The pixel array of claim 9, wherein said first, second, and third
integration periods have different durations, preferably further
comprising a fourth subset of said plurality of pixels that are green
filtered pixels having a fourth integration period with a fourth duration
that is different from said first, second, and third durations preferably,
wherein said second duration is shorter than said first, third, and fourth

durations, preferably, wherein said plurality of pixels are grouped in

groups of pixels, each group of pixels including at least one pixel from

15



third durations, preferably, wherein said first and second integration

periods are longer than said third integration period. 11. The pixel array of

claim 9, wherein said first, second, and third integration periods have LLOYD WISE
different durations, preferably further comprising a fourth subset of said

plurality of pixels that are green filtered pixels having a fourth integration

period with a fourth duration that is different from said first, second, and

third daeation$ paéfefaisly, sedoadinisaid, seudrfdduitatiohsetshentet tvarrein all

said first, third, and fourth durations, preferably, wherein said plurality of

pixels g;wm%@&rgra %ﬁ&@%rﬁ%ﬁ@@é@%@&?@ﬁﬁ{$ 'nC|Ud|Ug at

least one pixel from 15 LLOYD WISE each of said first, second, third,

d foyrth subsets, and wherein all pixels in said group share a commaon .
[éadout B URC L2 P b8 By GGG AR o Ehe BikeY Sithglemasing
part of an imaging device, the imaging device further comprising: a timing
and congrolcanthfoirsaging ey i dtivhsbécaiptisiegration periods; and
an image processor for processing signals read out by readout circuitry.

13. The pisaharraydtelaim]kenivisredd el IMASRIILASS O GG egration
temporal displacement of colors that results from the different integration

periods Kelge r.rgctg motion blur by interpolating color data based on data

from s&id Hrst subset of pixels. 14. A method of operating a pixel array
comprising: generating charges with a first plurality of photosensors during

a first Mteyiaish pefeepsor for processing signals read out by readout

circuitry.

13.  The pixel array of claim 12, wherein said image processor corrects
temporal displacement of colors that results from the different
integration periods, or corrects motion blur by interpolating color data
based on data from said first subset of pixels.

14. A method of operating a pixel array comprising:

generating charges with a first plurality of photosensors during a
first integration period;

generating charges with a second plurality of photosensors
during a second integration period;

transferring charges from said first plurality of photosensors to

readout circuitry after said first integration period; and

16



generating charges with a second plurality of photosensors during a

second integration period; transferring charges from said first plurality of LLOYD WISE
photosensors to readout circuitry after said first integration period; and 16

LLOYD WISE transferring charges from said second plurality of

photosensors to said readout circuitry after said second integration period,

wherein said first and second integration periods partially overlap and

have differentrdusitionsg amcrglergionpsoidsensord gflatddidgt onplaftsahsors

first and second pluralities of photosensors do not filter color. 15. The

methogpE slaim Jdoharein 3/ fitst intaoralion Pefied ReQIAS PEINE wherein

said second integration period. 16. The method of claim 14, wherein Said

first integration period ends at.a different time than said second
inteareitof JBL I STErER LB Lo SIS coBRBh AT CHeF g Hih have

a third plurality of photosensors during a third integration period;
generativifpotrargbs atittns, famdh wheredity phphotosemsory dtirierst dogridf said
integration period; transferring charges from said third plurality of

photosgRgars dasd@adPpleHauiey sfitghsaiddhittiniegraiienteetamand
transferring charges from said fourth plurality of photosensors to readout

ol S o o et O el M E 3 ey
before said second integration period.

16.  The method of claim 14, wherein said first integration period ends at a
different time than said second integration period, preferably further
comprising:

generating charges with a third plurality of photosensors during
a third integration period;

generating charges with a fourth plurality of photosensors
during a fourth integration period;

transferring charges from said third plurality of photosensors to
readout circuitry after said third integration period; and

transferring charges from said fourth plurality of photosensors
to readout circuitry after said fourth integration period, preferably

wherein said first, second, third, and fourth integration periods

17



partially overlap, preferably wherein said first, second, third, and fourth

integration periods end at different times. 17. The method of claim 14, LLOYD WISE
wherein said integration period corresponding to said photosensors that

do not filter color has a shortest duration. 18. The method of claim 14,

further comprising: processing signals read out by said readout circuitry.

19. The method of claim 18, wherein said step of generating charges with

said sgeonthbjurans:biphotssersddys vdmpmisesgiehdiatingsehangestifiot and

non-color filtered incident light, preferably wherein said step of generating

chargegwith s@idofiaiGiupRin @f PRAIRSEITRISAOiMRESes generating
charges from color filtered incident light, preferably wherein said step of

cessing si aI incl des e Iat| fliorl formation fro
g?gnalz%é;‘fig sugE?Pac |ng éilgnalséffr(g{r’)nﬁ Saic n]fle %?ﬁon ¥io ou? te sponding
signals from said second integration perlod or correcting temporal

displacériiaist Bhesnse s th sl aiffetditanesrationsperloersesh stiontisgr,
18
18. The method of claim 14, further comprising:

processing signals read out by said readout circuitry.

19.  The method of claim 18, wherein said step of generating charges with
said second plurality of photosensors comprises generating charges
from non-color filtered incident light, preferably wherein said step of
generating charges with said first plurality of photosensors comprises
generating charges from color filtered incident light, preferably wherein
said step of processing signals includes interpolating color information
from said signals by subtracting signals from said first integration
period out of signals from said second integration period or correcting
temporal displacement of colors due to the different integration periods

motion blur.
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