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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 convértjng 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 defusmn region to a
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.



phot oconversi on device to the floating diffusion
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region to a predeterm ned charge | evel prior to charge
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energy. The pixel cells in a nonochromatic 1| nmage
arhgve neither color nor NIR

[0006] A monochromatic imagcr 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



bl ocking filters, and are therefore nore sensitive to

| oner levels of incident |ight, including NIR energy.
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capturing color information of inmages. [0007] There is
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FIG 1 depicts alﬁ)i xel arr%of rior _art: J0012] FIG
2 depicts BIHIERDESCRIPEL &?E\&HE Qﬁé@@ﬁﬁ nent of
t sent .tavention; [.0013] FI.G. 3 depicts a pixel
aiﬁgﬁﬁccor E;[ﬁg?tdSP':SEgo‘i ‘%1%8 aéﬂl%oogip%ﬁ?gbf t he present
i nvention;
[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 is 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;

[0017] FIG. 7 is a timing diagram illustrating the operation of the pixel
cell of FIG. 6;



[0014] FIG 4 is a block diagram of an inmagi ng device;
[0015] FIG 5 is a schematic diagramof a four-
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is a schematic diagramof a four-pixel cell group
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pi xel cell of FIG 6;[0018] FIG 8 sho a, camera

deyisgi consirneed b perordRpca tvitiean emBAdincRg 2&%@«?%% and
constructed in accordance with an enbodlnent of the

| TUGISE 00 | BAE, DYRaRE p bhicesshr SRR 1R PHAARAA AL 1Y Tmager
ddvitcaoaNrIa08 e Wedobd At SRBOLH émebd@{entc RE thd MO B ti G -
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0020] In the
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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 element 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 fs, therefore,
not to be taken in a limiting sense, and the scope of the present invention is defined

by the appended claims.



t he base sem conductor structure or foundation. In

addi tion, the sem conductor need not be silicon-based,
whodocooshd be based on silicon-germani um ger NBOT/URL008025579

gal lium arseni de. [0022] The term "pixel" refers to a

picture elenment unit cell containing a photosensor and
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tra(xﬁfcrﬁﬁ% Phir3g fidAe tRUbIRstbs@kof D6 t& B B&atin@! diflibn node 27 and a
transistor 34 to a columm output |ine. e pixel cell

resdt Soansiytoir 82| foy rdsaging the dlabiing dififsfamsicgipnnoatte @3 predetermined
connected to the gate of the source follower
Cmr%Yeélpé‘PfS‘AFh@Bsrtﬁésé@‘?é?-at ed by the photosensor 26
is sent to the floating diffusion region 26. The
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erring charge fromt tosenso

havinpad pixel dhiedyf 100 eithracdepd @tibeing eastruttednsideta@ibed2bove.
for resetting the floating diffusion region node to a
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nl%{lgn?%fﬁrog ThRs @{\9%%%413@%’&@\5/ :ot lgalfl LIS S axbxlag 360 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 thaf
controls address decoders 155, 1‘70 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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having a pixel array 100 with each pixel cell being

constructed as descri bed above. The pixel array 100
weoeopnises a plurality of pixels arranged i n apPCT/US2005/025579

predet ermi ned nunber of columms and rows. The pixels

of each row in the a(rgé 100 are all_ turned on at the
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are selectively activated by a colum driver 160 in

impgespBId. to a col utm address decoder 170. Thus, a row
and colum address is provided for each pixel. [0025]
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piadlRth Grédr €8bt filterd 6 Wingsmrotasel] it gleehRitLelovides not only

device 160. A differential signal Vrst - Vsigis
chperothaoedinformasingt; buk aeits peaki respanse isrghoseftp dbic Rerk response of
digitized b nal og-t odi gi tal .cepnver.t er 5. The
th b e R Lr LG Breaese SRADRERT OtPRicafE fisey pateerns
' Si I |Gt [ I ; . :
ol 8kl S35 ok 1 UL A1 i Bl B L i
info2@36bn E@lnd thgvixible spectaym. are of ten conpri sed of

groups of four pixels having different color niters

over them as in a Bayer pattern, in order.fo capture .
I [R7]i nf or Asgqreine oghe sremplay sbodiaent;afithe RroseRt ngetion,

f aco t. . f [ '
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pixel with a blue color filter, and two ) )
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 filtered
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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pi xels with green color filters. Wen processed, the
green data provides not only chrom nance infornation,
whoiocasieitt S peak response is close to the peakp@BEPINT@5579
of the human eye, it is also used for |um nance
information. Other color filter patterns nmay contain
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own in FIG 2. In the enbodi nent illUstrated, one of
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pi xel without a color filter. Ared color filtered

pi xel and a green color filtered pixel BB sharg a
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of b PP R coPRAPIR By U ALY b Yop UL o6 pging
;&BH}B plidter 6% dpldX@urkh liaBIfor pexcl FREBUE Htethe ichl I eakHopixelts

shares a second colum with blue color filtere
inpégretioBme 0028] Because the color filters dimnish
transm' ssivity, the color filtered pixels in such an

AdbB¥al gt y TRealel sRerBblghy TPramsEe b et opBur Budls An-
Dﬁj VF@% Whdrs &1@&9&&@ citcRee IR e ot R ult R iy & omprises

tered pixels. Additionally, when a 'pixél is

ﬂ@dtmg di€fdsiba noalp] e dakgBouica fellsvdrytransisaer, arshagpe saeadt

bri ghtness information, rather than color, it may he
trprsisph| As showmkeBHe ahibied Ad¥ hateaaphatassnspdoy N}dqsransfer gate

when | a 0
30n BH R R A AR kAL 0B B haga
phblob&lsoPB¥c 2h$ &aﬁﬁcﬁ%ﬂt%oatm ﬁma Dbhfs raqarro@d)sw@ﬁéorl 76d and
order to capture i i nformation fromth
tramfcn/gasc BDd. ﬂrddtrtbqplx'fhmﬂebﬁ peor adieracheif IthCSb @ixelw £8-DD do
els capturl ng |ight, frﬁgnthe vi si bl e spectrpum.and

gy Vi tReF OO HS It Alfguypiplsppargqfloating diffusion
ngéri:%%g *i’ ?mésgk gat% %‘%Gtsroﬂpac o trzl&xs?%@xmﬁ t)fc:lc:ct transistor 36’

I ntegration times for’
in, for example, a shared -row, shared-column architecture.

[0031] Once the charges are generated by the photosensors 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



of each pixel may be coordinated by the timng and

control circuit 150, addressing appropriate row and
w@odoanmichi nes for pixel readout after the end PET/E82905/025579

pixel's integration tinme. [0030] In another exenplary

enbodi nent, each group of four pixels AADD in FIG 2
Tlshaudes obreadoeachnibe ini anyuirder dasired.e HaoillusteatiaryiRIG. 7 shows

typically conprises f di ff reset

reaglaus in W@@rpspﬁsméfﬁéhﬁhtwﬁh%?p?aé’s"ia ieset transistor
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t he pixel cells of prior
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al | _four piX har fl. [ i ffusi "1
refts sppSifor B2 BRST I bR a3l T e MO RP sping che
rel @Yo FIREdd ;siscarmASWR)S Baniple afdhokx@selcircuia (SHR) and sample
shared-row, shared-columm architecture. [0031] Once

anidHeold sipgngesrante S§EHeranled pblsed hisilaHy in semprocess 26 sampling the
' f . 30a- f h
reth ] Vatehand SECHGOT] GHiE g e 06 TR B dreang The
i . . Ny
P RRERER R ERD SRARE piLhth (CpGhing ol diMfrepl Lol euce
witdtafl pixd A4-DDagveBrch impled, i teahs 0£4 kasersigiaDVrst and pixel

according to the present invention. The signals in
ORP® sigmdgfmg; eAptBg %dhbyo‘{"isﬁliﬁﬁgtf%iﬁﬁt@o?rﬁ’r(gﬁ) i pErgd off as
simlar to cirguit 150,in F 5.. The tiymng diagram
aribs @ ECthEATRIE SO E mPi i Ay 8% A% of
P gy B8] T el AR L S, Sl g n 2

firsbrow BH) thesnéncoled fitraredEaxcdbloé coloe filieedl Exaledbdig mw eecond

accunul ated charges that are sanpled individyally for
rove ol thepretven HBYS ¥F reash gt RexEAOHaws Areisgdo ?@sgrm thf

desired. For,illustrat.io .readout in the
oS ol it tib o e Loaiftbndeacout L
reset transistor
[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
integration 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



32" (RST) is pulsed and the sanple and hol d reset
circuit (SHR) takes a reset signal sanple Vrst-CC at
wo 2006/014841 Then the non-color filtered pi xel CQPEBHUS2005/025579
sanpled after its transfer gate 30c (TQJ) is pul sed at
time T4, followed by a pul se of the sanple and hold
tr&is i @ateC3 0L (T GB§ BHFYsetl akAndmic el () uhprdd silgnfileered ipixeCEA
at time T5. The reset transistor 32" (RST) . is pulsed
staxtpatsningagragon persnshivhenithe eynsfes gagy 38 & dlesedy ghe non-

I filt I xel AA (TGR). Sanpl ho| d t
colitliseed pREHGCA S Rl ROTal S GRAIL ) PR H e
el ! ()
o 00 L EGUI SEf G R b Rl A RLFREGER 108 BT Wpracion

pelridd atetn€ D D rwienl the nedsfpr xak 38B.(THE) sycbdsed r éyfeealld 2f all of
the DD and BB pixels, each tinme pulsing a different,

the pawssf Ap-13Btase intagiaring [Thet sethey Are Bbcollegang degident light and
sanpled, in terns of a reset signal Vrst.and pi.xel

coBi e tbr ghaiotoeRty chafes HkEsiagne ficm i feigitgeiive

pHJtRBSs 26230’ AL Bk T3, kb RRH sQbde RS (ROPLshBEnddWh, 36 R gin the
sanpled. It should be noted that in this architecture,

readsutrpevedddr gieqekds shechgrouaids ys dbadsalisbovweivith rdspeated time
and grreen color filtered pixels being in a first row ‘

peareds tiHetonbf- col or filtered and blue color filtered
pi xel s being in a second row. After these two rows are

th . , i j : .
"FAILNC PEYLR L BIE. ANl Bat iflcBRdoR dioR of pixcl AL

Wo adj acent pi xer’s -na ro

(TAQ-UDB), lth® eharf® @deradibn pefidd B8 pixel BBGS (T T7a bk eharge

gates and the reset transistor are turned on to dunp
intagyatiasspdtical ofpinel ST ddel ldhAl b andribic charge intsgragiongripd of-

N e ,an tor charge integration. Each pixel, then
pixd PRGS PRE TR diercfaeriegratantriseh may el bid on e
P SLOREILHARS 1y s YR TR T BT apor e
coét filterfovar i Aelthd uxamsplodesgidkd abovd, banséddor fillkaed eidets tend to

the floating diffusion region. The begi nning of each
beplessesensitiygtakighitang thpefore dequirecalonger insegpijon Hgrq tonj ng

ROERELERke R8P QU e L 7 AP s
cHFg NG potiod. Similarly, an non-color filtered pixel CC may have a
shorter charge integration time, since non-color filtered pixels saturate faster. Itis
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. However, 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



controlled for different lighting conditions. [0034]

Thus, in FIG 7, the blue color filtered pixel DD
wGeb@wls4et s | ntegration period first, at tinme FOT/USEOH025579

the transfer gate 30d (TAB) is closed. The blue col or

filtered pixel DD starts its integration period at o
pirtel throlighowdtbi atfap} tharkshefits pdbetiBovof TEBiivIty ant dightisenaitivity

time TIO, the red C%Iﬁor fiI.tqred pi xel AA starts its
mayrhesashiaved simyeFanggushh dhtherpixgl p53%f er gate 30a (TGR) is

cl osed, the noncolor filtered pixel CC starts its

[ atio ri j 2 I i

B TERE S Mgttt ifnc! Bl of dhe BRELE ineAtien,

wiRk& 8btBEesh ablot fildefed pikelgnrtrepRcqbby ol nah-doldrilkidd pixel.
when the transfer gate 30b (TG is closed. After T12,
Thakdford, th2XPipoel grok will kave aimd egloatfilteted pineltandsin napegolor

FlGSTAsk DS 1 A A P @i TSI AT B PLEeolOF Bleered
pil AR i A BELRRE RudBRl it BAIFS it o foor
filReed Fislels @hd W6 plietedrs nohi Whomlleeadse any difsaivelyest two

above with respect to tine periods Tl to T7. [0035] As
difi¢tromnintegrian times: oree dioat igecaratien Hame fon yenemygoler filtered

i xel /AA js (T10-T15), .th ' t i od
pifs i lebtieetida s IR ok RARRBUAT R
infS{d 3 iphgfinkGiraGon bincs el allg biscBf SApRBRIRRSIE. o

i ntegration periods may be set based on the
SEO0a8]i vi t ySiate,tihehisierddodamend, tlseralis ho gyeensobradiltgrasl pixel,
l'ight given the transnissjvity of the color filter

the jmpgq processor hao @;‘(E@ é“ajégﬂfgﬁ’éa sy He‘”et}ofb‘lro Bfgen to
filtere i xel S i gyl [

depirgiy §Palpfich o Wil hE AR ek PRl AR the

greGERrahe baltl Qe thelBRFES @lRcred fRdadpotmired iahd dlwdcolor
pi xel DD may have the | ongest charge I ntegration

filpeed pikelsSim l arly, an non-color filtered pixel CC may
have a shorter charge integration tine, since

-color fil i xel f b
DB o ¢ olrtulif e piE O Pl epBibips phfSefhiBment
(FI8T8) GRADBe kPettaahiQIpHoRE h Pl array 100 in FIG. 5.

[0040] Prior art techniques for color response 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 ¢lectronic

gain.

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

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

10



whil e setting the non-color filtered pixel to the
shortest integration tine. It should be noted that the
w®zaeniden whi ch the pixels are sanpled i s not PATU$P05/025579
to the order described above. The tim ng of operation
of the four pixeligroup, as descri bed above, is only
thanriay) tste &t prcmial posblemhevitntesaparal displaseanane af ot colors of an
eri ods can be arrapged. For [

d 036 ' l.Licity, h .
0@?%99‘(% AR HRE $CRNE| Séﬂ%y{ ﬁi%‘?‘]r &?fé%ct%i@g{l 33;512/-69 ngeﬁcssmg,
. | . : |
fof ek SnPle U e hbcEsbP 180 BE KRG, 6 Bihal it fnithaciend

pro€akig i Focsler Ringdrhll BiptiteRick g mybidd bR MBNal§PbOEorrected
filteredpi xel throughout the array, the benefits of

sithet the coinerolgefisirt d pixels lamda vegylshosdntrigratian gmeayithoeespect to
achj eved sinul taneously i.n the pjxel array. [0037]. .
theyagherpixelp PP HHOE 16 Fcf%ﬁﬁaaﬁf%ﬁﬂrmlat¥l}€eha%%ﬁr

xnbﬂ%ﬁﬂhhgﬂEnWﬁﬁﬁf both green color filtered pixels are

replace y an non-color filtered pixel. Therefore,
the 2X2 pixel group will have a red color filtered
p{aed2and ansmoted; dbwr-pikéll grouphsplesaibddrabioe ntdyrtsd repeated
and an non-color filtered pixel and a blue color
arfdj ysedrind pitot afray 400 1of theisengdr device B Hluswateddn §lbeps FIG. 8
in the four-piXx rouping are color filtered pixels
shgftg sagneet Henes 0% X SRRelitesforiard cunparlsirghodhcd o
inBiulie Ghiidakyr B&ideWOSIHIGE S%&RI&-@@{)&us%t& ¢nt@Rention as
short integration tihe for the 'non-color filtered
arpinpeat dedodtothe devitgS00i nflegnaptodevicenE0§ oy talse realivercontrol

filtered pixels. wever, individual charge
oqmgﬁﬁﬂifmmfwné@@dw%@oﬂswﬂset for each pixel, if
desired. [0038] Since, in this enbodinment, there is no

gi%&f%]co' OF clabl a?&&choéf)((glmcl&dé?ai e pRoCEsing %Bit](t%g)t?f 302

will performa subtraction gi‘c function

thdet & rivngcaeddabitp oiridiBrletice LoHRE @buk B304 t9pend6Nthe ePices
filtered pixels was fromthe green spectrum based on
canpectgdp ghac bus Be4 peevide eomanxatan intedingdraiitisifihe systesn 300,

Ao HO030 LS. el be sBR'.2d ke il 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 systemsl, 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



(FIG 3) would be repeated throughout a pixel array
100 in FIG 5. [0040] Prior art techniques for color

w0 smponsel bal ance i nvol ves appl yi ng el ect r oni CPUEUSR0DT025579
weaker output signals. However, when el ectronic gain

el st I S Al B e
I
BEEAENO Y AR e —

m&ﬂoﬁp{%&%ﬁ{ (RAM) t‘ﬂ@ @'UNSH 8PASY drivef412 @hd one or more pcnpheral
tra ssivity and silicon absorption by wavel ength

mevnbhi devidee spitxasla floppiyhdisk divend bl s pdmpag dadke(@ID pdiiee 416.
gai n. [0041] In the exenpl ary . enbodi nents of th
Thyr easasre devigeA0) pay hecrambIBAA A BPIORGSSBE Suehmt §PU digital
rate wiih e hav
Slgnr??gborcgiso norp“éf'cfc@(fgg{]mehdpi{]%gé&z?ér& A gi\r?%ﬁv arious
integration tinmes for groups of pi er s withinthe
a[o@s] t her b hforBeP@hBbdindnt probillast-aed)) id AP BE dksirable to
di spl acenent of the colors of an object noving in the
previdnéhe ﬁhpbarmyyofahs prisentciovergineen S QG ithagdr-derige such that
processin for exanple, in.the image processor 180 of
the pgpcessin éfé§%i‘ﬁé OB‘abe 18R pr ocessi ng as for
col or terrpor aI di spl acenent, notion blur may al so be
c ted sirfegpbieddieipGa Md AldisgLte RBnkflhbde@hBidred
g?(z/@ghort 1|:rnt egrati onHIfl me wt hal respegt t'o the othefe
illpivetive of pxanpldiyngnbodinme which atitrente feares and advantages of
| nt er pol atl ng fromearlier nonents in tg,§ not i on.
the gmepfions Medifgatignyef apd seb sng\afeﬁrﬁstos@ea FPEsE camsditians and

stitpir et Batd oBP0p! BB oP) R i te BF giedfirencion.
A&oPBABK AUV &RI0IE nof td BPL6MiddEaEBEAL 1iAERID gﬁéﬁ%ﬁ:gomg
devi cé hodified to include an i mager device 108 (FI G

desyrippipl and digwiigse bet sfonlyhkmpee by the seppernfitbaappensnd claims.
I nput device to the device 300. The imager device 108
may al so receive control or other data from canera
device 300 as well. [0043] Canera device 300 includes
a central processing unit (CPU) 302

12



t hat comuni cates with various devices over a bus 304.
Sonme of the devices connected to the bus 304 provide

W@ oomneeat i on i nto and out of the system 300, PCT/US2005/025579
illustratively including an i nput/output (1/0O device
306 and i mager device 108. O her devices connected to
t he bus 304 provide ment€EAIMS ustratively including a
random access nenory system (RAM 310, and a

pEX048der al  ViBnbisyclawmeil @e newerd slssimdagrboprategted &y ilesters

menory, 312.. 441 . The canera device 300 may al so be
Paf%%&%%‘}f%“’%%g?ts Bssor-based canera system 400, as

illustrated in FIG 9. Exanpl es of processor-based

camgraA§M§ggH§ 408, w@hgh may enpl oy the canera device

300, i ncl ude, &Athgut I'mtation, conputer systenmns,

canera systens,. scanners, nachi ne vi si on systens,

vehi ol bPEYIT 8F PR R SREPIG AP RUPINER I

surveill ance systens, auto focus systenms, star tracker

syst enprodmoinigghotetgentiated ahyrgee deringmagetegtatsinl i zat i on

systens, and others. [0045] System 400 includes a

cent r abe IR GARPIAG 5 droliFOhaid BRirhINGlorpREaRLEE Cat es

Wi th sgrious devi ces 3%er§§ bu5940%h§80ne of the

devi ces ,copnected,to the bus 404 .nrovi de ¢ ni cation

it o SRR S a SyLAPRpoT B PR i

illustrativelyincluding an input/output (1/0O device
406 anatecwmesdoniiiéred 300. Ot her devices connected to
t he bus 404 provide nmenory, illustratively including a

r angloNTRE pO&S ariBOF Haifiy b whertitAM: phdels ofshidSdco1id har d

drive 412, and one or nore peripheral nenory devices

such as_a f|l oppy.di.sk drjve 414. : t_.di;sk (CD)
ar ve. Bree HeRE Ren P Bttt B TR RS ok
a processor, such as a CPU, digital signal processor,
or nic?%%#bﬁ@&gﬁﬁw-in a single integrated circuit.
[0046] In another enbodinment (not illustrated), it nmay

be 8esThapbel awaypofaliiael fwkerpinsald aon-aylopfiltefeal pr esent
i nvention on an SCC i nmager device such that the

Pr 0CESSi 8 oFRNsP RoP Rl ol PdnRl iNGelRgRLs, [0047] The

.above scription an rawv ngs are on

¢ oni.i d’ﬁlg %ixcl array of claim 1, wherein said non-color filtered
pixels are filtered for infrared wavelengths.

5. The pixel array of claim 1, wherein said plurality of pixels
are grouped with each group having more than one pixel, at
least one of the pixels being non-color filtered.

6. The pixel array of claim 5, wherein each group comprises
one each of a red, blue, green, and non-color filter.

7. Thc pixel array of claim 5, wherein each group of pixels
further comprises one pixel each having rcspcctiVé

associated red, green, and blue color filters.
13



illustrative of exenplary enbodi nents which achi eve
the features and advantages of the invention.
wobachiwat i on of, and substitutions to, specifPCI/US2005/025579
process conditions and structures can be nmade w t hout
departing fromthe spirit and scope of the invention.
Accor diRgbikel drbgy dfbamit 3, ovhdrinrath grodpecanpsseder ed as
being limted by t he foregoi ng description and
draw n onl Ii 1.t scope of the
append%g EF ET%P ] 3%1@?”%%%&E$s clalned as new
and desired to be fprotected by Letters éﬂnt of the
Uni 2.edTlst pixekariay: oficlaim F|E)»|V)(’c'é‘rfc%r‘r“‘ra gEQ}rﬁ)P Uf g€
plurality of pixels, each conprising a photosensor for
pr oducédig coRptidcsofitedaah of a phvaet gelbhalig agnan
integration period, wherein a first group of said

SlrglrJgI x‘g}xég Uﬁ‘l(f(ura‘grcgl&;mtgf filtered and a second

I'xel s are non-col or
filtered. 2. The pi xel array of cJaarml ¢v(\)lnerel t he
pi X@4 sThe pissl @Ff%i’e@ﬁfﬁ%}“g"r’ao‘ﬁ CIRiRach BEpiR PE g
i ntegration period than pixels of said first group. 3.
The pi ks spareayn®fcadbat dircuit. wher ei n sai d non- col or
fi I tered pi xel s are also not filtered for infrared

e*f‘ﬁé gﬁﬁcl arry %th aill fevk/ha% 1x8§ %)Fga?dl Bistgrader ein

sal non- ered b|xel [tered™for
infrared wa ths. 5. The er rray ,of claimil,
wher ei hag ﬁﬁ(%‘?&?gﬂ?%f’ f’ﬁﬂ’?é]i‘%P’éFg F%ﬂﬁ‘éﬁ”\ﬂ th each
group having nore than one pixel, at I east one of the
pi xel sghmipng non-color filtered. 6. The pixel array of
claimb5, wherein each group conprises
12. The pixel array of claim 7, wherein said non-color filtered
pixel has the shortest integration period, said red color
filtered pixel has a longer integration period than said non-
color filtered pixel, said green color filtered pixel has a
longer integration period than said red color filtered pixels,
and said blue color filtered pixel has the longest integration
period of said group of four pixels.
13. The pixel array of claim 8, wherein said red and blue color
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.

14



one each of a red, blue, green, and non-color filter.

7. The pixel array of claimb5, wherein each group of
w@rooslostciur t her conpri ses one pixel each havi nBCT/US2005/025579

respective associ ated red, green, and bl ue col or

filters.8 . The pixel array of claimb5, wherein each

grpdp TROPixeEagayeof ddm b wisereiandidt goup @i fow mikels

filtered pixels. 9. The pixel array of claimb5,

wher ei n._each f i xel I1's conprises one

each '0?0@r3%6§%8?§$3 %Igg#ﬁgdygégrf?%rmgent a, and yel |l ow

color filters. 10. The pixel .array of claim5, wherein
cakh ghaigsl erray semppringP plepliy %‘ar%fg& RIS
circuit. 11. The pixel array of claim1, wherein

pi xel sa photvsdridof forgiroduang phasegaedittd ehagts
integration fromthe pixels of said second group. 12.

Fi 11 or S s BR¥RRY of Bt afon BRBOE, BARRE TS 02 0a

said red color filtered. pixel ha I er. i ntegration
per i oogromarPfsadp! B’o?f&?lxéi? tEdrRdge Fg‘gt%fe 4i d green
color filtered pixel has a |onger integration period

t han sgiond geowgodlunid plutaitedf pixglehss blandokai d bl ue
color filtered pixel has the | ongest integration

perio | f A ‘& J. el
array d%l? érg?’% % %%%Pn&ggﬁ? I‘F@(ﬁ@a%f bﬁlsuse}%égjlnér
filteredq piLxelg have a first integration period and
sai d tHONBHEESi or filtered pixels have a second

i ntegration period, wherein said first integration
pet6.0dThe pbehgeay ofcams b dvherein said first group has a

first integration period, said second group has a second
integration period, and said third group has a third
integration period.

17. The pixel array of claim 16, wherein said first and second
integration periods have the same dufation, which is
different from said third integration period.

18. The pixel array of claim 17, wherein said first and second
integration periods are longer than said third integration
period.

19. The pixel array of claim 16, wherein said first, sccond, and
third integration periods have different durations.

20. The pixel array of claim 15, wherein non-color filtered

pixels are also not filtered for infrared wavelengths.
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second integration period.14. The pixel array of claim

5, wherein said group of four pixels conprises two
w@orooslos46an each of two rows. 15. A pixel arrayPCT/US2005/025579

conprising a plurality of pixel cells conprising: a

phot osensor for produciﬂg phot o generat ed charges

du2i ngThe pixat adrayt of ddimi 1 egheatinsaidmniadigsof pidsei n a

first group of said plurality of pixels are red col or

filter g%gég?%ﬁﬁ?l{tﬁ cgétggn"bugfha%ﬁ{gdorﬂl fetdaloldnfiledredi xel s

are bl ue t nd a third group of said
plurality of pixels are noncolor filtered, 16. The

pi xel B‘P‘F]a?%ﬁ‘lﬂ %ﬁ% élsgre&ﬁg(rc ipd ope panygalor group has
a first integration period, said second group has a

secondfilteredgirad.i on period, and said third group has a
third integration period. 17. The pixel array of claim

1695 Whegyei | ' ePESmpRiigg AT LARA peri ods
ropy TRl firdy b1 clin 2O huPAEOUbALRGRIDLER bel ) OC

third integration peripd, 18. The pixel, ar .Qf claim
17 " wnireipbidptb of P e e ats DCarar BBk, {oas
are longer than said third integration period. 19. The
pi xel afowyh oftegtadpmptdod whdy %dgfcsqitdiumtr@t frogecond,
and third integration periods have different

dur ati 93§ firitOsecd® RidBirdanfeglatidhn pdrididsd 15, wherein
non-color filtered pi xel s are also not filtered for

I 21.,Th | xel s arra =1 ai m 15,
andPo APEARE By ol v 37 BBl Bk iaiof 1 o2

gr oup having one red color filtered
period has the shortest duration.

24. The pixel array of claim 21, wherein each group shares a
common readout circuit.

25. The pixel array of claim 23, wherein pixels are grouped in
four-pixel sets with ¢ach set having four pixels, one each of
said first, second, third, and fourth group of pixels, each set
sharing a common readout circuit.

26. An imaging device comprising:-

a pixel array comprising a plurality of pixels, each
comprising a photosensor for producing photo-generated
charges during an integration period, wherein a first group
of said plurality of pixels has a first integration period and a
second group of said plurality of pixels has a second

integration period,;
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pi xel , one blue color filtered pixel, and one

non-color filtered pixel. 22. The pixel array of claim
wd oechusther conprising a fourth group of groupcDiIS2005/025579

pi xel s that are green color filtered having a fourth

integration period with a different duration from said

first,aseuvogdnd spatrohunit formoagiolingdhc pricBEtion 23, The

pi xel array of claim 22, wherein said third

i nt egr giAARR dT8hidqdkdidantihe shortest duration. 24. The
pi xel array of claim21, wherein each group shares a

conmon _readout circuit. 25 .T i I of, claim
oo wheh Ererogresick pineSefi S B Rar W
each set having four pixels, one each of said first,
secondreadpuy drcusimy f ourth group of pixels, each set
sharing a comon readout circuit. 26. An imaging

deyiyceTaemhgihkMavica of ckih 28! tayre@ s figdeng a
plurality of pixels, each conprising a photosensor for

"t ogr MTER AR Pre ey FOa! AR ol BeBon,, 4

plurality of pixels has a first integration period and
a secoperigf.oup of said plurality of pixels has a
second integration period;a timng and control unit

f 0R8COMhE Anhiing dehieiofichih @7, omepsi bad firafgreap of

pi xel s; and an i mage processor for processing signals

read oy Wuri@y%f rp%@ijsoﬂg nbh! &b fil¥ered and said second

group of said plurality of pixels are color filtered.

29. The imaging device of claim 28, further comprising at least
a third group of said plurality of color filtered pixc‘ls having
a third integration period.

30. The imaging device of claim 29, wherein said third group of
pixels have a different color filter than said second group of
pixels.

31. The imaging device of claim 27, wherein said image
processor corrects temporal displacement of colors due to
the different integration periods.

32. The imaging device of claim 27, wherein said image
processor corrects motion blur by interpolating color data
based on data from said first group of pixels having a

shorter integration period.
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27. The imagi ng device of claim26, wherein said first
integration period is shorter than said second

WO nioegIssti on period. 28. The imagi ng devi ce of pCl/asrms/025579
27, wherein said first group of said plurality of
pi xel s are non-color filtered and sajd second group of
saBd. pAumethiodyof@ipepatiogl apigelaryicomprisinger ed. 29. The
i magi ng device of claim28, further conprising at

| east  gerdepitirfl EHaPEdd with & fikd Pl dftpho@bscasdor

filteréed pixels having:-a third integration period. 30.
The i i.n evi.ce of. cl ai.m,29, wherein said third
gr oupng'?nﬁﬁgfs\sé uﬁtgg%augn(ﬁcinpgrem color filter than
sai d second group of pixels. 31. The imagi ng device of

cl ai m generating diangesavith p sergadpleligsef phasprcacers
tenporal displacenent of colors due to the different

| Nt egr i a B&londditeg@Rionlpriddyagi ng devi ce of claim
27, wherein said i mage processor corrects notion bl ur

st Granene as Fopk i gBe ety o Bhrts i On”

period.33. A nethod of operating a pixel array

conpr i & regdofeqieity dthe isad gf saidifirst intemratian pl ural ity
of photosensors during a first integration period;
gener apérivgl;charges with a second plurality of

phot osensors during a second integration period;

transt gf LdeliinGRALGRS rbhPIiE ldnligihnf) & @l 1ty of
phot osensors |
photosensors to readout circuitry at the end of said second
integration period, wherein said first and second integration
periods partially overlap.

34. The method of claim 33, wherein said first integration
period begins before said second integration period.

35. The method of claim 33, wherein said first integration
period ends at a different time than said second integration
period.

36. The method of claim 35 further comprising:
generating charges with a third plurality of photosensors
dur'mg a third integration period,;
generating charges with a fourth plurality of photosensors

during a fourth integration period;
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to readout circuitry at the end of said first

i ntegration period; transferring charges from said
wageaendiopl ural ity of photosensors to readout CcPCT/UBLM05/025579

at the end of said second integration period, wherein

said first and second integraﬁion periods partially

over | aprangfarringrharges iy 66d chisd pluality@er ei n sai d

first integration period begins before said second

i Nt egr phbReidoky RkcadSut clft@itAEithhd eall of sad thisd,
wherein said first integration period ends at a

different tij. .88 d second integration period.
36. Themqﬁ%rfahgﬁptgp&g’l aanf%im 35 further conpri sing:

generat i n% charges with a third plurality of
phot osEABYEELE argss dram sad feweth phueligefperi od;
generating charges with a fourth plurality of

phot 0s phs@sénsdy ion@adodtadichliry it tgreat iofBaid €6l ;
transferring charges fromsaid third plurality of

phot os .eadout circuitry at the end of said
third ﬁﬁ?@rﬁﬁg{‘ gﬁgg'eri od; and transferring charges

fromsaid fourth plurality of photosensors to readout
ci Béui tihy mgthed of slgm %6, srercin sueist srcend ot
period. 37. The nethod of claim 36, wherein said

- first, anédfand idtbgmdon peofopartially avelpat i on peri ods
partially overlap. 38. The nethod of claim 37, wherein

saig fiigtine B84V aih 87, Yherein said first, second, third,
and fourth integration periods end at different times.

39. The method of claim 33, wherein one of said plurality of
photosensors does not have a color filter or near-infrared
filter over it.

40. The method of claim 39, wherein said unfiltered
photosensors are integrated during the shortest integration
period.

41. A method of operating an imaging device comprising;:
generating charges with a first plurality of photosensors in a
pixel array during a first integration period;
transferring charges from said first plurality of photosensors
to readout circuitry at the end of said first integration

period;
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and fourth integration periods end at different tines.
39. The nethod of claim 33, wherein one of said
w@bawalicty of phot osensors does not have a col peT/UB200£025579
or near-infrared filter over it. 40. The nethod of
claim 39, wherein said unfiltered photosensors are
i nt egr gematating cheggesheitls heecoasitplirlisyeiophaasapepisod. 41.
A net hod of operating an inagi ng device conpri sing:
gener af ngiehargefud Dscohd luftgRbidh Pekiow; Of
phot osgingglrxghiﬁ% a 6@&{15 array d%ri ngeﬂa first
i ntegrati eriod; transferrin har.ges. from sai d
first Hﬁﬁggqr&gfh@fgcﬁmgéiéﬁ%%tpgu?égfd%ﬁt circuitry
at the end of said first integration period; generating
char gepheiostnsarsswooadbysi circaitivtat thé epdiof saidisemngl i n a
pi xel array during a second integration period;
transf gliedingos pariggs fromsaid second plurality of
phot osensors toO readout circuitry at the end of said
second integration perjod: controlling the integration
per | odgorbtfglgﬁg&h’bwggmﬁ?? Bgriade W&%laﬁ“a‘yisﬁf}égr ation
periods end at different tines; and processing signals
read othatissidsaicgrativaduiods end af diffgrent 2imeshendret hod of
claim4l, wherein said integration periods partially

ere | Pt st a1 22
| ny59" ic%‘c 8<riio?glaim 41, wherein said integration periods
partially overlap.

43. Th; method of claim 41, wherein said first integration
period is longer than said second integration period.

44. The method of claim 41, wherein said step of generating
charges with said second plurality of photosensors
comprises generating charges from non-color filtered
incident light.

45. The mcthpd of claim 44, wherein said step of generating
charges with said first plurality of photosensors comprises
generating charges from color filtered incident light.

46. The method of claim 45, wherein said step of processing
signals in;ludcs interpolating color information by

subtracting signals from said first integration period out of

signals from said second integration period.
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44. The nethod of claim4l, wherein said step of

generating charges with said second plurality of
wEbmbosemsor s conpri ses generating charges fropP@T/US2005/025579

non-col or filtered incident light. 45. The nethod of

cl gbm [ el ai d-st of nerati ng charges with
sy B pROROE P B3 57 ERrBL RS SR Yrshd Ptk
generating charges fromcolor filtered incident |ight.
46. Thugnas foeechT teanparah displacgieans iof celairsidiet epthef
processi ng signals includes interpolating color

informﬁﬂk&mtbyfgu@bhqgﬁbag signals fromsaid first
i ntegration period out of signals fromsaid second

i Nfearaf i ipd.A47..-The nethod of claim45, wherein
sa‘?‘% s?é% 8{01?1? (%{r 8@@%@ ﬁé’ ﬁﬁ’ﬁ:}ﬂ %a“g §FP é’gpgoctcé%r al

di spl acenment of colors due to the different

i nt egr 3gRdTCqsEctometiondlurthe et hod of cl ai m 45,

wherein said step of processing signals corrects
notion bl ur.
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