FUSED MULTI - ARRAY COLOR | MAGE SENSOR FI ELD OF THE

I NVENTI ON [ 0001] The present invention rel ates
w@emened2ly to the field of sem conduct or devi CEGT/ERIN07/005439

nore particularly to nmulti-array imge sensor devices.

BACKGROUND OF THE | NVENTI ON [ 0002] The sem conduct or

i ndustry currently produces different types of

sem conduct or - based i nage sensors that use

m cro-l enses, such as charge coupl ed devices (CCDs),

CMCS active pixel sensors (Aﬁ;&b phot odi ode arrays,

char ge i nNFEISERMEBTIcARRAY ORIMAGE PENSO

arrays, anong others. These i nage sensors use

m cro-lenses to f [ iation onto

phot oconver si on d3@#@@5?ﬁgiﬁﬁffﬁﬁﬁﬁiiiqﬁggs. Al so,

t Lage sensors n [ : :
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wth a particular color. [0003] Mcro-Ilenses help

i ncrease opti GACKEROUNDY GIMITHEINVENTIOM al k

bet ween pi xel cells of an inmage sensor. FIGS. | A and

| BO8RjoTh@s¢mjrondawtamihdastiynpirkéntitprodiseesslifferesv typesof

portion of a conventional color imnmage sensor usi ng a
semgigoidustpiobaged inaageeansers ikt e By cHplPreae suchpe sharge
T0

_be .The i ncl udes pi xel cgl 1 eac s
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N | . - i i g f %
AL S8R RS FRIHSHATASHASE A, g ! e
imAgE serdstfs ubdPnicfOferideb 46 Fé@lskde@fdmigASEc AREation onto photo-

cro-lenses 20 that collect and focus light on the
coRb@isibredendiess ieos), phutarieddr Alsb2thesé 2inagelsensorscan use color
filters to pass particular wavelengths of electromagnetic radiation for sensing by

the photo-conversion devices, such that the photo-conversion devices typically

are associated with a particular color.

[0003] Micro-lenses help increase optical efficiency and reduce crosstalk
between pixel cells of an image sensor. FIGS. 1A and 1B show a top view and a
simplified cross section of a portion of a conventional color image sensor using a
Bayer color filter patterned array 100 (described below). The array 100 includes
pixel cells 10, each being formed on a substrate 1. Each pixel cell 10 includes a
photo-conversion device 12r, 12g, 12b, for example, a photodiode, and a charge
collecting well 13r, 13g, 13b. The illustrated array 100 has micro-lenses 20 that
collect and focus light on the photo-conversion devices 12r, 12g, 12b, which in
‘turn convert the focused light into electrons that are stored in the respective

charge collecting wells 131, 13g, 13b.



turn convert the focused light into electrons that are
stored in the respective charge collecting wells 13r/
wda3g;7/1482 [ 0004] The array 100 can al so i ncl udeCDUS1987/005439
covered by a color filter array 30. The color filter
array 30 includes color filters 31r, 31g, 31b, each
di sposed over a pixel cell 10. Each of the filters
31r, 31g, 31b allows only particul ar wavel engt hs of
light to pass through to a respective photo-conversion
@804 elhelypay 400 yan tbse inohate é1 be evvexed by a eolar fidegadray 30.
in a repeating Bayer patterrn that includes two green
The oblor filtermeray 3 indwdesesadey filters gl Bg, 131b; eaclodispapetl over a

b] | or f 31b, h FIG |A
plpréésig oBectieh teltemi e, 715 PP oresory pavHCHRe denghs

of }_‘l‘g?%“PLPE?SF@é’F arerafy § e By PR apavaii e prEthay gpically, the
rfireriin v S ok e
col%f1 Bifeld191 ﬁf%eejveﬁ gé& c@;ﬂ)rtfﬂtéi' J1¢ lAhHrﬁlué %Qlo?efﬂf&riﬁ'ba hribfged as

e arra lelectric ayer IS typlca

shdbaYh ded. Pst ween the color filter array 30 and
m crol enses 20. [0006] One mj or di sadvantage of the

Bayer pattern color filter, and of other color filter
19905 rBeswentthe selad ftleerrrmamgo rRaR the pieal selly &0 iman interlayer
single array, is that crosstalk ano pi xel s (i

dielaotae (110 spbicstibe edkoh refga%ﬁgymeﬁmgsgﬁgmm Shyersot
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ocused on the correct pixe

arraﬂngarA aRllétat 18f@BisalbidalyPioviiddbétifeenl tBe MRS £il@dr array
the filtered red’light reaches the correct

30 phatmniceslensgssion devi ce 12r, but sonme of the filtered
red light 16 intended for red

[0006] One major disadvantage of the Bayer pattern color filter, and of other
color filter patterns that use alternating RGB filters over a single array, is that
crosstalk among the pixels can effectively reduce color reconstruction |
capabilities. Crosstalk can occur in two ways. Optical crosstalk occurs from
several sources, on being when light enters the microlens at a wide angle and is
not properly focused on the correct pixel. An example of angular optical
crosstalk is shown in FIG. 1B. Most of the filtered red light 15 reaches the correct
‘ phéto—conversion device 12r, but some of the filtered red light 16 intended for red

photo-conveérsion device 12r is misdirected to adjacent green and blue pixels.

[0007] Electrical crosstalk can also occur in the array through a blooming
effect. Blooming occurs when the mten51ty of a light source is so intense that the
“charge collectinig well 138, 13g of the plxel cell 10 cannot store any more electrons

and provides extra electrons 17 into the substrate and adjacent charge collecting
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phot o- conversion device 12r is msdirected to adjacent
green and bl ue pixels. [0007] Electrical crosstal k can
wa@bk®o/1eeur in the array through a bl oom ng efP@DUS2007/005439
Bl oomi ng occurs when the intensity of a |light source
IS so intense that the cnafge collecting weip "3r,"13g
of fifie pixel cell 10 cannot store any nore el ectrons
and provides extra electrons 17 into the substrate and
adj acent charge collectingwells. Wiere a particul ar
wellsl Where.agparticedar idoparg.i wed, & pyrticrlal éntensd, ¢his blooming
bl ooming effect can artificially increase the response
effest cadjaagfiniallyrinerease theoraspopps @f adjarenfomeenangdilig pixels.
t herefore, be advantageous to have alternative color

STl P 23R o e
e S8 52 Al BERAEL B AR color o an

whY@ hﬁﬂgaﬁé%:gﬁkarﬁtgmﬁiﬁpﬁkd@@c&icél RESIsPAKat es multiple

i mage senso , having separate respective col or
filters, on the sanme imger die. One exenplary

enbodi nent | BRIEH SEMVEERYODFCOHEINVENTHAQiNural ity
of arrays of pixel cells at a surface of a substrate,

PRI Theemutengioxe in vetibug exgmplasy empedintetsnnepiasates

devj ce. Each array is configured to capture t f} sane
multipledPpRBeFEISPT PERY SsHRVIBEHSRRRTAC FRRACHES Pl gfﬁfé on the

i rpge to.each array. ;An | . processar._ circuit i . .
serpg ARBEELdia (TR e p e, T PgTeRrREs S e pyr Paprisin o

C , .
PSS BEsh DO cROPLUAER Pl SETRTLINE, FRERYTgad el ol
corﬂgﬁ\é\lé HA0BhvERgorh aperel FachRRdral ReRonfiduasd 88esptand the

features of the invention will becone nore apparent
sarhé dfagb®ycat eptiesl systmn iwtich profidesdhp kamye iemgedormach grray.
An image processor circuit is connected to the plurality of arrays and configured
to combine images captured by the respective arrays, and produce an output

image.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The foregoing and other advantages and features of the invention will
become more apparent from the detailed description of exemplary embodiments

provided below with reference to the accompanying drawings in which:

[0011] FIG. 1A is a top plan view of a portion of a conventional Bayer pattern

color image sensor;
[0012] FIG. 1B is a cross sectional view of a portion of a conventional color
image sensor;

[0013] FIG. 2isa top pian view of 2 2x2 array image sensor according to an

embodiment of the present invention;
3



provi ded below with reference to the acconpanyi ng
drawi ngs in which: [0011]] FIG IAis atop plan view
wo@Roov1eiz i on of a conventional Bayer pattern BOI/082007/005439
i mage sensor; [0012] FIG IBis a cross sectional view
of a portion of a conventional color inmge sensor;
[0013] FIG 2 is a top plan view of a 2x2 array inmge
sensor according to an enbodi nent of the present
invention;[0014] FIG 3 is a top plan view of a 3x1
a{ﬁowj FITh 3eis Set0opaplafodewd g oakap ifapge eahast drepidiaf to
the present invention; [0015] FIG 4 is a cross
anotietrieorzddiment of fthe ppesenit amverftiarhe array according to
an enbodi nent of the present invention; [0016] FIG 5A
Is a graph showing the relationship between parallax
slﬁpﬁ]g&d; 4ina erest sectionat vigve of aiportiae ©f tae aewy ascerdisg to an
ccQrding.to an enbodi nent of the present invention;
e iﬂenﬁggh%ﬁrqsgnﬁlrﬁ’lﬁé‘mnéhow ng the rel ationship

bet ween parallax shift and the di stance of an object

f t I e | '
JORLE) 5, PR e B A bRPen paraflax shifrand
thcdtBafo-e80kt Althndd B¥tvlerfaPyd AQBrding! toeardéf@®bdiment of the
accordi ng to anot her enbodi nent of the present
prégeve iveation; 0019] FIG 7 is a cross sectional view of

a portion of the array according to another enbodi nment
of the Ipresent i nvention; [OOZO} FIG 8A is a top_ plan

VPBH IoF1Ca P B isagsmapsrhioayingdhs rplatienshin bgtwaendparahax shift and

an, enpbodi nent. .of the present invention; . .
the disfance of an object ftrom fheTenses of the array dccording to an embodiment

of the present invention;

[0018] FIG. 6 is a cross sectional view of a portion of the array according to

another embodiment of the present invention;

[0019] FIG. 7 is a cross sectional view of a portion of the array according to

another embodiment of the present invention;

[0020] FIG. 8A is a top plan view of an imager employing a pixel array

according to an embodiment of the present invention;

[0021] FIG. 8B is a top plan view of an imager employing a pixel array

according to another embodiment of the present invention; and

[0022] FIG. 9 is a top plan view of an image system employing an imager

pixel array according to an embodiment of the present invention.

DETAILED DESCRIPTION OF.THE INVENTION
[0023] T the folidwinig détailed desciipHon, refererice is made fo the

accompanying drawings, which form a part hereof and illustrate specific
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[0021] FIG 8B is a top plan view of an imager

enpl oyi ng a pixel array according to anot her
wepdodoizent of the present invention; and [ 0020¢T/B$1807/@5439

is atop plan view of an i mage system enpl oyi ng an

I mager pixel array according to an enbodi nent of the

present invention. DETAILED DESCRI PTI ON OF THE

I NVENTI ON [ 0023] Iri the "follow ng cfetail ecl

descri pHonTrefererice is nmade to the acconpanying
embogiimests ingvhich therinveniien magebe practingd; |Intbe daawings, like

speci ficenbodi.nents in which the jnvention may be
fefsfe&wﬁi%%ﬁfr hdesreibesyfstandially; %@%F@Wrﬁaﬁﬂm@wt the

escrd b bst ant.i al.l y _sim|ar conpanent.s .t hr qughout
sefeFR0 LS, S B el B StncreRanatEf deat ARt nabte

fd el ent ' Il 0 the art

hSENELA Rl pERAFRTRe Bl BB Ry e lion that
otHdp@km saed) i ' i '

str uc%cggl(e:rﬁl ogi‘cal ﬁgﬁggg%’aeﬁgfgﬁtglﬁ%ﬁ%ﬁégg%ﬁgg%g erlrelalcérelcell
charigdsaniay bepasde nattiaardddaetiagifrich taedpaacatd o the present

present invention. [0024] The terns "wafer" an
invegitiont r at e" are to be understood as including silicon,

silicon-on-insulator (SO) or silicon-on-sapphire

ped ,and undgped sem conduct ors,

&ﬁﬁ%ﬁxﬁ%cpqg%g’%éf@g’pgm i sBhstEalispre Eubpyurulessiopd as including
siti S AR EEh e BB S on i rPeraneRBis (SO deinglagy, doped
and Yﬁ?tﬁ%géd QemiSsEhBEE "epitgxfaﬂ ?aje?% bouh A ?n %ﬁ?@%&‘%&i’ lﬁpa base

previ Ous process st eps” may ave een utill 0] orm

senfiieghdnetorfoliHds6bR nd BilidtBehasendedtbf SRHUALRS. Furthermore,
structure or foundation. In addition, the
whesmefrrencisonade eolarfotafbe’ of tiubstrabesedthelfollonany debeription,

based on silicon-germani um germani um or
Preypys BrRcspsERPE &nay have been ufilized to form regions or junctions in 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.

[0025] The term “pixel” or “pixel cell” refers to a picture element unit cell
containing a photo-conversion device for converting electromagnetic radiation to
an electrical signal. Typically, the fabrication of all pixel cells in an image sensor

will proceed concurrently in a similar fashion.

[0026] FIG. 2is a top plan view of a multi-array image sensor 200 according to
an embodiment of the present invention. In the illustrated embodiment, image
sensor 200 is a 2x2 array sensor. Image sensor 200 includes a substrate 201 on
which foﬁxj- pixel arrays 213r, 213b, 213g, 213g’ and associated support circuitry

"250°foF Sach Aiiay 2136 2135, 2138, 2138 ara tabrisated. The fiiustrated
embodiment contains two green pixel arrays 213g, 213g’, one red pixel array 213r
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[0025] The term "pixel"™ or "pixel cell" refers to a
picture elenment unit cell containing a
w@hb@voexenver si on device for converting el ect rpCEYS®DT/G05439
radiation to an electrical signal. Typically, the
fabrication of all pixel cells in an inmage sensor wl|
proceed concurrently in a simlar fashion. [0026] FIG
2is atop plan view of a nmulti-array imge sensor 200
according to an enbodi ment of the present invention.
and mretdue ipivaltareye2l 3ntOpghgeawallsBtfesepansterthe ddividaal arrays.
2x2 array sensor. |mage sensor 200 includes a
Fosm bgagmgefllzez:s Zﬁdrmlbh%lg,u 23pgkate rgspegtivedy arrangedmbove the
213 and associ at ed support C|rCU|tr¥ 250 for
1

Pl’@ééﬁraé{lsr‘?& r22ﬂ§b 272353?i13a1159a Bayeygpatigra: tleae filtag 23lr ip néranged
aboye i pieed ansy A% Tt 1B AP s 25paiad aboNe bpe el biray
24 45 @zegrfifllt%%lgoz@%%r@n%g% MRS g pce
arr%?@gil’;g%@ 2F8uf ﬁﬁ%ﬁg'wﬁé% N AU thrRRVehdvaanBl; fﬂggéng

rays 213 213b 213g' in a Bayer pattern.

filtbtd 23, 230, 23$g,azeagnged above red pixel array 213r,
blue filter 231b is arranged above bl ue pixel array
213b and green filters 231g, 231g' are arranged above
r[@@%cmw@ilgg@ew%méramqlay imagagensorayt a single die allows the

rediHm & eolpy Srosaialk SHdagts, a”geijalf‘y[b%a%?}% {é‘é‘%{e% mpdules with
. | di

pixBhb e b el @ lerb R0 ENaRhe PRI B e ieSBhi 2R 100
zlsfégo mgg«ms& @@eﬁraas,ggxgta@m JJth % LZE%e L&SS £1§t%?§‘231r,

ons by 6 mc Mul tiple arrays

23121 2b1g,22Ag, adlidges slipai@esblonp arfs)rmghee Wtlefducing the focal
contalnlng separate col or fllters 231r, 231b, 231g,

lenggh of thehmagiag leupeystem. Chis rar;ae'rg‘emeretmaa SI‘ngﬁEantly reduce
redum?nq? the focal length of the i ng | ens system
colop rrosgtalkigereener cam IBAgHE kensith S%@gt% focal length can

minimize parallax effects and allow a camera module employing image sensor

200 to be more compact.

[0028] The multi-array layout has several advantages over conventional
systems. In addition to providing a lens with a shorter focal length, the color
filters can be more easily embedded in the imaging lens itself rather than
requiring individual color filters for each pixel, providing better flexibility to tune
and optimize the color filters for better color image reconstruction and maximum
photon throughput. As discussed above, color crosstalk can be significantly

- reduced because the different color filter arrays are completely isolated.

[0029] In addition; color aliasing will be reduced and demosaicing will be
UNTECEsSaty, ab Cothpared to ai aFfay GSing a Bayer pattern fiter, because of the

single pixel accuracy of each color filtered array. Using separate color arrays also

6



color crosstal k; noreover, an imaging lens with a
shorter focal length can mnim ze parallax effects and
wa@bkdoomor1zaner a nodul e enpl oyi ng i mage sensor PODUSHOT@5439
nore conpact. [0028] The nulti-array |ayout has
several advantages over conventional systens. In
addition to providing a lens with a shorter focal
| ength, the color filters can be nore easily enbedded
inthe imaging lens itself rather than requiring
allowd invodifiaxibititp in hrédsenshiasrexpashreptine corjralvrd separate pixel
better flexibility to tune and optim ze the col or
pafarheter optionizaton encl ebot-g+ APUTIdEsPRAI) EONVRrSTHZAIN, etc.
maxi mum phot on throughput As di scussed above, col or

crosstal k c nj fi cantl red d because the
Gb8IE St pssl leretblengss qadise e frmggs pEsp per

terandin Eoh g W 1piofdf g Bl B %fcﬁ" b SessBRAERS e
sh&LP% c%f le}rg[ﬁ‘&a a"i’é(s to &&eﬁﬁ@&r RhHth ©F Lﬁ%{d 8k {l?é’ﬁnaﬁmg

al soal T ows®nore eXI Ity I n areas such as expos

mdddlB aﬁﬁ%é? |a11€0¥i1t§ SRAKSIBIdH atChutdAfoRIB eEcHAREHI zat i on
such as, e.g., spectral response, conversion gain,

etc. [0030] Shorter focal length | enses may be used
Heazi]de theebovegemiodianges, dreesachariny Ressaitured animage, the
of the a typical Bayer _pattern sens array.. Thi

imageisassigneda coler grcepndr%asw ﬂreeeol%ogﬁweﬁetferrawedttmrmy
f field of th t
Thise i Tase B Y 4 SOURTRBORARTEA ST BUYICH 1P ipheCapiye which
co BR FPOou Q8RR AR R PRMES R AR rom cach
Ofg{eglhgyg.ilter above the array. These i mages can now be
conbined to forma single RG color output in which

each pi xel of the output uses pixel values froma
d6032sPunBGRycqlox eutpuiomeay exhibif seme dagrey of parallax error in at

least one linear direction because the arrays are attempting to capture the same
image from different positions on the same plane. In general, the shorter focal
length eliminates a large portion of the parallax inherent to using separate color
arrays on the same die. For situations where parallax error is large enough to
interfere with the proper reconstruction of an image, e.g., where an object to be
captured is trery close to the imager lens, post processing of the captured image

(discussed in detail below) may be performed.

[0033] FIG. 3 is a top plan view of another multi-array image sensor 300
according to another embodiment of the present invention. In the illustrated
embodiment, image sensor 300 is a 3x1 array sensor. Image sensor 300 includes a
substrate 301 which houses three pixel arrays 313r, 313b 313g and associated
support c1rcu1try 350 for. each array ThlS embodnnent contams one green pixel _
array 313g, one red ptxel array 313r and one blue prxel array 313b. Opaque walls

360 separate the individual arrays. Three imaging filters 331r, 331b, 331g, are
7



[0032] The RGB col or output may exhibit sone degree of
parallax error in at |east one |linear direction
whewansr11 he arrays are attenpting to capture PCEUSHOB005439
image fromdifferent positions on the sane plane. In
general, the shorter focal length elimnates a | arge
portion of the parallax inherent to using separate
col or arrays on the sanme die. For situations where
paral lax error is |large enough to interfere with the
arrahgp@rabbee @ash pised] aeray 1326135883z CREd filWh®B3er & arranged
object to be captured’is very close to the i mger
abbenpixep asiay18e dsisk fijtenB31hés amphged dbowapexd] dirempu3E3tdand
in detail below) may be perfornmed. [0033] FIG 3 is a
greanyfilsendslg iswringedattiowe pinekarray 843g.i Whige iseagiog leages 320
accordi ng to anot her enbodi nent of the present
arq #xyanged aboy ¢ thekesperting imagingditrrg Babnh 331l sensor
300 is a 3x1 array sensor. |Image sensor 300 includes a

S 3 5t PR B P e
o5 560 cHhogTO O 0 S0 0GRS DUSER T thcs mages

caiPh¥®f b@bsapbireBho fdrhns e RGB 360r ripphat € the
i ndi vidual arrays. Three 1maging filters 331r, 331b,

331g, arearranged above each pixel array 313r, 313b,

J003p] RSa1fartayeimagisensor has dngyadditlnad adivantagerofapnfining

313r, blue filter 331b j s arranged above pixel arra
ang PFRlReEPEEH? a9 krgar shtestion. &y aw@aa%&pearmfew that
palleoniy et IR firac R ool pR PH S ponyy
prc[c%ggiﬁk er%%e %cg g%&)trﬁg‘ﬁ\ﬂamé)ﬂﬁéggﬁgﬂl #Hd @a?tgg{% image data may

captu an | e 1 nage | s°assi gned

be 8&idedi. Ng to the color of the filter above the array.
These i mages can now be conmbined to forma single RGB
col or output. [0035] A 3x1 array inmage sensor has the
ddepalildkal iadvanssapstionakvighi of agortion of an image sensor 400

_according to any embodiment of the present invention (e.g., according to the 2x2
or 3x1 pixel arrays shown in FIGS. 2 and 3). Sensor 400 includes a substrate 401
on which a plurality of pixel arrays 413r, 413g and associated support circuitry
(not shown) for each array are fabricated. The illustrated portion shows one
green pixel array 413g and one red pixel array 413r. It should be appreciated that
there is at least one blue and array and possibly another green array that are not
shown in the cross sectional view. Opaque walls 460 separate the individual
artays and imaging lenses 431r, 431g that are arranged above each respective

. pixel array 413z, 413g.

[0037] As an object to be imaged 470 moves closer to the imaging lenses 420,
. the individual arrays 413t, 413g will exhibit an increase in parallax shift between.
them. The magnitude of the parallax shift between two arrays is approximated

by the following formula:



any parallax errors to one |linear direction. By

arrangi ng the arrays such that parallax only occurs in
woep@7honear direction, the anbunt and type of POBUS2007/005439

processi ng necessary to reconstruct the image fromthe

captured i mage data may be reduced. [0036] FIG 4 is a

cross sectional view of a portion of an inmage sensor

400 according to any enbodi nent of the present

invention (e.g., according to the 2x2 or 3x1 pixe

arrays shown in FIGS 2 an d £3)D Sens?b 400 includes a

substrate 401 on whi'ch’a pTuqallty ot ’pi xel arrays

413r, 413g and associ ated support circuitry (not

shomn) for each array are fabricated. The illustrated
wheoe tiio thes pavedlagrshify déstanpd s theiimage P13y aaray, die the focal

pi xel array 413r. It should be apprecjated that there

lengsh of theless, Bria the s@taﬁép‘a?rptgy digtengpbeivren ﬁwdmearrays, and

O G b Br 05 35 P e 9 3854 s 0.
il I

n
oS eSS e A, %S“?i‘?’éﬁcg%%%ﬁa?' ’

exhibit an increase in parallax shift bgtweerji them
Toessegaddrdieg & fdrieulpdy aldeareastiid fodzd tevegth B wnd Anreagecrease
is approximated by the follow ng formul a:where d is
in tétdelpm-adamtax déstanfice bietsveendbe anrayisdd iwidlgeesplbinla dearegse in
is the focal length of the,lens,

ove@ﬁltmrailex gt &r adB’é’FHerée% chisfamse ©h helseblsrt diptancg () can be

19E d'%}n} %tggtte Na LS vaRlGEN difaRe UTREIn Hice, e
RS R S S g e
O Ray l?éelr@ﬁeﬁé\l&d' Gt dproximated, the parallax shift calculation can be

petformed.

[0039] In the example shown in FIG. 4, a portion of object 470 is captured by
pixel 475 on sensor array 413g, but by pixel 476 on sensor array 413r instead of
corresponding pixel 475. By selecting one array, e.g., 413g, as a reference array,
the parallax shift d is calculated from the object distance O, focal length F and
center-to-center distanice D. The required number of pixels n to shift the output
image of 413r can then be calculated by dividing the parallax shift d by the
center-to-center between pixels w. In this example, when providing an RGB
output, the output of pixel 475 for the green array will be used with the output of
pixel 476 of the red array. Of course, the RGB output will also include a
_éor‘respondirig pixel from a second green drray and the blue array as well, shifted

.as-necessary to correct foi parallax:shiff.



[0038] According to forrmula 1, a decrease in focal
l ength F and/or a decrease in center-to-center

waelr@raemee2 bet ween the arrays D will result in BCT/US2007/005439
decrease in overall parallax shift for a given object
di stance O The object distance O can be manual ly set,
or can be detected by a conventional distance
detection device, e.g. an infrared sensor or autofocus
mechani sm (not shown). Once the object distance O has
bl@e#0 I EKs (redos exapplois agraph showingtiae relatiohstip between
cal cul ati on can be perforned. he exanpl e

paSalt Pt P the TIBF £5-6PRiSF ciripBce DA esnaRpRR etpedyon 2
Pl G5 L7 ragrone 4 arop e JFtadise LoChAHuPRY BIGHD iapother

e SRR LIR Ao e P S i distence of
anPi&E O Hoph ﬂ{{rkﬁFenQes 5@@@3%%@%\?&5 Pﬁﬁggﬁg E%'éiotg%;xﬁl?c?{bﬁg and a

I Stance D. e require

cer{BE tOUbALdr disRBee Df ofddm.Can then be cal cul ated by
di viding the parallax shift d by the center-to-center

between pixels w. In this exanple, when providing an

ROBt Huf pebject HistaneQtinofeagisk phrallet dtoft d becgrneenegligible. For

array will be used with the output of pixel 476 of the
exgrppgle forthe design grampls showein §lGphB, wilthi a pixed ajpiselsize of 2

i e B S D 0 Sl Pl
i s 4 FIG b5A f
ne%%r%p?ﬁc%t, (gk?}éCta&g{aglgﬁg( ts)si‘é)pv%lg{neé [tﬁ%éq%%l ati onshi pOLet ween

parallax shift d and the center-to-center distance D

ljob4m EWhké anSniageREnelindoBje® hAiiAg daffererFiohi QR Sliftifces O,
an object distance O of 100mm FIG "5B is another

esppcilly, whiehdhesshdistartiche O alediathrssimlpahé tawgen tipainad gevnay be
shift d and the distance of an object O fromthe

corggfed foppne REjegt Pajhe ethspdlapengding palussr peefsrerces and

prorgess:sril(’)\gSse{?&]r(«]lgs‘?t Again, as focal length F and center-to-center distance D

decrease, the parallax shift d will be less pronounced even for objects having

small object distances O, allowing for fewer tradeoffs when capturing images

having both near and far objects.

[0043] FIG. 6 is a cross sectional view of a portion of the array according to

. another embodiment of the present invention (e.g., according to the 2x2 or 3x1
pixel arrays shown in FIGS. 2 and 3). Sensor 600 includes a substrate 601 on
which a plurality of pixel arrays 613r, 613g, 613b and associated support circuitry
(not shown) for each array are fabricated. The illustrated portion shows one red
pixel array 613r, one gréen pixel array 613g and one blue pixel array 613b, each
having a respective color filter 631¢,'631 g 631b. “For simplicity, the embodiment
shovm i FIG. 6 ‘sﬁbwa“]ﬁiieiia}fég%s‘féi‘ér;:éié”g";"-"s'iﬁb‘ that are eight pixels wide,
but it should be appreciated that the pixel arrays 613r, 613g, 613b may contain as
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center-to-center distance D of 3mm [0041] As object
di stance O increases, parallax shift d becones
woeglitgi2bt e. For exanple, for the design exanpPE&r/Ekmor005439
in FIG 5B, with a pixel a pixel size of 2 mcrons and
a center-to-center distance D of 3nm parallax shift d
becones negligi ble at object distances O greater than
Im [0042] Were an inmage contains objects having
di fferent object distances O especially when these
maliy bane ésw Qizele abdesiradralt shaudid bisodse apiveciated ¢haethebemay be
corrected for one object or the other, depending on
addiétbonalrastayseihat areamet shvovere s theycroess séatipnal xigavn Opmsjue walls
focal length F and center-to-center distance D
660 separate the mdipisual paays andargays of imaging denses 6R6 thakare

even fqr objects having.snmall objec i stances O
AT AR AR VR aCh CaEE Yo S AL 2 BFT LA B T wages
havi ng both near and far objects. [0043] FIG 6 is a

;L@i@hﬁ?%. (é%o %\Eﬁ’t,gr%ggeéﬁﬂﬁfl ifﬁ’tgx%i&{ti%{eé% rs%[%%%’ens over each

according to ano podi ment” .
artdVET¥:] O1Bg 81%b (as3AIRE Ehllbdihelrts Sh WA iRFIES 2R XRspective
arrays shown in FIGS. 2 and 3). Sensor 600 inclUdes” a

arylif miceolefide06R0vrE Eobriicatbd ot bite Ok nbreepixalsriaygach array
613r, 613g, 613b and associ ated support circuitry (not

613h 6uAg, §13b. cluhindividyablemséabayoenved andfocus light oataeg number
portiogn shows gne red pixel array 613r, one green )

of pixels; inthe srecifig eahediment shewpi RdilGa fPa pach BHr cgas in each

~havj a res tive coJor filter 631r,..631g9, 631b. For

arigh ecites® SRR Eocuin BRRERR R wite] SeHish Bia FA2paftzEl of the

pi>?e{1§ gﬁ%ﬁﬁ%”g 639- &30 that are eight pixels wde, but

apprecrated that the pixel arrays 613r,
613g, 613b may contain asnany or as few pixels as
qos45eHIG. |7 issh@ubdlsektionabeieappf & poatiefl of ilRé ata§rRcHRYing to

be additional arrays that are not shown in the cross
arigéer ieonodimeny.of papresenainvention (e.g., according to the 2x2 or 3x1
pixel arrays shown in FIGS. 2 and 3). Sensor 700 includes a substrate 701 oh
which a plurality of pixel atrays 713z, 713g, 713b and associated support circuitry
(not shown) for each array are fabricated. The illustrated portion shows one red
pixel array 713r, one green pixel array 713g and one blue pixel array 713b, each
having a respective color filter 731r, 731g, 731b. For simplicity, the embodiment
shown in FIG. 6 shows pixel arrays 713r, 713g, 713b that are eight pixels wide,
but it should be appreciated that the pixel arrays 713r, 713g, 713b may contain as
many or as few pixels as desired. It should also be appreciated that there may be
additional arrays that are not shown in the cross sectional view, Opéque walls
760 separate the individual arrays and arrays of imaging lenses 720 that are
arranged above each respective pixel array 713r, 713g, 713b. The embodiment
shown in FIG. 7 additionally contains lens elements 780r, 781r, 780g, 781g, 780b, .,

781b.
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660 separate the individual arrays and arrays of
i magi ng | enses 620 that are arranged above each
w0 empaeRiyve pixel array 613r, 613g, 613b. [ 004B{T/U82007/005439
this enbodi ment, rather than fabricating a single |ens
over each array 613r, 613g, 613b (as in the
enbodi nents shown in FIGS. 2-4), respective arrays of
m crol enses 620 are fabricated over one or nore pixels
in each array 613r, 613g, 613b. The individual |enses
P46 b ems abein eoisUAB0k, Wit, 80gaNglg Tigdby 781 @ie@ptenidd to
the specific enbodi nent shown in FIG 6A, each mrco
predsice thebest fagal apobrobitian and abefrationdsed pgiformanee for the
four pixel sectiaqgn (in_a 2x2 patterqz of the pixels
wayqlenstharange of eagh celos filter 384x5173tg51p. iRorexanaple, since pixel
sectional vi.ew of . aortion of .the ar ccording to
arEGALRER BBUAISONI T Single Tt EltRy oty Bie e of 18nses 780r,
ording..to the 2 ory 3x1 pixgl arrays shown in .
7o 61 B B iRab Rt Rl g vorRog B iR i optip range
o g o Q1B My Sl o feipshiat ity A e

dopah@¥mplhts aRdicpatachl (EPD 1y élgidiaiead aBMilgd Qlif&@AYErrays 713r,
one red pixel array 713r, one green pixel array 713g

71307 i3he Hoiresapiplel byafabaicatihglihe &R Bayea(inbg sRown) within blue
_respective color filter 731r, 731g, 731b. For
pielagrdyc713p tot havesntiidimess smibewough & @nlyereshond tpiblee light
arrays.713r, 7139, 713b that are ei ght pixels w de,
wasplengthg HF&OEE%QHH%@@PéPéﬂbPWQFt pi xel arrays
713r, 713g, 713b may contain as many or as few pixels

T . | i . t.her
LA MR Ry S ORIREALLB8 f ara o

thE bR EBSHIRBAFIC! 84 THRAfRhESr SRPInRARMESY Pidl el array

i ndi vidual arrays and arrays of inmaging | enses 720
801 hetordireg &0 amegtbdibewne of dehinvesfieat M. drirXPBORLLAPrises a red

713r, 713g, 713b. The enbodi nent
array 813r, a green array 813g and a blue array 813b, similar to the embodiment
shown in FIG. 3. The array 801 can also comprise one or more arrays of the
embodiment shown in FIG. 2, or any other similar arrangement using multiple

color arrays.

[0048] The rows of pixel cells in array 801 are read out one by one.
Accordingly, pixel cells in a row of array 801 are all selected for readout at the
same time by a row select line, and each pixel cell in a selected row provides a
signal representative of received light to a readout line for its column. In the
array 801, each column also has a select line, and the pixel cells of each column

are selectively read out in response to the column select lines.

[0049] The row lines in the array 801 are sélectively activated by a row driver

882 in respornise to Tow address deeodsr 881, THe Goliifnn Select fines are
selectively activated by a column driver 884 in response to column address

12



shown in FIG 7 additionally contains lens el enents

780, 781r, 78Qy, .78lg, 780b, 781b.[0046] Lens
web@mees2 780, 781r, 780y, 78lg, 780b, 781lb aPEI/US2007/005439

opti m zed to produce the best focal spot resol ution

and aberration free performance for the wavel ength

range of each color filter 731r, 731g, 731b. For

exanpl e, since pixel array713r is associated with a

single red color filter 731r, the set of |enses 780,
ded@der 885n Thecawpy BO1 mexpdrated: e theedming andnmpritral aingeit 883,

rather than the entire range of visible |ight.

whighicontrold addresy degadeys 88hB8aIfepsdlecting the apprapsiate row and

varying the dopant jnplants and epixatial (EPI) |ayer
columit iRgs S0TaRIYR S%nﬁffr@ﬁéﬁvt-arrays 713r, 713g, 713b. For
exanpl e, by fabricating the EPI |ayer (not shown)

S5 B5 L  Shy DEE AR e
sigg\g% g‘?fr‘jeé}“g ?[%%gﬁ?ﬁ%%%q:@sé ;fgg gg%}ggi%]é 6%11{'?691 signals are

redd #i6 larAbeslein d REl dbiRak @Y B8EI0fesPbfse EAthelbdubifdeiver
sensor 800 includes a pixel cell array 801 according

8840 Aadhif fendrotiii [rsbgrial ¢V «t-W¥eid) iy privdoced Bih differeatiaBarhplifier (AMP)
conprises a red array 813r, a green array 813g and a
88hfarecaghipiyelgeth andjeath pixel geli’ elifptasdiabsignald oamplified and
.FI.G 3. The arr 801 can al [ one .or nore.
dl@tl?%c}gmn Pt BA L R CLAB UAD BBPG MOy 38Ky
sim| rrangengnt,. usi ng_noulti pl olLokt_arr ,
cortshes SSFR G ot i Bard el ot R af Tl B essarss
I pORRS Pl op PAGT A o e ARH Gl R WRbining the
outpute dbynaltipdwaslyeahdlperforndng thaphargiascidjasthentcalculation

sel ected row provides a signal representative of
degaziheidvalzb e, Hhtore pravidiagl digitalisigndls defingng ah immage lomtput.
t he

[0051] Another embodiment of a single chip CMOS image sensor 800" is
illustrated by the block diagram of FIG. 8B. The image sensor 800" includes the
saine elements as image sensor 800 shown in FIG. 8A, and additionally includes
individual row address decoders 881r, 881 g, 881b and oW drivers 882r, 882¢g,
882b for each array 813r, 813g, 813b, thereby allowing for individual control of
red, green, and blue exposure times, and also allowing for white balancing

responsive to variations in exposure times.

[0052] The row lines in the arrays 813r, 813g, 813b are each selectively
activated by a respective row driver 882r, 882g, 882b in response to row address
decoder 881r, 881g, 881b. The column sélect lines are selectively activated by a

column driver 884 in response to column addréss decoder 885. The array 801 is

‘operated by thie tirifg and cotitrol GiFGit 883; WHich cortrols address-decoders
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array 801, each colum also has a select line, and the
pi xel cells of each columm are selectively read out in
wo e®poeRe2t o the col unm select |ines. [0049] TPET/U8207/005439
lines in the array 801 are selectively activated by a
row driver 882 in response td~ro"waaaress "dec da er
881~ THe' clmm sel ect DnesTare selectively activated
by a columm driver 884 in response to colum
addr essdecoder 885. The array 801 is operated by the
8811, 8811y 880H, 885t Gkleeting thé afphpridte cbwcand colinAditiee $61 pixel
decoders 881, 885 for selecting the appropriate row
sigaabreadiowtn | i nes for pixel signal readout. [0050] The
signals on the colum readout lines typically include
i xel reset signal (Vrsi) and a er I rage sig
3l §48Hshates|a R@CESsOBSY $ter} 2{5’%}@ ‘éﬁhé‘grfé‘l&dmar&e@eésor 800

of T BRF pEpedsett SRt 100 B heP HPID iR Sabpe havibg Qigita

cirBld g ARt L ERORL BB VARG PR 1Bt o
sy s%é&{@ula snaﬁablafecﬁﬁpaf& sgigt%{ icaffbrh %y steal, adatiRedntididhe

converter (Al 88. The” anai ug-i cuglta “converter 888
vissat) Rleh@de hhﬁxgiit@id; vk photed, saigtifthsced ©ystéim| BBGLfocus system,
processor 889, which perforns appropriate inage
stap mmkessmemwmm’mméetecmﬂt syigeny image stphilization pystempand
mul tiple arrays and performng the parallax adjustnent
dalagmpPEasFieR Y8R bed above, before providing digital
signal s defining an i mage output. [0051] Anot her

RO R b B0 e VTP AR B cfE Herk
coBRRE! a Wral PaddSse iR AOITE) GIP RDN 35 AmiFBPFORBRAD that

own | n and additionally Includ
comBslinvicghea hvm%aﬂgﬁ%ﬁtﬂﬁqmrcﬁev&&wm 88d:10a bBS b3.andage
row drivers 882r, 882g, 882b for each array 813r,
serb8 §p0 albﬁumomm&xaﬁeaWItbwhegﬁZ?U@%Mandwaﬂ%c 6ﬁ‘terpﬂoce$sor—

based system 900 also includes random access memory (RAM) 992, and can
include removable memory 994, such as flash memory, which also communicate
with CPU 995 over the bus 993. Image sensor 800 may be combined with a
processor, such as a CPU, digital signal processor, or microprocessor, with or
without memory storage on a single integrated circuit or on a different chip than
the processor. The parallax adjustment calculation may be performed by the

image sensor 800, or by the CPU 995.

[0055] It is again noted that the above description and drawings are
exemplary and illustrate preferred embodiments that achieve the objects, features
and advantages of the present invention. It is not intended that the present
invention be limited to the ﬂlustrated embodlments Any modification of the

presentifivertion which ¢ COTTES w1thm the sp1r1t and scope of The followmg
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red, green, and bl ue exposure tinmes, and al so all ow ng
for white bal ancing responsive to variations in
wezposee ti mes. [0052] The row lines in the aPCHYS2007/005439
813r, 813g, 813b are each selectively activated by a
respective row driver 882r, 882g, 882b in response to
row address decoder 881r, 881g, 881b. The col um
select lines are selectively activated by a col umm
driver 884 in response to colum address decoder 885.
claire, irdlagingOthel useapfertheriinigerttecteialpgies sychrad CODtarodys,
circuit 88 whiHTc niroli address decoders88Ir, 88lg,
shggldybe ggnsifgreds ppesafithg presenappreationat e row and col um
lines for pixel signal readout. [0053] FIG 9
illustrates a processor system 900 including the inmage
sensor 800 of FIG 8A. The processor system 900 is
exenplary of a system having digital circuits that
coul d include i mage sensor devices. Wthout being
[imting, such a systemcould include a conputer
system canera system scanner, nachine vision,
vehi cl e navi gati on, video phone, surveillance system
auto focus system star tracker system notion
detection system image stabilization system and data
conpression system [0054] The processor system 900,
for exanple a camera system generally conprises a
central processing unit (CPU) 995, such as a
m croprocessor, that comruni cates with an input/output
(/0O device 991 over a bus 993. Image sensor 800 al so
conmuni cates with the CPU 995 over bus 993. The
processorbased system 900 al so i ncl udes random access
menory (RAM 992, and can include renovabl e nenory
994, such as flash nenory, which also conmunicate with
CPU 995 over the bus 993. |Inage sensor 800 may be
conbined with a
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processor, such as a CPU, digital signal processor, or
m croprocessor, wth or without nenory storage on a
wa@emghes2int egrated circuit or on a different chCPUSINATIO05439
the processor. The parall ax adjustnent cal cul ati on may
be perforned by the i mage sensor 800, or by the CPU
995. [0055] It is again noted that the above
description and drawi ngs are exenplary and illustrate
preferred enbodi nents that achi eve the objects,
features and advant ages ofCLABMS esent invention. It
IS not_intended that the present invention be |limted
t BOpakWhatis claimed asmsydppd rdeglresm? bewaptected byr-efters Patent
t he t i hveritidn whidH'rmes witH n th"e spirit
Ofél?ﬁﬂ'&i@ t8fesdfie fol | owi ngcl ai ms, including the use of
ot her i mager technol ogi es such as CCD arrays, should
be consi der. ; ent invention. CLAl M5
[ 0056] %lﬁ%ﬁgﬁreéls(?rlfe%&ggnﬁ{é‘ "and desired to be
protected by Letters Patent of the United States is: ,
1. An & phyaliseatpixet oelbrirayagn asipglersibistnatefvhsirgisl each pixel
cell arrays on a single substrate wherein each pixel

R A GRS a8 oy

array .. The_ imge sensor of claim1, further
aPEBﬁ%lt@%ﬂ"gPHWI rethaerayr ocessor circuit configured to
conmbi ne correspondi ng pi xel outputs of said plurality

of pixel TRelhagé EdVor ¥FIRAPLUGSHar COMYrieNy ahrlﬁ%§e processor
col or out put |rmge 3. The image sensor of cClaim

wher ei sai processor circui is furt
cirh cPBUEREE 19 S P K SRS Birehou ot aid plurality of

said plurality of pixel cell arrays a specified nunber
pixel cgll ¥etagsiandgiroders b conebitied @etdyosblr botputdniigeduci ng
a

3. The image sensor of claim 2, wherein said image processor circuit is
further configured to shift the outputs of at least one of said plurality of pixel cell
arrays a specified number of pixels in at least one direction prior to producing a
combined array color output image.

4. Theimage sensor of claim 3, wherein said image processor circuit is
further configured store an object distance value and to calculate said specified

number of pixels according to the following formula:

F-D

nw=d=
o

where d represents a distance corresponding to the specified number of pixels, F
répresents.the focallength of the lens, D -;epreéént's--aw'e.entér-téf‘eéfiférfﬂiﬁé’tance'“ »

between two adjacent pixef cell arrays, O represents an object distance value, w
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conmbi ned array col or output inage. 4. The inmage sensor
of claim3, wherein said inmge processor circuit is
wo eoovhe1zonf i gured store an object di stance vBCT/ESHNT005439
to cal cul ate said specified nunber of pixels according
to the followwng formula: F-Dn - - d = Owhere d
represents a di stance corresponding to the specified
nunber of pixels, F represents heiocall engi h of -4-he
|l ens D represents a”*-eater-tG center distancebetween
represerétd paentir-iproealtercdistarae bayseerOtwe pigsent pixels, abidact
di stance val ue, wrepresents a center-to-center
repmsenia(ﬂeemmnumbéa‘dqf@mi@ pi xel s, and n represents
the specified nunber of pixels. 5. The i mage sensor of
clairm 4, wherein said i essor .i,s further
conf PgurBi Peagfetcser of t ghobnd a@‘l%smﬂ IjageRIoressE is further
object in said inmage and said i nrage sensor and to set

cordigditedi tdIRAER addistitice HRBive&H atlieabiEdticobjatti sabd ihAge and said
I mage sensor of claim1, wherein said pI urality of

i §53 5500 51 1 242 APPBRRE 25 SR IPIF SRR EBIMcD

claim6, wherein each of said four pixel cell arrays

I's agsocla eflagd §dhson by clang Hfwlterefrtsaid pderalitgrofiplixie cell
coI or filter. 8. The image sensor of claim?7, wherein

gt Farptes fod o el 3R B bl T i
plurality of pixel cell arrays conprise three pixe
cel | 7ar rRysinaageaseyedr ofi ckirdd vadresr each of said four pixel cell
arrays is associated with only one of a red, green, or blue color filter.
8. The image sensor of claim 7, wherein said four pixel cell arrays are
arranged in a Bayer pattern.
9. The image sensor of claim 1, wherein said plurality of pixel cell
arrays comprise three pixel cell arrays arranged in a 3x1 pattern.
10. The image sensor of claim 9, wherein each of said three pixel cell
arrays is respectively associated with a red, green, or blue color filter.
11. The image sensor of claim 1, each pixel cell array further comprising
a microlens array comprising a plurality of microlenses.
12, Theimage sensor of claim 11, wherein each micfolens of said
microlens array is adapted to focus light on a plurality of pixels of said pixel cell
array..
13. Animaging system comprising;:
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10. The image sensor of claim9, wherein each of said

three pixel cell arrays is respectively associ ated
wowd/1e3212d, green, or blue color filter. 11. A¢EUSIGAT@S5439

sensor of claim 1l each pixel cell array further

conprising a mcrolens array conprising a plurality of

m crol enses. 12. The imge sensor of claim11l, wherein

each microlens of said mcrolens array is adapted to

focus light on a plurality of pixels of said pixe

cel | aapagcesd®, ad i nagi ng system conpri sing: a

processor, and an inmage sensor coupled to the

proces [ , ST

o ol - SEfragEhehb BIPIEATL TRy Rl Rrlsb¥ cBlnprising

pi xel cell array is configured to capture a

pr edet@phinabity obpixel edll anrajysrage soglesubytrappwheteing@ach pixel

each pixel cell array. 14. The imging systemof claim

172 her ,
cel] ey ot A Rl PR Y LIRS R ofGhl b gpmmonty

said plurality of pixel cell arrays and produce a
appliestn eactapbey celbpBryout put i mage. 15. The i magi ng

systemof claim 14, wherein said inmage processor

clregt TRe fxﬂﬁgﬂl?s_y@&% o986 19 FeRthEL c&ﬂgr@ﬂ{agoéﬂ fmAke

at least one o ai'd plurality of pixel cell arrays

speci fied nunmber of pixels in at |least one direction |
Prosiessnt dierult ernfigugd 4o comtine gouerpgndsBdix el Auputs of said

i mage. 16. The imagi ng systemof claim 15, wherein
plugaliely bPBR] PEIDEASHS Endiprédute h Tohibih&¢ ariegidl@usegbut image.

store-.an object distance value and to cal Cul ate said

speqid | eff DTDer O oRiX 8 AN, i ohOs il e L 0L o

circuit is further configured to shift the outputs of at least one of said plurality of
pixel cell arrays a specified number of pixels in at least one direction prior to
producing a combined array color output image.

16. The imaging system of claim 15, wherein said image processor
circuit is further configured sfore an object distance value and to calculate said

specified number of pixels according to the following formula:

where d represents a distance corresponding to the specified number of pixels, F
represents the focal length of the lens, D represents a center-to-center distance
between two adjacent pixél cell arrays, O represents an object distance value, w

. ?@R{?fsﬁ_tﬁ 2 cénter-to-center disfance between two adjacent pixels,.andn....

represents the specified number of pixels.
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F-Dn- wd - Owhere d represents a distance

corresponding to the specified nunber of pixels, F
woepraeent s the focal length of the |ens, D r epCEESWT005439

a center-to-center distance between two adjacent pixe

cell arrays, O represents an object distance value, w

represents a _center~tc” represents the specified

nunber of pixels.17. The imagi ng system of claim 16,

wherei n said i mage processor is further configured to

det etX. aThe staging Hstevaad ciim dasvherein stiddotagepsaeshor is

i mge and said i mage sensor and to set said distance

fiffef Ruft R0 AERANIBARL KBphy of Lol TRELBR PRl image

arrays conprise four pixel cell arrays arranged in a
anghe@ipanbge senst@ anthto setragidrdjstayse emsaid ebjactdisBince value.
wherein each of said four pixel cell arrays is

3 e A LS o o

wherein said four pixel cell arrays are arranged in a
ariyy epmprisedionr pitel cEHarraysqirmngadsiteh? o pattaitm 13,

wherein said plurality of pixel cell arrays conprise

thregy pi ¥Rk ir%%gne%ﬁsi‘é&% HARRIEE Wheis¥dcP8t §8H 'Iomgﬁixel cell

The 1 magl ng sy of claim 21, wherein each of sal
three pixel cell arrays is respectively associ ated
arygysps assosipted magy onbr Opg eéa 6%<icﬁre¢q»| Qrhylue gglorffiger.
i magi ng system of claim 13, each pixel cell array
furtier TREMNaEiN}DsPtoinIlAAE1B WAl BRI Bl pirel cell arrays

plurality of m'crolenses.

are arranged in a Bayer pattern.

21. The imaging system of claim 13, wherein said plurality of pixel cell
arrays comprise three pixel cell arrays arranged in a 3x1 pattern.

22. The imaging system of claim 21, wherein each of said three pixel cell
arrays is respectively associated with a red, green, or blue color filter.

23. The imaging systém of claim 13, each pixel cell array further
comprising a microlens array comprising a plurality of microlenses. |

24, "I"he imaging system of claim 23, wherein each microlens of said
microlens array is adapted to foéus light on a plurality of pixels of said pixel ‘cell

array.

25. A method of capturing an image comprising the steps of:
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24. The imagi ng system of claim 23, wherein each
m crolens of said mcrolens array is adapted to focus
wo eghttoxam a plurality of pixels of said pixel P€/US2007/005439
array. 25. A nethod of capturing an inmage conprising
the steps of:capturing a predeterm ned color of an
image on a plurality of pixel cell arrays arranged on
a single substrate, said i mage bei ng commonly applied
to each pixel cell array. 26. The method of claim 25,
f ur t hefapivwing & predethamgtesheaddr obabimagg ot phaphitydofigixel cell
pi xel outputs of said plurality of pixel cell arrays

B SR T WA IR e o cnch

.shifting the outputs of at |east one of said plurality
pixgl gglliastayeel | arrays a specified nunber of pixels in
at | east one direction prior to producing a conbi ned

ar r ays COTRE nRdthBHofl IREE 25, 48rthEl %oﬁﬁm]ﬁlq%glfm% g%eg'cc{p C%anining

further conprising the steps of storin
di stance val ue and cal cul ati ng sai d specified nunber

COFeSPPRGING RiKeLPWimys pbsaldHelitywif mixeloethAraaysand produce a
F-D O where d represents a distance corresponding to

coh{tﬁl\@agﬂayic@@omm@ﬁftig{aggj xel's, F represents the focal
l ength of "the lens, D represents a center-to-center

e e A AR SR S P
outputs of at least one of said plurality of pixel cell arrays a specified number of
pixels in at least one direction prior to producing a combined array color output
-image.

28. The method of claim 27, further comprising the steps of storing an
object distance value and calculating said specified number of pixels according to

the following formula:

where d represents a distance corresponding to the specified number of pixels, F
represents the focal length of the lens, D represents a center-to-center distance
between two adjacent pixel cell arrays, O represents an object distance value, w

' represents a center-to-center distance between two adjacent pixels, and n

represents the specified number of pixels.
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represents a center-to-center distance between two

adj acent pixels, and n . represents the specified
woeovhae320f pi xel s. 29. The met hod of claim 28, PCF/UR®N7/005439

conprising detecting a di stance between at | east one

object in said inmage and said i nage sensor and to set

sai d di stance as said object distance value. 30. An

i magi ng apparatus conprising: a plurality of pixe

pi xel cell arrays conprising at |east one red, blue

and 2ft.eefheimathod ef icladmy 28/ furtheh cpinpeisingeteteatingy distance

havi ng a respective red, blue and green color filter

oS 8BNS, e TRYE PLRSESSRN SANELAN ShPaAE W LERsaid

an'inmage o rom eac

pi xel cell arrays, to adjust at |east one of said
distamgpeassig wbgect distamqeevedaee for parallax, and to

conbi ne said i mage outputs to provide a col or imge

ol ur b EaPR PO U 2P 0701 pi el

pi xel cell arrays conprising at |east one red, blue
and grephugsilixept pixel pavel ggll avayh compaisingat least ame red, blue
haV|ng a respective red, blue and green color filter

el il 158 8 i 02U nc
grean olor fltor nd fensyand O | T OUtPUt:

an image processor configured to acquire an image output from each of
said plurality of pixel pixel cell arrays, to adjust at least one of said image outputs
to compensate for parallax, and to combine said image outputs to provide a color
image output.

31. Animaging method comprising:

acquiring a plurality of image outputs from a plurality of pixel pixel
cell ar‘ray.s comprising at least one red, blue and green pixel cell array, each pixel
cell array having a respective red, blue and green color filter arid lens;

adjusting at least one of said image outputs to compensate for parallax;
and

combining said image outputs to provide a color image output.
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