SOLI D STATE | MAGER W TH CAPACI TOR OVER RED PI XEL
[0001] The invention relates generally to
weenm mamduct or i magi ng devices and in parti cul 2CTHUS2@6/031827
i mager having an array of pixel cells and circuitry
for the cells which includes a capacitor. BACKGROUND
OF THE | NVENTI ON [ 0002] There is a current interest in

CMOS acior.ve qrinxel rvaomg sy f erausrasvirOWeS Osixzt. magi ng
devices. FIG 1 shows a signal processing system 100

toi | ud . i i l. (" APS" i .
0B 54155503 U B YR B A B e St
partic@RF A hQer fhiagiﬁglaﬁ drPay VTR cliRenteadungy RikhOkells which

signals stored in the pixels in a nmanner "‘conmonly

includknowapaciot.hose skilled in the art. Exenplary arrays
have di nensions of Mx N pixels, with the size of the

array 230 dependi o) rti r ' ion. The
I mager pixelsB ‘%B§§8§H9§H%Eﬁﬁ%ﬁﬂX%ﬁﬁhéﬁﬁ@ing a
col um parallel readout architecture. The controller
s . : s
(00825 by EGsa: Srkh! Fituh h uPls RUSE picel Bmdflf B A8 as low cost
imagitd d&ktds. F3E. angho@W éi’%ﬂa‘l Bf e syshat 960 shanatiadsd 0CAEOS
or p

_in the selected row | xel s are provided on colum
active pixebsensor &°ARKY qutel einay 330 apd 2. conllpr %32 thitguarides dading and

from each of the col.umms ically a reset si.gnal
contrays Gl canlegaciBhant okt grgtobsln B Rk i Pamenss
i : a
commig i FMEAE SRICH 1 TA Qe S iRy BCRSHRS, QpGhiidr Mx N
pixelstwieh ¢hd sie¢ efige argm230 YessndingVsh @ partipiteeplidatignt The imager

~ _light seen by a pixel, is converted to digital

pixels pref ispdeut row at atinznadieg)a colummyparallel rpgdout eeiserae. The
4 d provided to an i rocessor . [00
contrdfiig 233 Scfi R S fites G of P T ST of coesiibe the
operat?&? F &ow daliAisding Elr&uit 33k LhH$bHArRR s 40 u@hﬁﬂ% RinalsQfored in the
4T) CMOS pi xel 710 1 n the pixel array 230. e CMOS

selectqal 2o8b ofl PixgBnes ptdvdaboprolaam nghotaceasdnuteirsiin4@e Vileepixel

) 23 for generating and collecting chargeygenerat ed by . .
signaly yegdrom cpele pt thercalwanp, typicallyn resefpignal Vastgngran image signal Vsig

for eadt] Sﬂcgf, $HOhel el 5uttsE819§rIu%ﬁ{r 'uQJ%g a column addressing circuit 244 and

supplied to a differential amplifier 212 where the difference signal Vrst — Vsig, representing
the light seen by a pixel, is converted to digital information in an analog-to-digital (A/D)

converter 214 and provided to an image processor 216.

_ [0003] FIG. 2 shows a portion of the system 100 of FIG. 1 in greater detail. FIG. 2
illustrates a four transistor (4T) CMOS pixel 10 in the pixel array 230. The CMOS pixel
10 generally comprises a photo-conversion device 23 for generating and collecting charge
generated by light incident on the pixel 10, and a transfer transistor 17 for transferring
photoelectric charges from the photo-conversion device 23 to a sensing node, typically a
floating diffusion region 5. The floating diffusion region 5 is electrically connected to the
gate of an output source follower transistor 19. The pixel 10 also includes a reset transistor

16 for resetting the floating diffusion region 5 to a predetermined voltage (shown as the
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phot oel ectric charges fromthe photo-conversion device
23 to a sensing node, typically a floating diffusion
woeg7mm4%1 The floating diffusion region 5 i s PCT/US2006/031827
el ectrically connected to the gate of an output source
foll ower transistor 19. The pixel 10 also includes a
reset transistor 16 for resetting the floating
array pixel pupptlpoltegs ¥ee pix)oand prevwestlsehirarsiston 8 dgeoytputing a signal

from (¢ paiie? el Griskal Rhlo ¥R o ing aPesbbiad ™ o s sisnal
In tlnss&légn%ﬁrg fﬂeﬂyﬁr g%?dﬂﬁb? 501s ? fni&lﬁ{éﬁilo YHh glalt% BPtHerEagaﬁltor 20 is

res to an’a ess si g S eX

coupletio VaaC pixailtaaid tAe dtIie?blS@ dﬂ‘tﬁé ugeditofNe 1@&@1;ﬂed)fo tHeefloating
capacitor 20 is coupled to Vaa_pix cell and the other
dlﬁfumpn segionb. tHee eappaicort 40 need het b@pmsg@t s daes bavothe bapefit, when

ffusion region 5. The capa r ,20.ne not be
used, hiptERSp S K" FiopE HESBa R hE HogHeR QUEBPn Brde 5.
i ncreasing the charge storing capacity of the floating

[oo6H | f usiten Snigqecréss-Je?Qt 4 vFelvﬁ){ ég_pibﬁl &f @éﬁﬁ&%‘ S8G. 2

view of a portion o pi xe FI G show ng
showinl ehepttaito-conmemsion deviatedd,aeanzlr thansissk a7 drfdaiesdt&fmmsﬂc% 16.
and reset transistor 16. The exenpl ary CMOS pi xel 10
The ew lory CoMi2Y Bixsh1 @ plpee convaisign Hevice 2dwaaake ﬁ)rmqqlrﬁé@ pinned

photoffig O or R BB S BB D Sl e o
compﬂsﬁi/gei pAgpERHLRR [4eh PR I RL | ﬁnﬁ&ﬁ&ﬁegﬂomi BiithiRa p-type

p-type epitaxial "active |ayer 24 fornmed on p-type
epitaxislidosive dtyer 24 foithed phatpdipedebgtat ddorilier photwditeis getad3
i s adj acent. to and partjally underneath the transfer
convessjoRAGVIce S 1§ Adjapert toest parkialhysiuadesneath the tigpstar gpesister 17. The
S t tor 0si t he ot pdi .
reset tEaE&tsgo(r: gﬁ Vlge rgél o{l}(?%é{/ the tr%ZCr%EaB 01'%7t ?\p;iff g t%e pﬁﬁlé)dlode photo-

conversi®Redevice P3S| &% SHow®id PEGUSOhe FekP Waﬁﬁét@& Q'érlnﬂﬁabsoa(‘scglrce /drain
The floating diffusion reg| on 5 is between t

regiontZ. a'ﬂﬂaé dpatmgl diffsisn teginsb st loetwredi? tha Gassfer ami reset transistors 17,

16&[1CF]6 tric I € source

v FUnERd o rtha gviecatahl Soircrfelows BiRsiies Khihown in
FIG. 25%?1?2?%]‘36 u%cgéﬁ@.?%h%ﬂtﬁfh?ﬁ 3 xg? i%tha'litté&?gsed

in FIG. 2 - 3, electrons are generated by Ilght

[00057ci ddntthe CMIXS pivel DO depivedsh FIGIEY i- @g eR3translarr @nerated by
stored in the n-type accunul ati on region 21. These
light ingdgrges theehotensoneersien deyiceRd Fndoueistyed it thshéype accumulation

reglonrzelg ’Pﬁese cBXrgth Srd {r8 gr%d to the floating diffusion region 5 by the transfer
transistor 17 when the transfer transistor 17 is activated. The source follower transistor 19
produces an output signal based on the transferred charges. A maximum output signal is

proportional to the number of electrons extracted from the n-type accumulation region 21.

[0006]  Conventionally, a shallow trench isolation (STT) region 3 adjacent the charge
accumulation region 21 is used to isolate the pixel 10 from other pixels and devices of the
image sensor. The STI region 3 is typically formed using a conventional STI process. The
STT region 3 is typically lined with an oxide liner and filled with a dielectric material. Also,
the STI region 3 can include a nitride liner which provides several benefits, including
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transi stor 17 when the transfer transistor 17 is

activated. The source follower transistor 19 produces
wanoamgst si gnal based on the transferred chapPgE&aiS2086/031827

maxi mum out put signal is proportional to the nunber of

el ectrons extracted fromthe n-type accunul ation

ot By S s ko o 1
G tLo re 1 dto i ate the pixel 10
regl()nfa§’ orteﬁg(re%caléal ?& %‘ea%vr eégragfma)rég: mage sensor. The

STl region 3 is typl cally formed using a conventi onal

[0067] PrRGEaSsirablRaoIdreisedhemliFadtsr hdPt lsxtdraghe@hpucrqhofan array
an oxide liner and filled with a dielectric nateri al

230 (FAGd,). tHewSHr, theghdnsiGn odin qapmlumi éOausﬁct 1 ierdasmeliarge storage
whi ch provi des sever a(Lz @ fits, in H,ddgngl rrpr ved

capacityp FEBHISE SPHEI R GG 8ERY £ fer‘éél CQ SR&Cs F&’J’E?é%‘dSPaCC

conns S5 ARE Nt B SO GBLR R0 LROHESS RGP cc 25

As sucholdcnfdiﬁg%ﬁpafcftérsth'the Eﬁ@}i QB0 ffEcts ¢ € FtO SBe array 230.
capacity of an array 230 (FIG 1). However, the

Therefore) itissi dﬁ&lrdﬂe &0 Crghady CapaciBrs to seticdso change stsege baragiey without

s RSB B el S LESeSPIER, 0 1o L2 7

consuned by capaC|tors in an array the | ess avail abl e

for the phot gpg@ @Vﬁﬁﬁﬂﬁﬁlﬁﬁ Zﬁgﬁﬁﬁ@
i ncludi ng capacitors 1n the array cts the fill

factor of the array 230. Therefore, is desirable to
[00031c| udn eapgdiy @ntbddimensrefake uﬁ)bﬁtlgﬁ CS[bem:[tﬁgEare ppadtty in a pixel
wi t hout significant]ly effecting the fill factor of the
array igarmgnpachapigesmossignimn dy reryee thy/Elrfaconr podwstrayn
exenpl ary enbodi nents of the invention capacitors are

[00(2%; g\l’/l: ?ﬁlg%ﬁc{]?sé (ﬁech ﬁp’eﬁ& H‘:ir @%1%2{{816{8 g%g@g%@ g?&:'raepf;flotoscnsmwe

region] $X38194ls tOrrepOndiReeta Sieddicemintdeition8.g. SreddRadi bPthe Sray.
provi ded over a photosensitive region of pi xel s

correif)ondl ng to a predetermned color, e.g., red
[00H kel rbfmqth@r WPy C«’rmol_tox] isiprovided heer @w@dtpmd and the

CaPaCI'E@%&& o iFeBil Bt DEFL s aared gthathep diren Piaelsy Since red
e A OGS 5 S i
regioncafizaidt kel aloes nbhsgnifioiradedtiict piietons received by the red pixel. With
neighboring non-red pixels sharing the capacitor and the readout circuit of the red pixel,
the size of the photosensitive regions of the pixels can be increased. Accordingly, both fill

factor and charge storage capacity are increased.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other features and advantages of the invention will be more
readily understood from the following detailed description of the invention which is
provided in connection with the accompanying drawings, in which:

[0012] FIG. 1 is a block diagram of a conventional APS system;
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region of a red pixel does not significandy effect

phot ons received by the red pixel. Wth nei ghbori ng
woamveedsepi xel s sharing the capacitor and the peaasi06/031827

circuit of the red pixel, die size of the

phot osensitive regions of the pixels can be increased.

Accordingly, both fill factor, and charge stor .
[00k2paci Wg-a?? i 3 hrEAYG diagr pFEa FEseIEEVeR Sk WHLER may be used in
W 0011 s¢ and ot her features and
aconvgg@gﬂ%?é}é% aﬁrﬁy%ﬁgﬂfe’hg’enti on will be nore readily

understood fromthe follow ng detail ed description of
[00EdiE | NVEML3 R WBbCRctind i 88 pbitionoiee icoaentdnial pixel of FIG.
di'e acconpanyi ng drawi ngs, in mﬁlch: [0012] FIG 1 1s
2; a block diagram of a conventional APS system [001 3]
FIG 2 is a schematic diagram of a representative

00 ) T Sy o ST el L Sh 1 Sy
embo%%%%&-% ehfig conventional pixel of FIG 2; [0015]
'S a

CrosS-sectional view of a pixel in
accordance with an exenpl ary enbodi ment of the
[0016VentFI®, 5 [sQOstbEmbti€diagrdrs ofias drhegingidevite agaesorddncarwith
i magi ng device in accordance with another exenplary
anothemdssiplamtendfodiment af/degtiremtionpo17] FIG 6 is a
schemati ¢ di agram of an sanple and hold circuit;

18] .7 is_a r.imng di agram depi cti he.. .
00420 LI ishy ichaait Hladfil bR ER SR EE el el
[0019] FIG 8 is a plan view of the [ayout of the
[00tgyi cermt. FisG tifing8id gf09 d8picih gxhOpdrEalbopdredn 8f a@rauits of
showi ng a processor systemincorporating at |east one
FIGs. ionengh 7xg devi ce constructed in accordance with an
enbodi nent of the invention. DETAI LED DESCRI PTI ON OF

THE | ON [.0021] In.the foll.ow ng.det ai
roofREcr 1 Bl on 4 e viee e et of 8% Aoty eng
[0020] FIG. 9 is a block diagram showing a processor system incorporating at least

one imaging device constructed in accordance with an embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0021] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof, and in which is shown by way of illustration specific
exemplary embodiments of the invention. These embodiments are described in sufficient
detail to enable those of ordinary skill in the art to make and use the invention, and it is to
be understood that structural, logical or other changes may be made to the specific
embodiments disclosed without departing from the spirit and scope of the present

invention.

[0022] FIG. 4 is a cross-sectional view of a portion of pixel 300 according to an
exemplary embodiment of the invention. The pixel 300 is similar to the pixel 10 depicted

in FIGs. 2 - 3, except that the pixel 300 includes a capacitor 319 located above the photo-
4



draw ngs, which forma part hereof, and in which is
shown by way of illustration specific exenplary
weonhardiasnt s of the invention. These enbodi MeENPETAISE006/031827
described in sufficient detail to enable those of
ordinary skill in the art to make and use the
invention, and it is tp be understoqd that,  structural
converpiggiaeyice 32 3ot Ielic CHemg ﬁlﬂgo GRI%% r?’é’%s‘ﬁécFF pgel, e.g,a

. e i.nent $.discl W depar L
pixel FEISTE A kPl R 0rl'ar PRULOH SRR LDk {iidiEns 10 90
electriéhl bRarBe CMORS- 504 tS OR@tha¥ k&vivel LighP@irbhEa 8éd polse hiltéOibove the
according to an exenpl ary enbodinent of the invention.

pixel aftg apisskaiovdlid ths asi. i hacapadtamnl issedctrd@llfepineated tama floating
.. FIGs. 2 - 3, except that the pixel 300 jnclydes a, .. .
diffusiom prgdpr 305309 Yachixds thegrenehet ﬁ@aﬁl&roi{sg} Higon, Hbishdacreases
323. 1n.the.ex L.ary,. odi nx he pixel 300 is a
the stopage capgd ,O%&lﬁmgngidlx@?@?rﬂg%?%g&%es red light in
the form of photons and converts the photons to an

[0023]ect rPigal300NaEERles the SEbtdicoaberkionQice 18213, b @ERIsfE Sransistor 317
I i'ght through a red color filter above the pixel array
and reges tiamsikmo\d 6. nlhd excanplary fhoteapavirsion ®1gei323 may be formed as a
connected to a floating diffusion region

pinnec@%@g%ﬁéfc@;%m&a P-PIONNEHTON RN P PP §UifRFCpRgr 322 and
an e SRR SERGE3 L8R PL S50 ARBSIENE Bl proviced ovra

type siub3€httdBE] ! The photeconerass idevicelegs @@ac?é’c%nt o hudpaiftiatly

transi stor 317 and reset transistor 316. The exenpl ary
underprath theoandesiromistendth Bheresalytrimsisior Abol isaen a sidephglc transfer

. pho i ode.having a p-n-p.construgtion c ri.si
transisfph Ve ORI AR PO BT CaDs AR 19 pis ST Ko the rese
transist&r8 Wingﬁflde%tsghﬁeg‘dﬁiﬁ Y%?or?gbfl.v & HeRloakiR¥ fiffiddn region 305 is
provi ded over a ptype substrate 311. The
betwe@htieorraafisreinsl resetdemissers8287 i 3l Gajdisenhtdinedwithin a p-well 335.

) artially underneath the transfer transistor 317. The
Pixel J0d5is pounded Py ehilicat ensh isplaosi(SELbreions 333ardikg;300 is coupled

t.ransi st or. 317 0opposi t he ot 0- convension _devigce .
througb BORAE QA BB 0 DR RaL SR PRERaR dPRe B 6 o signa
from thBSbHLE SofowQUr-GRists @9 regi on 302. The floating

diffusion region 305 is between the transfer and reset

transistors 317, 316 and is contained within a p-well

[00385. Plxeicitd0019 3s fabrinaded abip cohwdtitmally Enotwniagdlinnipweferred

Tl [ .. Pixel [

embo i en)c h{c g&e%gsga%g :cg)xidell:?t(y%r 48 9(.), ﬁoiysﬁ_&%gl l%gers 401b and 40le,and a
dielectric layer 401d. Transistors 316, 317 are fabricated as is conventionally known and in
a preferred embodiment includes a gate oxide layer 401a, polysilicon layer 401b, a nitride
layer 401c, and sidewalls 401f. Although the invention is described with reference to
certain construction elements, the invention is not so limited. For example, Jayer 401a may
be any dielectric material and is not limited to gate oxide. Additionally, as red photons can
penetrate farther into a substrate than blue or green photons, the photoconversion device
323 of a red pixel may be deeper into the silicon than photoconversion devices in blue or

green pixels. As the red photons may be absorbed at a different level in the silicon, cross

talk between red pixels and blue / green pixels can be reduced.
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t hrough floating diffusion region 305 to row sel ect

transistor 18 for outputting a signal fromthe source
woabd7maess1t ransi stor 19. [0024] Capacitor 319 PET/US2006/031827

fabricated as is conventionally known and in a

preferred enbodinent i ncludes a gate oxide |ayer 401a,

10075} 22! Akl oY S R0 GH9 i s TSl ol
0 | 4 ' W
knowr:fnsxﬁﬁgg%;@gg@fz%s@w e B TRRS magl o

6,429 MY Thdisdosts breectmiday for fAB@ring I%CCM@?Yhﬁh%éi vHeH b storage cell that can
Al t hough the invention is described with reference to
be useglcyt thiose warsikilLisx therretaefrbricae théprasevanyémgion, shoottisty is

I
mcorpl%%tg%l %glrefgﬁ%cg)s( Ep@{neqxpha 92{364 13.3‘(.%{}1/ ¥ an%l acilra%r 1§%tbr1cated
n
B S T T
capaciﬁhﬂh@@@ niviekad than auaa geR 3dd @ﬁdc’i. the @raﬁkﬁéﬁ traﬂasfcobe
deeper into the silicon than photoconversion devices
en pixels. As the red photons may be

bl ue or e
[OO%fglsor bRt s %&Wﬁﬁ 7 eleetiical Séb@naﬁl%Of r@agingi degice ich includes a

et 40 BRSSP B et LB RO 8 0
of a foi® dva@lsﬁﬁlea kel Eﬁ@ﬁﬂt %@b@ dwﬁz%hCﬁ%%Qtlkégmld %bor ey g&?.f The four

exanpl e, I mager with St'orag€ Capaci
way sfﬁartcbplb(cll\hrcu& @ZB,MlLﬁhk pieB 3D 1he80ihh, B f DCG transistor 691, a
fabrlcatln% imager with a storage cell that can
commgg GRIYOKP Ph@@éﬂ% mﬁ@m fegion /b reset thﬁillﬂéfk(mgcﬂﬁ&et transistor

o54) PSR 0L R RISl SRR RS B

688). lmxélaeowaoq@ Bewhﬁdmwe %ﬁb@dﬂﬁfe@%ﬂ 451281 bRl fhsfer
over the subsfrate, and the gate oxi de |ayer under

transister H8il a.008 kth 48 lnsrelspmtiveiy tAldughergatfeaxd deFI@dSe,rcapaatm 690

. the transfe ransi stor [0026] FIG 5 shows an
is dispQtedl 9Yer e baedhis Rhgp- %%aﬁswgl e G0 % bor WC similar to that

cepicst R LS 215 1900 4 IR SRR UhBuRR g BBlRGY s,
301b, BOUt aveyorsad pikel] Xel, eRhéChlut 08 b8en PIRELS, fwhﬂén &éurzmo fs$he red
part of pixel array 601. The four way shar ed pIX

pixel. chcehﬂutcu&l@é)aaas sepreseotatives! of pmd:lscniéﬁrtaﬁlcﬁ,l@wc:s@lﬁd 610e¢, and
610f DCG transi stor 691, a conmon capacitor 690, floating

“diffusion region 678, reset circuitry (e.g., reset
transi st or

[0027] With the pixels 300, 301a, 301b, 301c sharing capacitor 690 disposed over

the photo-conversion region of red pixel 300, the capacitor 690 does not take space in the
pixel array of imaging device 600 used by the photo-conversion regions of the pixel 300 or
pixels 301a, 301b, 301c. As such, the pixel array 601of imaging device 600 includes
capacitors and can take advantage of the benefits that accompany the inclusion of capacitor
into the circuit of a pixel array 601 without affecting the fill factor of the pixel array 601.
For example, as noted above, a capacitor can be coupled to a floating diffusion region to

increase the storage capacity and light sensitivity of the pixel.



684) and readout circuitry (e.g., source follower
transi stor 686 and row sel ect transistor 688). Pixels
wOQd@/02861b, 301c i ncl ude phot odi odes 66la, 662OT/UBBING/031827

and transfer transistors 68la, 681lb, 68lc,

respectively. Although not reflected in FIG 5,

capacitor 690 is disposed over the photodi ode o

[oozgmot OFECANGES 5 beheneeividiarrGfiof o portexaf ampdé aid held greuit 700

that depicted by capacitor 319 in FIG 4 . In tge 1

in accoednep veitly ae etwaplagrtmbediment o6 the myentionoflfhoygh onky qne sample

T RS EMIONET P e e
and hoiéfi E%SBE ?@g %Lgénaigﬁ 8lundi opg&@is i Ith& PixeBar®dPbAs fildéced above, in an

610, [0027] Wth the pixels 300,
exempBidyl 8mb3Aikhent 30 bosigihily dre geatbpucliromreath Pixtl sthos Eairoigals are read

t he phot o- conversion region of red pixel 3 he. .

out frapapadi pisel d80itdegs Yrstl, %élé'el @Eé'é“egrsﬁ w@%&&éﬁéﬁﬁl&% for the
(ff.inaging devi ce 600 used by the photo-conversion

secon gléfilo

ns of the pixel 300 or pixels 301la, 301b, 30lc.
As such, the pixel array 601of imaging device 600

[002'[)930' udes, CARAMIILP ki RIAnERY) sigakl apélvadifoga thé pilebarray 601 (FIG.

nefits that "acconpany the inclusion of capacitor
5) pixdlb® tyhsixel rooustirtinfs veitlptheetopapirelyrostamdiprosoeding incrementally to
affecting the fill factor of the pixel. array 601, For.
the bogscampie] rass. Rer exsraioveircls S003aG AU AELTDErcon B0k TiEls 300

floating diffusion regi t.Q 4
and 3Qgpiesy Feieon Jfy ARLRET A0 P AT I Al g Sould be
reado! agsxﬁést'hﬁdgl RO SIS itnedi Bl Pieds 30 Roaid 8019 bf pixeheipduic 610a,
an old CIyCUIt 700 in accordance with an exenplary .
pixels 80bodidB6i baf pixekcirmiedl ImrandAtixtoagha and p0dhet PitepFigcuit 610¢
and hold circuit 700 is depict sanpl.e d . _—
wouldghe salpntree bR G dBE AURE FUSF-of hegHRgl BOQRBRg of ivel circu
ClLrGuUhLt 7 ) f .Ri j ' . S
6106 G513y AR FHREoF R ARITELR) SRR KELS 0 WRESBLEL i i

610f wild HedRad Sutal ubseatiallytché sone each Pherspixdhd@ld and 301b of pixel
signals are read out from each pixel circuit

circuitGHid, piieis 014 ard 30kb of pisel oo 6 lsa angl p6iEls Ahaick 1D of pixel
circuity (R aLIg s Fearitat Shpasy Hir ST By T RAEOTERh readou of

the pi%é%é?%}/%@é%igé(esmm lihd RY x%tvfbf %Wyt h the top pixel row

Ing rncrenentally to

[0030] In an exemplary embodiment as seen in FIG. 6, each of the four signals
received from the associated pixel circuit are scparateiy stored in the sample and hold
circuit 700. Sample and hold circuit 700 has two subcircuits 730, 732 for respectively
storing signals from each of the two pixels in a pixel circuit. Fach subcircuit 730, 732 is
mutually selectively coupled to the column line 701a through respective switches 702, 704.
In one aspect, one signal, e.g., enable, is provided to one switch, e.g., switch 702, and the
complement of the signal, e.g., disable, is provided to other switch, e.g., switch 704. Thus
only one subcircuit 730, 732 is coupicd to column 701a at a time. Each subcircuit 730,
732 has two capacitors 714, 716, 754, 756, for storing Vrstl, Vsigl, Vrst2, Vsig2

respectively. Capacitors 714, 716, 754, 756 are selectively coupled to the column line
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the bottom pi xel row. For exanple, pixels 300 and 301c

of pixel circuit 610a, pixels 300 and 301lc of pixe
woi20enmnas6610b, and pi xel s 300 and 301c of pi xelcCTiusewisn31827

610c woul d be readout at substantially the sane tine.

Then, pixels 301a and 301b of pixel circuit 610a,

pi xel s 301la and 301b of pixel circuit 610b, and pixels

701a dooustavitdeesly 065 788 x210,0i46 48, sspectively whiple areecatgralled by
t.su [ sa Lhe. ~Then, pixel a
contrd BB Y sk, SR GRRs T cramton iR A dogs /56 ae
e : . el . .
s e A e e R P e S S PO TR 2 st
respectivelp, Thbetoredp Vel sVaQ1 aVam, Eidh sifnaBiciBlbedieid but and if preferred,
610d, pixels 30l1a and 301b of pixel circuit 61Ce, and

combigiesleinsn BRRE diffrieBOTys 88 isploneentienadliikno®nor woul d be
readout at substantially the sane tine. The row by row

005 g oG Wi B T R R B Pt B bngary
601 ofERA. 5 Anflr sfnplf6A HAd ERGi POO of FBRAL In LERHNEL 'L:ﬂgml

the associated pixel circuit are separately store
exempilirg esebplimeandf thelidveitionui For/dpliGanpheraddutiof éne pixel is
. circuit 700 has two subcircuits 730, 732 for o
depicted 9pd dy ropagspneatiopplf the gtharPirelohsingsendoutt fo thevgming diagram

i S in i xel Gchrcujt. Eagh, subcircuit. 730, 732 is
of FIch 7hF phaB B Ry il b BBl o b1 i s gy & a row of
pixel diithas Ao T 83DLE1 0L 630t (FIESs5 ) 0F gu&pfbw i R oPéﬂB{%Et e.g., 300,
one signal, e.g., enable, is provided to one swtch,
301c @I ,5)s ithedirst/Ry ofpidelt dieuite ispk greniicuns 61 6€ &liddn sl Oc (FIG. 5);
i sabl is provided to other_ sw

e.g,, d ,. 1S tch, e.q., )
the seciiid 1 PHRIKCIHLRIE W - orarcani GLPAyH10e 99 OF PBEC B, The firs piel

. le 0. t ca.ti . subei It .
row iSRS & oiEh 800 of 3015 o Bids) B EGF0%, BARS, (' PR of pine
circuitVé B0, an¥Sigdls 300 842 30YS b gb&li‘éiﬁﬁﬁtt 6 MR ()F-IGC%?,%E%@&&M pixel row

714, 716, 754, 756 are selectively coupled to the
is Rowe b} engn pixale 30lmanch30liy bf pixel divest G108, pizeB,3012nd B of pixel

s L B 2P L 81 s s
criB35, S5, BB ASER Uty Ul e yom

respectively. The stored Vrstl, Vsigl, Wrst2, Vsig2,
.[0032 pnal br BHGB. heAddds tiodifovanddrets ¢fithé eswe@ingc@abomethd a8 is the

read agdgeslg gllgg;lf fRe(r)\?\PE), ﬁ'ao)(asr l?sanll SR(S%]%/ ipet rieg?easlcllt);tiggflmgfthe row select
gate signals for rows 0, 1, and 5, respectively. In implementation, a global row select signal
is provided to the row decode circuitry, which AND’s the row select signal with the Addr
signal to provide the row select gate signal to the appropriate row. For example, if Addr is
“0007, then the row decode provides a row select gate signal to row 0. TX0,0, TX0,1,
TX1,0, TX1,1, TX5,0, and TX5,] are the representational transfer gate signals for row 0,
first pixel, e.g., pixel 300 of pixel circuit 610a, row 0, second pixel, e.g., pixel 301c of pixel
circuit 610a, row 1, first pixel, e.g., pixel 301a of pixel circuit 610a, row 1, second pixel,

e.g., pixel 301b of pixel circuit 610a, row 5, first pixel, e.g., pixel 301a of pixel circuit

610X (a pixel row five rows below row 0, not shown in FIG. 5), row 5, second pixel, e.g.,
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[0031 ] FIG 7 is a timng diagramdepicting a parti al
operation of the pixel array 601 of FIG 5 and the
weanple4smnd hold circuit 700 of FIG 6 in accorPd@msens/031827

wi th an exenpl ary enbodi nent of the invention. For
sinplicity, the readout of one pixel is depicted and
i's representational of the other pixels being readout.

pixel 300bloTidel Girbg@t IIGKY(Q@SDQI rdw Gve Yowd belosi wwal snarshown in FIG. 5).
active "high," high logic state A pixel circuit

In nnglmmnteuan;gimbdftr@sfcé lgats signalsare peovided ga the calump, desads

o b A RS A B e P
prov1dg He trfa.ﬁéfétc g%& g?ﬁptcb th@]agbrogqga%:célﬁhﬁ Por ¢ 1S e&&’(’ﬂ% an odd

curt . circuits 61
columf Jfgc( fel. %i fibsk,; thifde fifthy stc. )meBJ: pixeharirsy Revedlyme. c@code c1rcu1try will
pi xel s 300 and 301c of pi xel circuit 610a, pixels 300
generaamdn edqiéfmgpalxeg ,CinYeQithat guibhisnabla g geirsespending tigpgfer gate in a

comesiufng el 1>e§{; >%“g%)qe§é82 1y PR Bkt .5,

d

seconcg, f’éﬁ‘% Dgtll |@§(Ce %g }g ik cot g?cﬁ(eg@ﬂ@é?rrglg!:t?%ﬂgrow e an

enabld(sigifal ob)the BOM& Txlsﬁgrﬁl}fc gj;i"DxZIle@at wilFefablo coﬂneﬂponémg transfer
described as part of the tim ng diagramof FI'G

gates NGOBH] “LA, FEGT7gatedéf1d anck 6l b ReseidaReses L oind Préseft%we the
e RS 82 433 e S AR 08 T o,
globalstgée% %f& | Ve%réﬁ@.@@&:@ dfeolrov&'; QR dQ cirbuitA) %iRch AND’s the reset signal

respe I'n 1 npl ementation, a global row sel ect
with tB¢ gadt sﬂgﬁalptbqyrbdﬁ]d the résbesigmb td ¢ho dgproprieteidomwy, whi ch
AND s the row select signal with the Addr signal to

[00F5h” ‘é&%heaﬁg&vﬁesﬁlé B indicagophicy. w&mrew@%@ﬁf%? ofsample
and h %?r%lent >98)Vlls gr?.\saa(%e%w.?%e bgggxa%%lg 1%'119 Qgglicm’er? swiﬁch 702 is

closedfﬁfafs%eﬁ&@& 7g0al coiAas E&fheqaﬂlﬁnﬁllﬁlaa(ﬂ af(@IGr 6y 8HR1, and SHS1
first pixel, e.g., pixel 300 of glxel circuit 610a,

are the con@o! Sgrdnthapienale s‘el.tghes 7916x €03 30 touplke q@P‘%‘eﬁor%ﬂ‘b,L? 1t6 to the
cotum s 7 {5 sesectity. 1SPb R s afe éﬂg'cg%% siga! 'é%%ﬂ%‘?le
il 18, S b B B 25 BB 0B it

bel ow row O, not shown in FIG 5), row 5, second
[00Bikel , IeFUG. Pj thek p3cidl tOfinditaced thEIlhﬂ:mil tetff @ d perpidkediring which

row five rows bel ow row 0, not shown in FIG 5).
the row address of the pixels cells to be readout is provided. In this exarnple during t0, an

Addr of 000 is provided, which corresponds to the first pixel row, e.g., Row0 of the pixel
array 601. Although the example describes the readout from one pixel, e.g., pixel 300
(FIG. 5), this example is representational of all of “odd” pixels in a row being readout at
substantially the same time as is conventionally known. It is representational of all of the

“even” pixels in a row being readout at substantially the same time.

[0035] During time period t1, pixel 300 is reset and the reset charge is stored as
follows. Control signals Row0, Reset0, In_sel and SHR1 are enabled (i.e., asserted high).
The Row0 signal closes switch 688 and couples pixel 301a to a column line 701a (FIG. 5).
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In inplementation, global transfer gate signals are

provided to the colum decode circuitry, which decodes
woOheo7ghetsal transfer gate signal and the curreRCT/US2006/031827

desired colum to provide the transfer gate signal to

t he appropriate colum. For exanple, during an odd

I d (e.g. irst, thi fi.fth, etc.
The Ry Hanphediset Rt stk Sg souals® din i i e HElElfe ). The
In_sel Qi%ngﬁgo% av?fitgﬁl ab2 rs‘i?@ OPCJSXS\G\’ighh%48Vgnldl co gf’eg!sﬁbarcuit 730 to
corresponding transfer gate In a correspondi ng row

column Yine 7014 (FIGx6paTks SEHR sigHala®dsas skldeh 106 aRd @vaples capacitor 714
colum read (e.g., second, fourth, sixth, etc.) of the

to pixqhi30dp through cplemp ding i lde ddus, 2 the wintrof tim¢ pepod el guxel 301a is
e S SEL ALGER BEhRER i Rprsge Fi 700
Contré%e é%%ags Bleset(. ?ﬁn(g 31681 83 sy g]%l, RirivBE 16 Poy BES 9&1}1 of ?{)ﬁ% period

are the representati on reset gate signa

tl. THeOwsegdatidn tifiiecb{The F)Q&:D eahy wRfuires talcilnfhe Heinéédration éime to
gl obal reset signal is provided to the row decode .
reflect gwpquikel circuifiewh baing ascaspasl. r Sksboughi diseussed irhterine ofidaiabling and

. .Signal to provide the reset signal to the gpproprjate
disablipis oy aRhtin i e61ie of areopmaBiog b s ried §b eapulsine
i j I G . ﬁufl%:l hold circuit
assem%&%gégég%vg% éFéﬁgg?fZﬁéés?é%rganp 52 1171n_sel is
hi gh, dien switch 702 is closed and subcircuit 730 is
[0035dup| dduting tihe paiadn?, thamtdgradoh Ehiige §).c., PhiBtasignal) of the pixel
SHSI .are the control si ﬂnal s that enabl e sw tches

o _ 706,
circuit pd@atipreadapt wrckuprs asdphows.4 Coptrol signals L x0¢f) agh SHSAeare enabled

e RS WO SR S ot e
photo&BRaGkbAlRvite 462 tebht Qlotaﬁﬁ%@ﬁi;&émh telgitsh 6942 Tthg SHSI signal closes

respectively. [0034] In FI , time period
switchi70@$ ot esipldsecapaiitoir 11 6stet pipelt30Oethpewghodoldumni lvge Wl HThe charge
the row a ess of the pixels cells to be readout . is

stored gnfloating, diffision resion HP5R & Fadiong ang storrd Redhe 6rpasisor 746, Thus

' , ' . @S] . f ' . .

a e BEBF UL puL 0, B3O8 5] Ol Jht BhoPAOR 0 i

sampleexRiThbld deaR700e SCoHREoY SR/ Tx0 DURIBIES Plaxedisatited (ise., driven
pi xel 300 (FIG 5), this exanple is representational

low) bpttheknd of titnedettiodit2el s in a row bei ng readout at
substantially the sane tine as is conventionally

[OOﬁjown If Iatphlo%oéa%g Istised tuﬂ)iagg %% a ?)Lo%ciiogg, tﬁg leahotogate is controlled
to be enabled (i.e., driven high) after a delay of Tx0,0 signal being enabled (i.e., driven

high) to prevent charge under the photodiode photo-conversion device from blooming
during readout. In a preferred embodiment, the delay is 100 ns. As the photodiode
photo-conversion device 662 is brought to zero volts during readout, any electrons that

cannot fit in the floating diffusion will be drained to Vaa_pix through the reset gate 684.

[0038] During time period t3, the integration process is commenced for a row five
rows ahead of Row0. As is commonly known, when a mechanical shutter is not used, a
row of pixels is initiated for integration in advance of the readout. In the exemplary
embodiment, a row is initiated five rows ahead of the current row being readout. As such,
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"even" pixels in a row being readout at substantially
the sane tinme. [0035] During tinme period tl, pixel 300
wo007aseis1and t he reset charge is stored as foPCOWS2006/031827
Control signals RowO, ResetO In_sel and SHR are
enabled (i.e., asserted high). The RowO signal closes
. swi tch 688 and coupl es pi xel 301a é;,a colum |jne
since Row@ herpbezn spdone ischen grenared fydategration, Bigae peripd €3

. 4. couples.Vaa pix to t.h xel 30 Fl . I
indica ¢ Phgalocul S Peliod BBt e FaliodBless lfaclglgfiftells o be
initi ide4P¢h ! irfgO¢i il / 8§)s provided.
i GRG0 B A bFu0Sls
Althogglpeled éxampld dedceibpd thel inRtiantdffomegiixd ahisinrdpresentativnal of all of

~ Thus, at die end of tinme period t], pixel 30la is ,
pixels i g pixehreivofie bemgainitpsed aguibs Hiscemespmg ap é conventionally
kn stored in die sanple and hold circuit 700. Control

OWli gnal s ResetO and SHRI are disabled (i.e., driven

low) by the end of tinme period tl. The integration

(00597 Ofn dhfe piridl t4,aE(’61§tYolrs‘?%ﬂé!l§ Ré&scERhedITabi0h piktel 301a in a pixel
Integrationtinme to reflect two pixel circuit rows .

circuib@l ygaracnebleddi.e. Ativémbigh ) d Peel 884 of pixcbeinminé10y (not illustrated

) enabl ing and disabling a control signal, this serie

in FIG5)dis  ipo¥ed revyimifas o oW Okl Rigelaews be V\ﬁal-XCF row 0. The

ssert i,ngl/ [ r 3 € . Sj: '
Resce 3 PR SETRRS 1 By BBl A5 AR4SATTIONG. § o
is simBFaba%itch -634) apHRbapicd Vah)piffo thepiekel 0 TheTk5RLbgnal closes
is readout and stored as follows. Control signals )
switchiT&&% GaritthghiBl parclecienitd Yy ot ibustraged ieHIGi githat aresimifapto switch
Gsjgnal closes, switch 682 of, pixel circuit. 610 nd
682) wshcreles Pt gdioghRbote SatutipR diegiss 463V dp ehpradipighoto-
i: i-on. LOn. .6- i | i )
comsbt U0 SPURR BT o By 588 N o phoco
convegRbn! dByitd BGZYQiVaa_gBQ ‘Thas gechsteadast timefpepiidi 189 pixel 301a of pixel

. diffusion region 605a is read out and stored on die
circuit @pRycistroset 206 reardyfor wtegmtionn Eastralisignalsdresseh, apd Txped are

. Signal ,volt gk, of, .di e,pixel 30la,is Stored.in.
aisablt 81, e Gte (RS 51 PEr bt heBier 30 Pa s didlips 1oy
hnrgé@%q SHS| are disabled (i.e., driven low) by die end
of tinme period t2. [0037] If a photogate is used in
pl ace of a photodi ode, the photogate is controlled to
[0046] enalk édcdrivertionalyi knewmiaghidafttfeoma pletlayragfactally comprises a

Gsi gnal _being enabhled (i,e.,, drive . )
series of successive readouts. Durmg(lmtlal readouts f[;orn the pixel array different

adjustments and calculations may occur. For example, during the initial readouts exposure
settings are adjusted. After a first readout of the pixel array, the values read from the array
are computed and exposure is adjusted. A pixel array is readout a second time and the
values read from the array are computed and exposure is again adjusted. The final, usable
readout from the pixel array may occur after several initial readouts. As such, the pixel is
readout in a rolling manner, i.e., that if pixel array has 100 rows and the pixel array is
successively readout from row 0 to 99, then on subsequent readouts of the pixel array, row

0 is readout after row 99. Thus, in the present example when row 95 is being readout, row
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hi gh) to prevent charge under the photodi ode
phot o- conver si on devi ce from bl oom ng during readout.
wono@/pessierred enbodi nent, the delay is 100 nBCTAS2M06831827
phot odi ode phot o-conversi on device 662 is brought to
zero volts during readout, any electrons diat cannot
fit in the floating dlffu5|on will be drained to
0 (five Yos pheaddiis @itgted for resdhmit. Fhibe f4nvdriisdesDubdsrfive reav ahead
period t the integration process is comenced for a
unUan@mmtmm@nﬂmmssahéaﬁgﬁmﬁ ®owO. As is comonly known,
when a nechani cal shutter is not used, a row of plxels

[004%.13 ahg{}pla%tp detr%g[geé)t(g r at Irg;ﬁ)dliog‘fhﬁgx al@l%%a?%cag Lfutter is used, the
integrdt¥n 6%@ ‘fmtélé’@ n%@?&*}ﬂ&ﬁ%g Wfinfe £h¥d RS lﬁ@d/v&ﬁbng\s such, when

readout . such ce RowO has been readout, .Rovvs i s
a mecHah@sal ﬂ[L&ﬁHiﬁﬁdsefan tinfihg glizgiramrfor Mieneageut afdhe pixel array would be

indicates the initial setup tinme period durin ich
similanhehaon ShoassH 16 7 et okl BoCeE R he B8 PGB Rt
prOV|ded In this exanple during tinme period t3, an

S cr ?‘%Ié:g %(Bﬂlleosws%r %)éa(?OS%}]la@{gﬁ%ﬁéW%fta&%rﬁéﬂW!tl?e pixel array 601 of

FIG. 5( eR{ 85&?1@@6@11%?‘1@ 804 cabait6f 69O ke&§pds€d avel X8dd plewodiode photo-
being initiated af substantially the sane tine as is

convesiomvaxvidednglitel 300amed. shjned3§]red @hpt(prbog@ photd- (:anversmn device in

cont r ol s nal s set5 and . Tx
pixel 350y Fecein p@wémfwge coRirgipadeee 80badin BRotdf bhoto-

convegio)éedeé/?c%]i% p%f(el %'O)f L%Eh(u? g&%/%ﬁ%%%dc{e aé’rgft{) %ﬁgeﬂsﬁn device

aplxe Slm Ive plxe

301c. ' ﬂ)ﬁél%@op%)% 301\{“5 Qndﬁb@c Resgt&psdtiaatancfeosmasistor 682, 681a,
switch 684 (a switch'in pixel circuit 610y not

681b,iaht slcatBese fDlﬁlPQdS’o’QO}a&Olms%lbm anglr 3QLs %wq TEOIBBWN reset
and coupl es Vaa_pi x to the

transisEPgih SE8 B9USUG Y Get2 ok BHR T HepTSRar ORpr Uy pelect 685,
lgogtrated in FIG 5 that are simlar to
and ﬂg&c@%@éb and coupl es phot odi ode phot o-conversi on
devi ce 662y (a phot odi ode phot oconversi on device in
[00g3 el BIG.UkliowslOystemi 1100 Lustypm‘abgrdcnssﬁ Sistedn pivdifiert wo include

simlar to photoconversion de 2) to
an imapiey slegice 699%%@9@@@@64@ ﬁéﬁﬁo%ré 5, &%F ﬁ%ﬁrﬁfﬂxﬁw@w ofa

N R R e
nr%" 'sM@f[‘a% V.‘ém(cghfé m@])ude&fc‘bﬁ{pdﬁ&' &Btend, t&ﬁml@ta%@lsteﬁms@amﬁr machine

cl rCUI t
vision, vehlcle navigation, v1deo phone, surveillance system, auto focus system, star tracker

system, motion detection system, image stabilization system, and other image acquisition

Or processing system.

[0044] System 1100, for example a camera system, generally comprises a central
processing unit (CPU) 1110, such as a microprocessor, that communicates with an
input/output (I/0) device 1150 over a bus 1170. Imaging device 600 also communicates
with the CPU 1110 over the bus 1170. The system 1100 also includes random access
memory (RAM) 1160, and can include removable memory 1130, such as flash memory,
which also communicate with the CPU 1110 over the bus 1170. The imaging device 600
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integrates. [0040] As is conventionally known, a
readout froma pixel array actually conprises a series
wohoeeesssi ve readouts. During initial readouPeTfusems/ 031827
the pixel array different adjustnments and cal cul ations
may occur. For exanple, during the initial readouts
exposure settings are adjusted. After a first readout
may b&toibiediwieh aprodgsor] iehvalau@BUY digital sigmiltgrecasarayr ar e
conputed and exposure is adjusted. A pixel array is
microproachser, WAthsecHHHORT MEMANH SIORRERI} & 6HS gratehcIRRit or on a
. arr re _.conputed and exposure is again adjusted. The
dﬂkm?*ﬁﬁ%fﬁﬂggﬁ1 XeH¥8but fromthe pixel array may occur
after several initial readouts. As such, the pixel is
[OOAfiladoqtt shbuld Heoi&Jp'r&QatE@'ﬂl@ﬁrothér- @nbodififintd of theX¥entiohaclude a
s 100 rows and the pixel array is successively
methodestaaiufictoring ake §stan 99001 Fen cgamplehsequeexempatem iz diment, a
of the pixel array, rowQ is readout after romqgg.,,
methofipfynanyfa¢tyeng ra@s%MO%s‘@éﬁﬁ%menﬂé\ﬁcg thq gepsepfpyoviding, over a

. readou rowd (five.ro ahe IS . LRitiate . .
portiopaaatipstriint Petiig it PBRR bicefrbdEhi S 18, pixel amay with
aledrPplakad bO& retiBxdlWRE. 15985 HEscRBEd 9Botd HifERnown

Shmﬁd?%g4lfrlh anothefﬁagﬁéctagf tgesinfention, mhe#ga
semicaorhiivan fabticasiont teelinifjsesused, the integrati on of the
pixels is not required to be initiated five rows in

advance, . As. such, when a nechanj cal tter is used, a
[0046 L ngW@xglgélp%mvagog E]és S@e@d&qﬂnlaqc? @Hﬁqsggﬁed%gp erence to

s SOBGoh 6 DEERCTHRURL S gy fUAFIRIE
substiGIHONS c@n be PnARWHthGUUHpaiirifrem the Bpiritiadd sebpd bfrhpiielntion.

array 601 of FIG 5. As depicted in FIG 8, a .
For exzaqpde,iathough@hé mvdngpn sedtsoriesd with agspshotcodiesdpacitor disposed
phot oconver si on devi ce.in pi xel, 300 an hared, by.re .
sbovefiiopBaitbHe SO ST B SPOhPHEUSRE FHMpAGH SoBor ecfusion
. | - r.si - .
st 0 AL 05 BROHA0 RUR'PIRRSENRAR2 Gl b coule o ot
parts ¢ff thepiteh op bt @lrap bohailiing ehopiatlo-Addivenslygn cdpacitoe may be

301c. Each pixel 300, 301a, 301b, and 301c has a
underpeathadiltey shatremy passes vegrighst dyccembnglpaths ingmtion igAgt to be

12
.p81¢. Th f ' | 00, .30 .301h,..and,; 30 ,
consif38s ST A8 B8, 880 29 P RGP e ope ot

claimi recuitry, i.e., source follower transistor 686, row
sel ect 688,
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and floating diffusion 678. [0043] FIG 9 shows a

system 1100, a typical processor systemnodified to
wonodndesesan i nager device 600 (as constructed POTRISEG®6/031827

5-6). The system 1100 is exenplary of a system having

digital circuits that could include i mage sensor

devices. Wthout being lirniting, such a systemcould

i nclude a conputer systenCLAEMISra system scanner,

machi ne vi sion, vehicle navigation, video phone,

surveill ance system ayto focus system star tracker
systV¥ht lﬁﬁlallﬁ?fi/ ACREE Ane degyad wnhe pratgecd @5 &eﬁqeﬁ%lht of the

. stem_ and ot her image acquisition or processing
Umtccié?‘%eesﬁ%' [0044] System 1100, for exanple a canera
system generally conprises a central processing unit

(CRY) ADBHRI adsgRoPHrding Cr oprocessor, that

comuni Cates wi'th an input/output (1/0O device 1150
over a hus 1170. | nagi,n eyice 600 al so communi cates
wth cndeptddag SEDRH I nEe BBG RBE am 1100
%%R)n‘s,n&h&‘é%ﬁidr 136 & 98¢ piRRITARY (RAM 1160, and can
i ncl ude renovabl e nory 1130, such as flash nenory,

whi ch al so communicate with the CPU 1110 over the bus
1170. dtmpatinagiongmoely dectfodiyapuptedctorsaiddt sad h a

processor, such as,a CPU, digital sig| pr.ocessor, or
Feersh pirclss A comarionr Bringichsmoped W?@a@m% on a
single integrated circuit or on a different chip than

ot st SR BAF ey gl 1, PO REARBRET AB0LE0 of

n € invention I'n 0]

manuf acturing the system 1100. For, examle, in one
exenpl @y S@Qfﬂ?@@ﬁ%ﬁfl‘,’erﬁoﬁéﬁﬁeﬂ Qgﬁmééﬁﬁﬁ%?ﬁur ing an
CMOS readout circuit includes the steps of providing,
oved. alheopixcbarraf ofcldnb3twhtreircaid sspod givred istathar a
single integrated circuit, at |least a pixel array with

shared%lgg%g%irg&r%éa[ aced over red pixels (FIG 5) as

descri ove I ng known sem conductor fabrication
dockr| DEADHAAITPI ORI S HiPeh CPBPEFBRAG RS hoc 1 ¢
exenpl ary enbodi nents, it should be understood that
many nibokitfdgediffiisios regidn coupled to said first and second
pixels, said capacitc;r being electrically coupled to said floating
diffusion region.
5. The pixel array of claim 1, wherein said photo-conversion
regions are photodiodes.
6. 'The pixel array of claim 5, wherein said first pixel is in a first
row of the pixel array, said second pixel is in a second row of
said pixel array, said first row being above said second row.
7. A pixel array comprising;:

first and second pixels, comprising:
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substitutions can be nmade w thout departing fromthe
spirit and scope of the invention. For exanple,

waltdtmagisit he i nvention is described w th respect/usen06/031827

t he capacitor di sposed above the phot o-conversion
region of a red pixel being coupled to the floating
di ffusion region of a pixel, the invention is not so
lai siibk@ste MG gth@aspaCiepion Mya pRotoumivetsiow ragidny
parts of the pixel or an array containing the pixel.
Additionally, a capacitor may be underneath ,a filter

tarfist photp-geaysesion deyiqe fgrmed A Elasy PROIGrSPOVEREPT nvent i on
. is.nat to be consi.dered as limted by the oi ng
regionySaid BresPR> SORrOB HeyeF Brired bt Bl RREE ) 2
: ' NB Y& [idig: ¢l ai med as new and desired to be
Plxela%???é%%%%ﬁetter% Patent of the United States is:
1. A pixel array, conprising: at least first and
seoond phael-somaviiog dpviot foromdvierthe photegowressiomher e
. said first pixel is a d. pi.xel; and a capaci.tor
regiong @qqﬁémcyldamﬁpﬁ%aﬁqsyné&y chemngpassariaeri Witk sddy second
ixels aid _capacitaqr i [ s over said first
secon: P9%1@kﬁg@n$ﬁgxﬁﬁ§éoq§P$§§%%?%€§§?h1 . wherein said
capacitor is disposed over said photo -conversion

r £@bPIxeHevivdidibpbbéd bvdriantlelecBricallp@oppledl toatidafitsof
claim?2, wherein said second pixel is either a blue or
photogroaeersizinxefiondof. saith@rsppixel, said sagonsk pistldiaing cleticalier
conprkging a(fonnon floating diffusion region coupled
coupledytassidistofagstdexits- second pi xel s, said capacitor being
el ectrically coupled to said floating diffusion

Lﬁg%g”gté% glex}g?%ﬁ} SEdaia] 7 Ahakifladd FolageMgiRiin sai d
electrically coupled to third and fourth photo-conversion
devices.

9. The pixel array of claim 8, wherein said third and fourth

photo-conversion devices are sensitive to blue or green light.

10. The pixel array of claim 8, further comprising a common
floating diffusion region electrically coupled to said first and
second pixels, said storage device being coupled to said
floating diffusion region.

11. A method of forming a pixel array, the method comprising the
steps of:

forming first and second photo-conversion regions over a substrate,

wherein said first photo-conversion region is sensitive to red light;

15



and

regi ons are photodi odes. 6. The pixel array of claim
5, wherein said first pixel is in afirst row of the

woizn@lo2aten ay, said second pixel is in a secondPCOWS®i06/031827

said pixel array, said first row being above said
second row. 7. A pixel array conprising: first and
second pi xel s, conprising:a substrate having a
tformiigst capacieqy dispasad oserphit first phowr-sonversiegiregiona
first photo-conversion device forned in the

phot o- conversion region, said first photo-conversion
devi ce being associated with said first pixel and

P2 GRTLRBph Gl R ep sy PEGRM erion segiom. o,

and sal®&ipafitosai d second phot o-conversion device being

associated with said second pixel and being sensitive
to blue or green light; and a storage device disposed

ovE}. ahle aicgled pEdhiny 1¢ofupther compsising the sigp of
phot o- conversi on region of said first pixel, said

secondopinkf) saﬂf&%ﬁd@bﬁ&tc&' said ! Arit pHvel @avégiosdiegion.

st orage devi ce. The pi xel array-of claim7, wherein

k1 obfd ARERGTHE o 1P BRI ORLboRg HBeRE. 2, " "

array of claim8, wherein said third and fourth
phot o-emversicsi wgiafeisisersitiverte blue or graga kghthl ue or
green light. 10. The pixel array of claim8, further

o oo sk ipgicidl ol vemmnid
St ARG fFfr oRBhild iU B bihiRg okl BRI
layer over said substrate.

15. The method of claim 14, further comprising the step of
forming first and second transfer transistors over said substrate.

16. The method of claim 15, wherein said step of forming said first
and second transfer transistors further comprises the step of
forming a gate oxide layer over said substrate.

17. The method of claim 16, wherein said gate oxide layer of said
capacitor is thicker than the gate oxide of said transfer
transistors.

18. An integrated circuit, comprising:

a pixel array, comprising;:

at least first and second pixels having photo-conversion

regions, where said first pixel is a red pixel; and
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11. A nmethod of formng a pixel array, the nethod
conprising the steps of: formng first and second
wohoet/omemnver si on regi ons over a substrate, wheCc®ius2006/031827
said first photo-conversion region is sensitive to red
l'ight;form ng a capacitor disposed over said first
phot o- conversion region; and forning electrica
connect i ons dapeditsrrosamankyrriectriesdcenpledio sadifsss and
said capacitor., 12. The,nmethod of clai.m 11, furt.her
conpr i %Hdr?ﬁc‘f‘!f{aplé‘FépWBFr%§ PSP SispRasd Bver 5ot
sai d Q%&ﬁkﬁﬂhoto-conversion region. 13. The nethod of
cl ai m12, erein said second photoconversion region
is sensitive to blue or green light. 14. The nethod of
cl B Mg insdgaeidreigaitbislen 1S, Wieidhrgdsapsaticagaci t or
further conprises the step of form ng a gate oxide
| ayer er ' t The. i m 14,
furt neiEBed B e ALPBhARL Faybjory BEGIFANAR fsr Bl
second transfer transistors agver said,substnfte. 16.
TheD nelpmtegratedagiieuimt dgiey B, vhessig saidesscend piehis ng
said first and second transfer transistors further
conpr i getr hidusbegreeh gl ng a gate oxide |ayer over
said substrate. 1/. The nethod of claim 16, wherein

i CRaS upR Rl LB 20 JIRAE i R T e

An integrated circuit, conprising: i xel. array,
conpri @%ﬁ)@pﬂ floating diffusion rlzgjgion cog’ple(il tc? saﬁg first an.

second pixels, said capacitor being electrically coupled to said
floating diffusion region.

22. The integrated circuit of claim 18, wherein said photo-
conversion regions are photodiodes.

23. An imaging system, comprising:
a pixel array, comprising:

at least first and second pixels having photo-conversion

regions, where said first pixel is a red pixel; and

a capacitor commonly electrically coupled to said first
and second pixels, said capacitor being disposed over said first

pixel.
24. The imaging system of claim 23, wherein said capacitor is

disposed over said photo-conversion region of said first pixel.
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at least first and second pixels having
phot o- conver si on regi ons, where said first pixel is a
woed7passhi; anda capacitor commonly el ectri cal PgT/US2006/031827
coupled to said first and second pi xels, wherein said
capacitor is disposed over said first pixel. 19. The
integrated circuit of claim 18, wherein said capacitor
| 951 SHRSRthg@PiysEoM Of BlARh 040 MeRLS 1A seqgidpixellis Sai d
first pixel. 20. " The integrafed circuit of claim 19,
wherei n.sai d.second pixel is either a blue or green
pi xel .CIBET APE OL@TEER BCY ¢ircuit of claim 20, further
conprising a common floating diffusion region coupled
t 26 aithd imaging sistege ©6 Aldim i20e fistheraomprisgd coMKE] ng
el ectrically coupled to said floating diffusion
regi oo Aig digsibR QAR LEEDIEH k6 Whill Rkt Hidadctddd,
wher ei n said photoconversion regi ons are photodi odes.

compr 1T et PR R fePar DRt T ke

phot o- conversi on regions, where said first pixel is a
red pidihsionmegiancapaci tor conmonly el ectrically
coupled to said first and second pi xels, said

Capaci TRE iRSJNG sFhr&RQFRMIAVF, wirkélnfshidghdwoxel . 24.
The i magi ng system of claim 23, wherein said capaci tor

i s disposed. over. sai d?TE of ispaver sion region of said
first PIREPDECEHE Frardf gllsyst em of claim 24,

wherein said second pixel is either a blue or green
pi 3| . A processor system, comprising:

a processor; and
an imager, comprising:
a pixel array, comprising:

at least first and second pixels having photo-conversion

regions, where said first pixel is a red pixel; and

a capacitor commonly electrically coupled to said first
and second pixels, said capacitor being disposed over said first

pixel.

29. The system of claim 28, wherein said capacitor is disposed over
said photo-conversion region of said first pixel.

30. The system of claim 29, wherein said second pixel is either a

blue or green pixel.
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26. The imagi ng system of claim 25, further conprising

a common floating diffusion region coupled to said
woi2oet02888d0 second pi xel s, said capacitor bei ngPCT/US2006/031827

el ectrically coupled to said floating diffusion

region. 27. The imaging system of claim 23, wherein

sai d photoconver5|on regi ons are photodi odes. 28. A

prdbesEhe system ofrrlaino 30y %sﬂng -comprisges senmantosing

i mager, conprising: a pixel array, conprising: at

| east diftusibn 366 oﬁ%%?!éd&b’&%d%@%d‘&c@ﬂ%bﬁcefso P si on

regions, where said Tirst pixel is are plxé and a
capaci tor .co electrically coupled.to id first
and se%ﬁﬂt%%%&e%té’lcéﬁ %fﬂﬁ%‘?cfﬁ’r ath K8 over
-said first pixel. 29. The system of cIa|n128 wher ei n
said cgpmaitor is disposed over said photo-conversion
region of said first pixel. 30. The systemof claim

292 WNERE§RtchbecISRE 310 wheXeh sdig 3 Pn{(hgén\%rﬁbﬂ e Bbns

green pixel.31. The system of cl

conprisin ﬂnnn floating diffusion region coupled
to sail® PﬁPgF&% fd* second pixels, said capacitor being
el ectrically coupled to said floating diffusion
region. 32. The system of claim 31, wherein said photo
-conversion regi ons are phot odi odes.
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