HDR/ AB ON MULTI - WAY SHARED PI XELS FI ELD OF THE

I NVENTI ON [ 0001] The present invention rel ates
w@emwenaisBy to i mage sensors and in particul ar POI/ES2006/031912

pi xel array architecture having shared conponents

anong pixel cells of the array. BACKGROUND OF THE

| NVENTI 0 i L E-al rray
i ncl ude%% cﬁm*iwgﬁéma gﬁ%@?‘s‘gach one
of the cells including a photosensor, e.g. a
phot ogate, phot @gRNGEOFHEOINGE iode. In a CMOS
i mger a readout circuit 1s connected to each pixe
cell which typically includes a source follower output
[0001{ r anTihetpaesent reveptioh odates genaraliy 6 irsagrheheors ahd in particular to a
. el ectrons which are typically transferred to
pixel arrgy] yghiteiuen hing drredkeimporain amoag Rigelcplls WPRY he
source follower output transistor. A charge transfer
device (e.qg. i ) [ for
transferriné&%ﬁggggb ron#?ﬁgﬁ%ﬁg?bgg§§§§ﬂ§o t he
floating diffusion region. In addition, such imager
[0002% el | Typynllgal digithiauRger drkfriatisides a fodal pRaettiapof phel cells, cach
loating diffusion region to a predeterm ned charge
one of theegadls ipelindingtaoplatasepsot, egn sfphrasagate, Nletoser@LAton L he
.source fqll r transistor. is gated as,a pixel. out put, .
photodidtyfiy'a (MO igipect ¥ saiopT Grait P nne 68 3p Castinirboe)l which
. . r n
e e R e gl T A groms
to electrehewhidhsareftygicallyregisfegredito aul datmpadiffesion irbgdn cbanected to the
exanple, in U S. Patent No. 6,140,630,- U S. Patent No.
gate of the sgwrcgdgllowerputpyt wpasisier. 4 cBagedeBisioy deyicpie-gntirargistor) can
. 6,652, U S ., Patent . 16..204, 524 .an S. .Patent . -
be inclugg 03 E38fesnchirBh W M- i BEHRBE o R MGATIRG; 45168 kegton.
In additioRS such@nddep LIRSy @Ay Have AG R Rfstd B r QLRI ARI8AL Hiffusion
are hereby incorporated by reference in their
region t@Atpreddtyrmindd@hirgwitvel pedercerdnegt raffG8ncd., The anch1,of the
%Q;ch respect.ively illuiirate a,&gf-domn viFma a .
source follgwer fransjsgrds gatetljagaRixel paipussignal BE prpwarelest pragsistor.
schematic of a conventional CMOS pixel 100, when
knci ' 7/ ' - he :
10003 ER el YRl AR AS pREsiEEs Rercof, and deailed
descriptihe of tlanfulnetienyaf vasiods €MOsalahesksiof ahifaping diteaitaren

of the photodi ode
described, for example, in U.S. Patent No. 6,140,630, U.S. Patent No. 6,376,868, U.S.

Patent No. 6,310,366, U.S. Patent No. 6,326,652, U.S. Patent No. 6,204,524, and U.S.
Patent No. 6,333,205, each assigned to Micron Technology, Inc. The disclosures of each

of the forgoing patents are hereby incorporated by reference in their entirety.

[0004] With reference to FIGS. 1, 2 and 3, which respectively illustrate a top-down
view, a partial cross-sectional view and electrical circuit schematic of a conventional CMOS
pixel 100, when incident light 187 strikes the surface of a photosensor 120, for example,
photodiode, electron/hole pairs are generated in the p-n junction of the photodiode

(represented at the boundary of n-type accumulation region 122 and p-type surface layer



(represented at the boundary of n-type accumnul ation
region 122 and p-type surface |ayer123). The generated
web@che4sss (phot o-charges) are collected in t hERCHUS20p€031912
accumul ati on region 122 of the photodi ode, photosensor

120. The photo-charges nove fromthe initial charge

123). THEGURAR Bt 8 MRoleded oy SRR AL REIELAL iy Blion
region 120a#tth8gheiddisdd, Phote@hast 10 The pidiccahdr¥cLRBVE Fbafthe initial
to a pixel output voltage by a source fol ['ower

charge ageumslatonregios 12dtosaibeamgedifiisionuegion 1910 da edtamsfar transistor

output |line 111 via a.row sel .transjstor 109. )
106. T ’-‘oféﬁﬁé ﬁ&ﬁséﬂ%ﬂa&&ﬁfﬁmﬁsrq%ﬁb HeIPEALY SR sorpirel
ourpur HRRUTLY 2 sBhfZs SupPh; BlnkSior 108 o ALGuAMY curpur o @ columa
output l@Rl M 1hdh & ro® sehet plangdod009i s utilized in converting

light to charge carriers. As shown, only a snal

ortion of the cell 100 conprises the photosensor 120.
[0005the Comupmideral SiMOhbinmees Hesig, sadl addst shawn goFEE bfpr pixel

reqi ons . 102, .sho STl _regiens in a substrat 1, .
100, prof ' A3 ap P BreR s P Brisar Ot Btfore Bufpiie b Baff of the pixel
100 is ufiliR2ASh&ond&kReiitht 18 chargk (BRRFET A SESH S8 a JRBI RRFon of the

source/drain regions 115 for reset 107, source
cell 100 komiposesrtht @hotasedsonl (s €Tee terdi8d ¢ afithic $ixad 4 0anélndes the
i . respectiye gates 107', .108, and 109'. As the total .
isolationgegiops 4P¢ s phorkk regionsde peaberygddly sheidertingdiffusion

. i vel t § et eas| ' t to.creat .
region 13650k 8o ARFTRS: 108 B3R BRI, RSP RE e crmin
regions BY®fitreRt 190! §Gee &51RA @1 080akd RSty REIEE BIS tréh8itbrs havin
g
~layouts on t he pi xel array for the non- phot osensi tive

respective gapsidit s1 @Y, and 18P % eds thel sl pixep piaicdetinney wad®dease (due to

) ot Qsensor areas. [0006] In addition,, i mage .sensors,
desived LR)ieTol Barom ARG G I8 6 EobigTo RNy B gk osensors
aye . o | . .
o i Y iy 1980 AR LS O ) 40010 A5 2A08 gy on e i

array fortthahofghdiescasitoarodpoacn®f @ie pixeilgells eh pesvidinreased
single frame of pixel data. It 1s desirable to have an

Phouw@ﬁﬁﬁgﬁﬂéensor with a high dynam c range to i nage scenes
t hat generate high dynam c range incident signals,
roons With windows to the out

uch i-ndoo | de,

100061 BB B ol R Bagt st L RSB o GHb e ne,

conventiBh&lPixdli DO, 3B Aha AR RO Byinbik frigd el DYyh@hid A8g@RGers to the
shadows, and many ot hers.

range of incident light that can be accommodated by an image sensor in a single frame of
pixel data. Itis desirable to have an image sensor with a high dynamic range to image
scenes that generate high dynamic range incident signals, such as indoor rooms with
windows to the outside, outdoor scenes with mixed shadows and bright sunshine, night-

time scenes combining artificial lighting and shadows, and many others.

[0007] The dynamic range for an image sensor is commonly defined as the ratio of
its largest non-saturating signal to the standard deviation of its noise under dark

conditions. The dynamic range is limited on an upper end by the charge saturation level of
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[0007] The dynam c range for an inmage sensor is
comonly defined as the ratio of its |argest
WO eaL582 at i ng signal to the standard devi at i PCT/0U82006/631912
noi se under dark conditions. The dynam c range is
limted on an upper end by the charge saturation |evel
f 1t : . ef .
the sensdh o Bt Kok e b hofle ARpRERE R0 B4 Por U ERGN B of
the anald¥-td-ARiRnabB@ricp usidid plodeed vied Eitalimetel OVAEREhicdyidngic
Igital image. Wen the dynam c range of an inmage
range of spnwege senspOB tomaialltto amcommusiise thetasiatians i lightgngensities of

. light intepsities of the inaged scene, .e.d.. by having
the imagg Pegcs Gt PRIREAE 0w SSCHAHGR b iBRer dtdiioprasdurs.

. ¢ - ge
Accordinfff YR ROl PhigkMhRnlP KIS £ ShBDHBRALEY [P0k
probl em associ ated with charge generation in
[0008 Tt onvAntiaedtaproplerehssochuahwii dhhpel geh@bhtiodciawosvideohal pixels,
the_incident |ight captured and converted into charge
such as pigl (LAY, aervirnwhgn sk¢ msidsat lisht Faptyredeansk canygried firto charge

) it. f . h 120... A pj [, [ .5
oo P A5G RS BTEOE B S P FOLIED. A i
maﬁmu&%ﬁ@fge@agﬁ%%ﬁ BL irQRthedhi & E‘cl&@&@ﬁﬁ)v& Qe P 8L mIPRidnO which

be easil ated, thereby limting the dynamc

causes thegixs 160 tbhe qbiketatifbed, thaeby imideg shadymagic amge of the pixel
(phot odi ode phot psensgr 120) reaches saturation, any

100. Onggche psHig @B&%@%@@ﬁéﬁ@ oEsaU¥IE i reaghes sasutatioa, any

o 1 C .t h cu ation
sadiion SBET5 a8 AAGER 50804 U5 CBE IR IAHGHEY) PRl
charge adc@akasigors 18D @lfgle@?h@to@a}&bau@ot QA Bl ds 3hs SeaRagd Sauses

of the pixel 100 or onto adjacent pixels, thereby

charges toauigratg tonuslssitabllk parft0edie phedilttiOcrradrity adydvent pilvels, thereby
. charges generated during an integration period are
causing GYSpdt<- f rom t he phot osensor 120 during charge
transfer, a small anount of charge may be left over in

he 2y | Sha :
L0000 R s R B A R TR R Dk e
output frém i elgsetdmor P20 idadingtdhergeliyarsiitsh agakxarsst ofiaigge may be
to overflow to_adjacent pixels, simlar to that just
left over grtherphysgscorpy 52Qindbsiresdina chmEsonshennse shaphrtiesensor 120 to

exceed itF gia%rq{ln ﬂ)?cagg{}gru%&i%%%rz iﬁtgggﬁgg%rc{‘i%tdl, %‘erlclg]y éarlll(seing excess charge

to overflow to adjacent pixels, similar to that just described. This undesirable phenomenon

is known as “blooming” and results in a aberration in the resultant output image.

[0010] One solution that has been suggested to overcome the above blooming
problems, is to provide a pixel 50 with an anti-blooming transistor 47, as shown in FIG.
1A, which is a top-down view of the suggested pixel 50. As shown in FIG. 1A, the pixel
50 is similar to the 4T pixel 100 of FIGS. 1, 2, and 3, but has an additional transistor 47,
for reducing the blooming phenomenon just described. During an integration period for
the pixel 50, when the photosensitive region 41 (which may be any of a photodiode,

photogate, or photoconductor) becomes saturated with charge, the anti-blooming (AB)
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[0010] One solution that has been suggested to

overcone the above bl oom ng problens, is to provide a
w@Rrooel2682 wi t h an anti - bl oom ng transi stor 47, PE@rUSIv0§031912

in FIG 1A which is a top-down view of the suggested

pixel 50. As shown in FIG IA, the pixel 50 is simlar

| . 1, ..and but . h
transistol Bt Pafthy AFShEREr o sors ST ige ARSI Mah the AB
transistoPBZ RAARAGLH ldpSh 2HESE Eb\%ﬁgd tp'irvbﬁg @Ehopi[[ﬂ'sg eghd ? %bscd design is
period for the pixel when the” photosensi

effective feginoreadihg (ah dpdmmiayatee afheafelld (pinatomtihaeden to the conventional
- llO(g ot ogat e, or photoconductor) becones saturated with
pixe

,tth@ pggﬁqsccﬂ, pgrghﬁg dag Aﬁgwgr fill factor than the conventional pixel

Q. 1t sto 4 tr fers
100 incP5EP50 SRR b RSB0 Bl 2, 00T DBy BRI e il 50
can be ﬁ&otsémestor 47 and which drain area is coupled to a

voltage supply. The proposed design is effective for

i ncreasing the dynam c range of the cell 50 in
[0011Lt0 rrpé:q:csrdmgl;o thére iz odesire foonal armymlvlngqﬁxclrcou:ewhrch liave a high

0 xel has. a | ower fj actor than the
dynamic BURORIN SPE ] OB AT HED it cBgenhlaybie® Bivha high fl
{ ea of the pixel
factor. ASPO&(@Z%&BPB Lkottu(la ncgllh% p&@ p&f%h?tﬂSt) clcg?({':h ngly, there is
a desire for an array having pixel cells which have a

hi gh dynamBRIEH$EMMARYOT TEre INMENTIONW ef f ect s and
an efficient layout to permt a high fill factor. A

th of operating such a pixel array is also
[0012]jeg; fga PrERIEPYSUAIARY tes-vaF LS| NURRITORITROgEEF A tFhiprovides a

pixel arrag%&g&tctﬁﬂa\fﬁgﬁf C}Huléfgge %&g]s Yﬁfﬂ iy éﬁgp %1 a}?é Qpents, The pixel

ment's ovi pi xel array-arc
architectii@VinB@asdslthé Hll fadeb @hd iMinludh, ShafeshthxefficiearP Qﬂﬁ{étlﬁxcl array.
The pi xel archi tecture increéases the fill factor,

The comjprpn pixal cedllr@n@pmwntﬂmey be @hand;bycaf nmmbemﬁqakela I dy:. array, and

I xel cel anen be shar

may md‘ﬂ%ﬁ?é’?r abfombasss i erooy n&lag? i CeaFar A SIg@%lszoan the
#RIMe1S

B e .
provi di ng an antl-bloon1ng characteristic for t he

[0013 ]pi xelmsacchfdihat with aficoedanglarymbodinidnt$if tex BIVBhe6Y, a pixel

enbodi mrent of the invention, a pixel

array is provided having two-way sharing between two, row-adjacent pixels that share gate

structures, including a high dynamic range/anti-blooming (“HDR /AB”) transistor gate.

A method of operating the two-way shared pixels includes global operation of the shared

HDR/AB transistor gate.

[0014] In accordance with a second exemplary embodiment of the invention, a pixel
cell array is provided having four-way sharing among four adjacent pixels that have several
common gate structures, including a high dynamic range/anti-blooming (“HDR/AB”)
transistor gate. A method of operating the four-way shared pixels includes operation of the
shared HDR /AB transistor gate.
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array is provided having two-way sharing between two,
row adj acent pixels that share gate structures,

WO pozhisey a hi gh dynam ¢ range/ anti - bl oom ng PCT/US2006/031912
("HDR/ AB") transistor gate. A nethod of operating the
two-way shared pixels includes gl obal operation of the
shared HDR/ AB transi stor gate. [0014] In accordance
with a second exenplary enbodi nent of the invention, a
pi xel cell array is provided having four-way sharing
among f our mﬁﬁkﬂpg*itﬁq@@r}mmw @k comon
gate structures, 1 ncluding a high dynamc
range/ anti - bl oom ng ("HDR/ AB") transistor gate. A

[0015ret huthedbrappixighnd gtiichasfeotsrofwhy imreatiod wilbel tetter understood
I ncl udes operation of the shared HDR/ AB .transjst.or .
from theyfellewimsyepiled gowripgon PERENVERILeMy WPHCANS PFOVIgge in connection

'ththDRAWNGS' 0015]. The f“?nré oi ng and ot her aspects of the
with the3eeIRPRSARG ATV HES 5 ¢ ‘under st ood fromthe follow ng

detail ed description of the invention, which is

[0016RT OViFded 1iip aQQ%Lr&w AEW Wi b Rohéntasnd fRanyil s (4d) GeOS
in which: [0016] FIG 1 is a top-down view of a

pixel; conventional four transistor (4T) CMOS pixel; [0017]
FIG ITAis a top-down view of a suggested 5T CMOS

i xel _includi ng ap ant.i - bl.oom ng t i . 100 .
0017 & F3G; PSR He RS RLR VPRRE Stn bR BP b Ridps
. . : ng line 1-1'; [0019] FIG 3 is a circuit
anulﬂoé?ﬁ%?éﬁﬁ%gbghe conventional CMOS pixel of FIGS. 1 and
2, [0020] FIG 4 is a top-down view of a portion of a
[00180i xelFI&:. Ray acoosiscaiimbiview cfebe piiahof Fist b, @mkén plong line 1-17;
exenpl ary enbodi nent of the invention; [0021] FIG 5

LS a_circuit diagramfor ortion. of i xe
(00198 na o e icHeadcpeumn s b trrvgonss SR ot affIAY. 1 and
5. enbodi ment of the invention; [0022] FIG 6 is a timng

diagramillustrating an exenplary nethod of operating
a

[0020] FIG. 4 is a top-down view of a portion of a pixel array constructed in

accordance with a first exemplary embodiment of the invention;

[0021] FIG. 5 is a circuit diagram for a portion of the pixel array constructed in

accordance with the first exemplary embodiment of the invention;

[0022] FIG. 6 is a timing diagram illustrating an exemplary method of operating a
pixel array constructed in accordance with the first exemplary embodiment of the

invention;

[0023] FIG. 7 is a top-down view of a portion of a pixel array constructed in

accordance with a second exemplary embodiment of the invention;

[0024] FIG. 8 is a circuit diagram for a portion of the pixel array constructed in

accordance with the second exemplary embodiment of the invention;
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pi xel array constructed in accordance with the first
exenpl ary enbodi nent of the invention; [0023] FIG 7

WO 2008024582 down vi ew of a portion of a pixel arP@pyus2006/031912
constructed in accordance with a second exenpl ary
enbodi nent of the invention; [0024] FIG 8 is a

0025 G AT e S B NS 6 pperaciog
pixel arr@@ﬂﬂtrﬁ@ﬂi iRfact}ah EVRIh 1RO firs L396:h BBtk & %2 lhe

9 is atimng diagramillustrating an exenplary
inventioit hod of operating a pixel array constructed in
accor dance vvi th the first exenplary enbodi ment of the

[0026:'1 %Sﬁégﬂ@ gﬁg@a?marlc? taSnfo %Frﬁggerd' i bpfen ey gpixe

i'agram o a proce§3|ng system enpl oying a
CMOS i mager constructed i n accordance with the

[00271[] nvep{Gonl iEbRck @g@ﬁﬁ%aﬁb&\ds@ sy$teml vEIigN CMOS
0028] In the foll ow na@ etail ed description,

imager cogftenatad & accondatse tvath He iggavigsanyi ng drawi ngs, whi ch
forma part hereof and show by way of illustration
speci fic enbodi nents in which the invention may be
practi ced. These enbodi nents are described in
sufficient detail to enable those skilled in the art

to prachHEEANED PESORIPTIONGE THEINVEREMNer st ood
that ot her enbodi nents may be utilized, and that

structural, logical, and el ectri cal changes
[0028ﬂmde1wtltdwfnhltmweg> detaileg dﬁtc@pﬂpherefgmm is apAgl ac¢ompanymg

drawings (gHED GRS T PBR O ERUBPS. Y B ShaBe e SgH e Stiments
in Wthh] ﬂﬂ\éqﬂt} ‘ﬁ'&n rﬁ%y\ﬁé’ Efacttgzaf E‘ﬁgééeé?ﬁt?ocﬁfncﬁtseﬁé descri¥el in sufficient

to t orth herein and nay be changed as

detail toléaaklﬁQhﬁsd dkillddeinaht artwotpradtive thy deehtion, ;ﬁfd astiepsbe understood
necessarily occurring in a certain order. OOZQ& The
£

that Othtfeﬁfﬂ‘BOdlmpé? maﬁh@ utél@bé,tandttéat stgectugbdogisnlepnd cleewicabchanges
und s_i.ncl udi n con

may be gt BRonhrieia v et fPe o R Bifippeption. The

progrcss{og@ processing steps described is exemplary of embodiments of the invention;

however, the sequence of steps is not limited to that set forth herein and may be changed

as is known in the art, with the exception of steps necessarily occurring in a certain order.

[0029] The terms “wafer” and “substrate,” as used herein, are to be understood as
including silicon, epitaxial, silicon-on-insulator (SOI) or silicon-on-sapphire (SOS)
technology, doped and undoped semiconductors, and other semiconductor structures.
Furthermore, when reference is made to a “wafer” or “substrate” in the following
description, previous processing steps may have been utilized to form regions, junctions, or
material layers in or over the base semiconductor structure or foundation. In addition, the
semiconductor need not be silicon-based, but could be based on silicon-germanium,

germanium, gallium arsenide or other semiconductors.
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t echnol ogy, doped and undoped sem conductors, and
ot her sem conductor structures. Furthernore, when
WO edoenats8e i s nmade to a "wafer" or "substrate"PCTHUSI06/031912
foll ow ng description, previous processing steps may
have been utilized to formregions, junctions, or

terdial |ayers . jn or pyver.the. hase semn conduct or.
0030 e Biseln dabpeshicieim STaR D o Reciemettc daic cell
containiﬁ% Tgﬁ%%@ﬁé&fanﬂ%%c‘iﬂ%&d B nSiklok CRPBASGHing IHo 6 M tabPEectrical
based on silicon-germani um germani um gallium
signal. Forgamposes of ilhishrerios easmalhduntber sf representative pixels are illustrated in
DSVDB. 1896130. 1[ Q030] The te%:;rjé"?i xel ," as lIISGd ) .
the figungg prq descrigtign dict@naphpwetes, BPeatn fabssror of p lagp phyrplitypf like

. a _phot.osensar and,associ at ed t tors.f
pixels peg O TR SR EP L e R T dsggption is ot o be
taken in RUMPIERESee, hhd B §dbk Qﬂr,th;@Fﬁeg&hﬂ inf&HRST isUefined only by the
representative pixels are ilTlustrated in the figures

appendednidhigbescri pti on herein; however, typically fabrication
of a large plurality of Iike pixels proceeds

o0s1SLUHaRERSL oo shagly, e ot ontng defpligs o be
interprctggqts ﬂ?ggfag%%? n\n@&?l[%gg%c]t_ it@ ¥_ﬁ1@1te'59ﬁc& §¢ig§§1h9§gin9,ndkﬁt is not

the appen e terns "at an

exactly pafgdleBor exaaftg beghenditnthr. Acabtdagly, ®henseRafier godiioard ah®bject
be interpreted as neaning at any angle, wth respect
and somt gefspmee poattaveatebdpanea pglathat ishradt 0°s 9Adtoreb@s the object is
., parallel or exact]ly perpendicular. Accordingly, when
considergg “prgled,”a 253 ARS8l 0Pr ararsfle sitharsapacs i@ thefefreReepoInt.
point nmeet to forman angle that is not 0, 90, or 180,

he ohi . : . w
T G e e i
FIG. 4 ilNa¥¢ak&faedopl di@vih Qiekh6f £ pridBof MWbigeRarkdyKES Meddtalcted in and over
designate like elenents, FIG 4 illustrates a top-down

a silicon gilesiragd withpopixelday it desigindelaceendage2Bsh adist eoEdyi n
.and gver a silicon.sub aLe wth.a pixel |ayaut .
embodif; chihF RPesERORUET P E 8 1§ Fir EBirtra AP b arpighs of the
FIG. 4 ltaﬂ%r pegsent invention. FIG 5 is a circuit diagram
ecpi cting portions of the FIG 4 pixel array 250.
[0033] In the illustrated portions of pixel array 250,
[0033]wo [othailjusicent poirtehsofife, ar29@50h avd rgwpdihieae psels200a,

201, 203 share _compn pi xel conponents, including. a
200b having photosensors 201, 203 share common pixel components, including a
common high dynamic range /anti-blooming gate 208, as discussed in more detail below.
The photosensors 201, 203, may be any photosensitive structure for converting light
photons into electrons (photo-charges), and in a preferred embodiment, the photosensors
201, 203 are photodiode regions. Each photosensor 201, 203 illustratively has an
associated storage gate 212, 214 for storing the generated photo-charges in respective
storage regions 213, 215 prior to a readout of the charges. The storage gates 212, 214
and associated storage regions 213, 215 increase the charge capacity of the pixels in array
250. It should be understood that the storage regions primarily comprise a doped region

(n-type) located under the respective storage gates 212, 214 in the substrate.
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common hi gh dynami ¢ range/ anti-bl oom ng gate 208, as
di scussed in nore detail below The photosensors 201,
wWQO®;7/0pEy2 be any phot osensitive structure for PCT/US2006/031912
converting |ight photons into el ectrons
(phot o-charges), and in a preferred enbodi nent, the
hot Yy . i i Ly
(0034f1t RSAIER o2 0o a8 PEL U, AEOLERRL SRR e o

pixel sigisdl FFAHQ ol itegtAion?fdiddivhilt @hé pHotdEns@eNBOBIXIB are generating
phot o- charges in respective storage regions 213, 215
photo-ciprgey duninga sesadduntegfationepariaad. gds shorfié %Stlmdag@ogém if ample
12, 214 and associ ated storage regions.213, 215 .

2
charge stO1AgeCAPACIIHIS O 3R FSUG KA FA CRFXERE HHREFRE the
storage %?& 2ij,|23qo&hqac_q%n%g§ I @l 1Bt ﬁ@rdﬂ' 9c§ ﬁ?&hﬁ&g '&H@ fmager’s

I mari conpri se a doped regron type ocate
photosensitiies artdlebyr @sfigGiiny ehstiae af ehgphe®sekdrs AMY 203 foheach shared
) substrate, 7 DSMDB. 1896 130.1[0034] In addition, the
pixel 20Qa, @09§enthgpoag258.3, 215 can al so be utilized to store
a first pixel signal froma first integration period

il he. 201, 203 j
10035 fycy Bt BpBLEOGH 200G s B¥bmehCT el o 2har Faas pare ofa
respective Rty RRANKKGDE POD 0 PB4t R trhdsfAPRLahE Hah B uIdtcArFRos-charges

capacity is not an issue for an rmager inplenenting
from thetpletbsamsotsiZil,, 20R¢o stconagengatrege Adde, shodncaldaeng diffusion

rsion 2] Gugt i oRar S8GR SRS, LA ARty PR i 262", 204

. f . '
wanster skt OREIR00E; RfonZ8s 15, RS BRRARAPEEl 21, 214 o
the shared0utiSdifutiBs RELibh 24 Ot thedsdie thed@bgec2Ve tradfdr 8ePBOL, 204. As

of a respective transfer transistor 202', 204" for
shown, the amdifisiual wepsfireggates A0y L@tadaphotrepacsHdygue shaed trhesfer gate

.phot osensors 201, 203 t o] n storage node, shown

205, as ifTAGLEY o° dipriRghiny P of TR ghe fa5° pRE Sutloy aipegaate 205,

N ilA . f i r 'L

the resolgfin of Hie B Hely JAFRighi e LA (Rl a8t Sh gl i

generated ¥or thd@vo fdveadjhanaphogaeasord 2D], 203. to the shared
floating diffusion region 210 through the respective
transfer gates 202, 204. As shown, the individual

[0036]  andhesgat gorapgZates @A 2ydy 408 BWsiasieadvisy senecsegians 213,

SERH LR R A T X
to FIG. 6, to occur during the integration time for a next frame of an image without the
need for a mechanical shutter. Specifically, the storage gates 212, 214 transfer the charges
generated by the photosensors 201, 203 during an integration period into an associated
storage region 213, 215, where they can be stored and read out during the next
integration period. Thus, while the photosensors 201, 203 are generating charge, a read
out operation can be initiated by transferring the previously generated charges from the

storage regions 213, 215 to the shared floating diffusion region 210.

[0037] Preferably, each of the storage gates 212, 214 (if used) and transfer gates

202, 204 have at least a portion of the gate that is angled with respect to the associated

DSMDB.1896130.1



the resolution of the pixel array 250 m ght be
slightly decreased, as only one signal is generated

w0 20070582 WO r ow adj acent phot osensors 201, 20BCT/PSD86931912
The use of storage gates 212, 214 in association with
storage regions 213, 215 are optional, however, they

] t [ di d_hel i t
photoseBg L ph1 0L SERY b BB M B L HE BT RE Bt s g o
shown ab bBBigsih @ ekl bR Be BRgINMBYRI Whi Redih Wher A8 skokRked

a neghanlcal shutter. Spe0|%|cally, the storage gates

photose@si?s 2014203 aSmhibarlyt bechodfahgesnglengatat 202b04 ler 205) has an edge

phot osensors 201, 203 during an integration perio
272 thaﬁlﬁﬁlémi?ﬁg’é@é%‘f HHdFeErest Ry therlepgidnl 209, QI‘SC,M\We‘Pfe‘they

e rin e [ t
phorosc§ih 381 AL PR Ul o Wolgl DPupaits 129180509, 201
(and /orPRBE aflbivh GorCiRéMicnflay 6ado Ot LARSIA, 014C202 0804 (and/or 205),
initiated by transferring the previously generated ,
to imprayeahg éskigomd he rivormgece efghopsxeds1 300 28)0bantanmy 250. In

.. Shared floatin i ffusi.on, regiaon 210. 37 )
additionpilgt SRty %Yoaagrﬁw beneécial @rlg@%ﬁ@alpgsth% %@ Ho of the pixels 200a,
. n t I t a
2000 in $580b5 B Ale OF 2 S MRG0 o the
associ ated 8 DSMDB. 1896130. 1phot osensors 201, 203. For

[0038éxanmbh accdrien@dgel tRRifvehtidinahs shirad FIDR 5B gdi2, 20814 provided
are shown as being slanted with respect to the | ength

to drain exegsgichagesgviryhrawmohe phetessasses 20 bd2Pho Qnsesidopisthe ghared

3., Syx.larl each t he transf S 202
HDR,/ Ao gics S0 iy Ricaler §f5EnS b elfosp OOk 3R, £pine SR am
transistofd 308°T 838€CPrel@ablfCasl BBGNN at1e3RA 1o SHaB R0 ITNST the

phot osensors 201, "203. Thi's preferred angl ed geonetry
HDR/AH gith@08as ésrndPat ddlahgl@@h r2@écf anthegqrhib&nsads|20Ms 203, as to

. .for an efficient | ayout of the gates 212, 214, 202,
maximizg photessasigye ots8\of theanrgh? ¥e qnh%q fégﬁraﬁ c gh éhq HPR/AB gate

. . ol el ' Ord Ny
208 i a 850 BR8P b ARiEL H BTACPRE POR0B AR Bkl T drain
region 20844 PoricRed fofad hdrdy pineltvoltagé Vi Ne aPEXel2idR028. 209k0ild be

array 250, by nmaximizing the area of the photosensors
noted th2@frain2egion] 20BB]alsorn dwibofod arrcset wianbistdregatnd@Atwinnh it ised for

. shared HDR/.AB gat e 8 is provided tg draLp. excess
rcscmgc@%%&ﬁ%gznffg%ﬁmﬁ IBABHERRDIY DDA 050 AR laTaps
minimiz®d ﬂltehﬁ)tégﬁst%gensitivc arcas of the array 250, by increasing the size of the
photosensors 201, 203.

[0039] The degree of leakage from photosensors 201, 203 to the drain region 218
through the shared HDR /AB gate 208 depends upon many factors, including the
threshold voltage characteristics of the HDR /AB transistors 208’, 238’ and the voltage
applied to the gate 208 of the HDR /AB transistors 208’, 238”. It should be understood
that these factors can be adjusted, as desired, to optimize the functioning of an imager
1300 implementing the shared HDR/AB gate 208. For example, although the operation
of the HDR/AB gate 208 may be done globally for every pixel in array 250, a circuit can
be implemented to adjust the operating parameters of the HDR /AB transistors 208’, 238’

9
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HDR/ AB gate 208 is | ocated adjacent the photosensors
201, 203, formng HDR/ AB transistors 208', 238'.

woe@i o4kl y, as shown, at [ east a portion of aPCEU§®06/031912
227 of the HDR/AB gate 208 is fornmed at an angle with
respect to the photosensors 201, 203, as to nmaxim ze

. hot osensitivecarea.of the arra 0 t.her
os will bEFGLARRL By Oy B G o EGI BT o 8 5B fheath the
HDR /ABAc 208 ¢ bB gl B sAfsRe? 68 i dify Hhc eMREINNE vokBge of the
drain region 218 is connected to an array pixe
HDR /ABarimsigeoryaf8fi23 8adepanting tonahe 2p8mal pehonintchy thotmdsistors
, ,,the drain region 218 is also a drain for a reset
2087, 2381 ansi st or gate 307, which is used for resetting
floating diffusion region 310 in an adjacent row of

[0040ﬁg :] _apx}] gx?% O%ija{i?nila%gé&, {Hegﬁfﬁgtlﬁ)e@ ttx%ﬁsistggso%O%’),/ 238’ operates as a

sensi il ve ar eas e array

global rebdtGbL e diehy! b&rﬁfti@% @ ffraideeshplbet openasions TRPicall0GMOS pixel

[0039] The degree of |eakage from photosensors 201,
sensors (2@3 pixel 108 ofEHGS. ded)), ore op@ateHrusinghe {1edlinglashagtasDry mlling

ate 208 depends upon many.factors, . includi ng the.
shutter BRFEE Y] S GOPIG SN AT Lot S By et pf geing o
: , , . : ot

escons KR BECORDE i o L Ml bR ARl B
integratich putiod Hefosedrosihgad thbatxd foesorpecoanmeeaadder and another

adjusted, as desired, to optimze the functioning_of
hard resegin peveges bY SoOnmMBICE RE FAWHYIUIHEC 3k HHtegraHpRPAHOgat Ehus, cach

. 208. Fo X I al t haugh the eration of th AB
pixel has gl Squlyienf {5 BtaBinphe O RwetlS, BRSBr s st o 5 s
may hav@§iBnifitaritly’ ifikfent 8rded SR BARDGAGLH Mg dile e blur for fast

opéerating paraneters of the HDR/ AB transistors 208",
moving @Fs8its th DEMDIBel 8 SohB(Pikelsmaigtt apipdicadst mipectquincanore time

. addition, the doping profile.of the substirate beneath
consistency @mqng iR Lyaien Bogs hin B@ossibleis eégﬁ%‘é§ﬁP€8r fRproach.

herto S T SRR AL ORI AL AU o
201, 203 bRkl 29#a0 125023y bediheficihD OBOfhid WaRa ifRefAldrOpaiod begins by
aspect, die HDR/ AB transistors 208, 238" operates as
resettingzghgpbbtisensose20} 0403 thwough slye IR \Bt gatg 288 hyaapplying a voltage
Vipr to aurg:uéattee 508 %%rtalst, iglpcgtcr-@i& %:saltlln)éého VofiJ::ingcetLor the transistors 208°, 238’
causing a hard reset of the photosensors 201, 203, etc., all at once. Thus, any charges
residing on the photosensors 201, 203 will drain to the drain region 218 through the
HDR/AB transistors 208°, 238°. As the imager’s timing and control circuitry 1250 (FIG.
10) can coordinate the application of a voltage Vs to every HDR/AB gate 208 of an
array 250 simultaneously, each of the photosensors 201, 203 of the array 250 will have an
integration period beginning at the same time, without the need for a rolling shutter. The
voltage applied to the HDR/AB gate 208 once decreased, allows the photosensors 201,
203 to accumulate charge. The storage gates 212, 214 can also be operated on a global

basis after the integration period to store photosensor accumulated charges in the storage

regions 213, 215 for later read out through the transfer transistors 202, 204.

10
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sensors (e.g., pixel 100 of FIGS. 1-3), are operated
using a "rolling" shutter. Arolling shutter operates

whyooreadsng out each row of pixels sequenti al | PCT/ESZH06/031912
hard resetting a readout row i n advance of the readout
row by a nunber of rows corresponding to an

001y 735 e B RN wa S e B Ao DS a8
HDR/A%; a%ﬂgste&%’ 9?&&3@45%%9 gﬁ{j irrE/éainﬂ)r' JHeRE 4 AR HP@faRMe range

each pi Xe ent I ntegration period,
for the prasieiredrrayt 750 whilegkatprevenpapi dsmingy. BhpemoitSngrayettamemount
significandy different start and end tinmes_ which m ght

of charge gustheiphatrscntars 2Py 20360 digivilny GBjneregton Al & duringghpcge

. S ixel i L, [ . [ J .

e Sy S A L L SR BT fBon

comparikt%{ RIHNS Bt Y gﬁe%s%ﬁgo@% QRGEby Ef&ﬁ&hg 8 in&@hddd dynamic
the HDR/ AB transi stors 208, 238" as a gl obal reset

range. Tlok, iaaa,pdeimsgrasly ZEinits2018 imhgingefacamsy h2ti0g varyd bght
) _beneficial. In this vvag‘ an_integration £ﬁ§ri od begi ns
intensitigyusing BEe] 35t IR0 prdMIEEHSH PLOPHRE 1D3uRdastaRR legEions of the

. H B-gate 20 appl v f Vol . .gat e
pixel arrb 55 01 1A% by V) AR b Ry RulRERg HERpLIORGE, 2
charactehHEBASKHIR Dnfd¢here Bé8vecndd 8 N and thesserh @8 volkfgel dpplied to

phot osensors 201, 203, etc., all at once. Thus, any

cither thehomges gaes 242Nyl 4 or the tphsftogens2is, 208 if the3tarafgd gates 212,
drain the drain region 218 through t HDR/ AB
214 are Ppgrsichy BRI vokage domeat ahs %YQE‘P&EA}&FWPH@@SW%F&H the

. . ‘ ) , ]
phoroscfl B4, $4E &4 Mol spBan b AR Do 0R8) BRABEIARLE. 0/ 15 photo
charges BitoaRle drdidyegldf) 238Ul t aneously, each of the

phot osensors 201, 203 of the array 250 wll have an

integration period beginning at the sane tinme, wthout
[0042(he Adeagcdrdancs wish pnaghes wpeasionalpspesraiitthy énvapppnesishased

capacitoh A3 (B or B 101 08 SRR 1P Rt 97 as one clecrode

of the caaliSYCAIRIARS tieldpadithce T RS PixBE2ANELBDBRaR Bedncreased by
| obal basis after the integration period to store

storing ¢leetsahersdn the capugitat 848 cémalopgsisithe vhleagstapplige to g B3R /AB
213, 215 for later read out ,throu%h the transfer .

gate dogs g Spatedhgseyecss ZHAEcs (0 BENDELPIYE FIBRPROLLY fegion 218. A
second cqgc("t%(fca&ctﬁe }’c\"ﬁﬁeﬂi@? 948§¢ el%@&fcgﬁ}; O e AT geﬁg oFSource follower

I nventi on,
transistor for an adjacent pair of pixels. This capacitor 248 is optional, and is not necessary

if the pixels 200a, 200b have sufficient capacitance.

[0043] The remaining pixel components are shared between the row adjacent pixels
as shown in FIGS. 4 and 5. These components are utilized in readout operations for the
array 250. A shared floating diffusion region 210 serves as a common storage node,
receiving charges from the photosensors 201, 203 through the transfer gates 202, 204, and
optionally the storage gates 212, 214. A reset transistor having a gate 207 is located on a
side of the floating diffusion 210 opposite the photosensors 201, 203. A source/drain
region 206 on a second side of the reset gate 207 is capable of receiving a supply voltage

11
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HDR/ AB transi stors 208', 238 operates as a neans for
obt ai ning a high dynamc range for the pixels in array
wWQa®70kMsBE al so preventing bl oom ng. By perm tPCHYSHE06/031912
certain anmobunt of charge on the photosensors 201, 203

to drain into drain region 218 during charge
I ntegration, the photosensors 201, 203 will saturate

Vg Blie Hopting diffusiopetegism 219 ismlsele@ricilly conmseicidornhe gagend09 of a

nvent i onal f osensor 120.. reb rovi di ng_an
source F1BHER LBBMRPR AT e TAHDE™ AR 217 P SivE sieEdakege Ve
The soR€E BlictvdrBarsTRY J9 QEares£RERa LAY \idhhBshstd BRicharge stored
Intensities using pixel array 250 and mtigates
on the fibanry diffusiohaegiodeXli(r. ahlrewlselzat trandstof hatieg pigesd 2Bt haya drain
250. The particul ar voltage applied for_optimzing the
213 conppctedsiondie seygrecrefrthe sewics fpllawey fransigos it wie selectively reading
bet wveen 0.0 V.and the erating voltage applied to
out thcé’lnf &} nf"ﬁ%) %f%l}lgqélembea%%(g 212, 214 or the transfer
gates 202, 204, if the storage gates 212, 214 are not

[0044515 ed. Ad Ko A FRM. ¥ 0htegsrddeed wahasprleferdddb@iiitifet the pixel array
i fference between the photosensors 201, 203 and the

250, thelslxirad reagloom coagpononts et foshtedhe ansplie bk dspigax cldwsfirst trunk

. phptochgrges into..the dr regi on 218. 042]. In .
243 inclcs P RSy 1Rk eRob attaRRe L2 Y fares a drain
. Al C 0 r
region 300 B R i o S R TR Lt Rfronk 242,
is physi@lytifidated fasah tthe firshsrusik 43, lbrabipeai iseladen @égi®AA 1, adjacent
pi xel 200a, 200b can be increased bélstoring excess

one of thigphgsosensens@03apkird wcopn yankd4? imshpdes thawuyed follgwer 209° and

L TROHIY T YT T O e
trunk 228 e fls@Ftan& tRéal terORARRGIdIPD 48 %&?in@ér@@ﬁﬁéc@saﬂ‘lcyﬂoating

connected to a gate of a source follower transistor
diffusiofi @egian 24d) acertgapa? 09 of tip sceirse follover capsisior A09248 i s
optional, and is not necessary if the pixels 200a,
00b ,have suffjicient capacitance. [0043] The renai ning .
[0045) xel E@%ﬁ%ﬁ#é & 20 SHATRIEIBE tQRSTIHG g e Afray 250 is

now de§ fﬁ%hs(mg‘f AR e fePerlch B FIG. qadaiioc@(ﬁgﬁaﬁp%aogggﬁg ifafer 1300
Ut1 1 rzed in readout operations for t array oA
incorposdtaigethef piRéltarig 1200fBaséDon eRGhPRrYHays250.e Tha®xémplary method
common storage node, recei Vi ng charges fromthe
R

of opergiinot employs the stotage2ns: 2hi clihfeahuet asadisfustedgdows, whizh
climinatzcg%hc ggcdd for a mechanical shutter or pulsed light source by allowing pixel signal
readout during an integration period. It should be understood, however, that the
invention is in no way limited to the use of a storage gate or to the exemplary methods of
operation as described herein. For pixel array 250, the integration period for each pixel is
defined by the time period between resetting the respective photosensor 201, 203,
through HDR/AB gate 208 and transferring the photo-charges from the photosensors
201, 203 through the storage gate 212, 214 to a storage region 213, 215. It should be

noted that if a storage gate is not used, the read out operation may involve a rolling

shutter. A method of operating a rolling shutter array is described in U.S. Patent
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optionally the storage gates 212, 214. A reset
transi stor having a gate 207 is |l ocated on a side of
wo b@7/0k4582 i ng di ffusion 210 opposite the phot OBENES2086/031912
201, 203. A source/drain region 206 on a second side
of the reset gate 207 is capable of receiving a supply
i tagerihl . . JVaa. pl X The floajin
Applicd s o st el Al Teidtladf g it porgred
herein bhecfgrhee. 209 of a source fol |l ower transistor 209",
whi ch has a drain 213 coupled to the supply voltage
Vaa. pix . The source follower transistor 209 creates a
(00404 t affes atspind diagHad inkegratiproperidvhfayelsitoscadonr2h203 has

ing di ffusion region 210. A.ro el ect transi stor
ocenrrqd, 384 1RO lera (PardsS RaPCbcimtraef il o Quprgosscnnulation
regionsSAYHE BhBfostidrs 991 C20 ivk SRS 13, 18 i
gonsseI ec?i veolsy réadi ng o%?d %cﬁ]\‘é\@%llvkg@%%% Orgsg.zgla3’62c}l(%u shown in
FIG. 6]4 rwav 8260t a02Y] istmrsdibten’t by BicGimdng afd 2686 banRafry 1250

Lth a preferred | ayout for the pixel array 250, the
(FIG. %%ﬁqwemgfew@ﬁém%w &S} rsgeti gate 28is turhedink, by

. T ' runk 243 includes,the flqat]ng. e
pulsing i ROfr STRL LS B, YR o Bt 0505 fou el g iusion
region 210lr BleRt, tRE REuIAYOl JH( Pulse %h,«aﬁ@@e HRR, ' i
. .. the adjacent rO\;%/.QIESThe IZuelcgnd trunk 24§i,a ]i%gétgﬁgfsﬁ)c% [Fa3l/h1gh o
initiate readiont efia tesorsigha Vj, fiwim thaikel2 AChe leserdRedet) Ana Bample hold reset

i.sol.atiop.reqi (%41, adj acent one of the photosensors

0
(SHR) 5gaals sae alivsBday befoisichs Amnpice evie 4 neussdr ivn™ iyl digwieg the
! 2% . istars. The,secand .trunk. .
wpprop il aliEy R AP Iikog SomebPROPERRRE PG SRR 1250 Mitares
the readuynt wéapixedbiganl ¥} asit fHeclurhAlRFANNRCI) iag,“ Wi
.inter cgﬁlectgs the floati nlz:] di ff'usi on re(gi[a%ﬁﬁgl tgrg%lﬁlgle and
hold pixchsignald§FHY) higle Fouthersigoillproesssing andieatpmrfo2@@4d.on the signals as
. Q45]  Tur ni to FIG 6, an exenplary nethod of
eXPla‘n‘[éig”ér‘%{"icn%ﬁtPLE "xel array 250 is now described with
further reference to FIG 10, a block diagramof a
0047GMOS Tic BBR&EH bE3AY ' ' rray 1200
[ based on exerrpa?}g% ;ﬁgggg@&%%@&%@g g)@é@%‘bg?ﬁ On‘%g#gde%efated for
the nexiogshacant pirekbenskpy that hise shsfagtppdre Rikdixd KT qafu 8o high

. dﬁé ggs ssed above, which elimnates the ne_ed for a
instead qf LRO K ildug Proggistadio ispeast raedyHioghfor sveryaevibin thk laomj B50.

Thus. fd | readout during an integrati eriod. |t
s Bt BB SHEH0EER 4T P i
columns of the array) TX, turns on the even column transfer gates, while an odd transfer
signal TX, (for odd numbered columns of the array) turns on the odd column transfer

gates.

[0048] Turning to FIGS. 7 and 8, a second exemplary embodiment of the invention
is now described. FIG. 7 illustrates a top-down view of a portion of a pixel array 550
constructed in and over a silicon substrate with a pixel layout design in accordance with a
second exemplary embodiment of the present invention. FIG. 8 is a circuit diagram
depicting portions of the exemplary pixel array 550 in electronic schematic forms. In

accordance with the second exemplary embodiment of the invention, the pixel array 550
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invention is in no way limted to the use of a storage
gate or to the exenplary nethods of operation as
waele®cne4serd herein. For pixel array 250, the i nP@€QUSI00€081912
period for each pixel is defined by the tine period
bet ween resetting the respective photosensor 201, 203,
; g[)fe%@ : . transfersjng th .
arcmtcc%%?%g{gﬁar ges f Ir;i%IrlnI%{Z égg %%g%érsl%% B %‘i?h%‘g COMPoAGRLs include

pixel signabreatiotia@npéicht? loZatedlsh i AnéarBt S8 Eink SIS 1 Fithin the area
215. It should be noted that if "a storage gate I s not

betweer & phokescngessl 56Ut 50pe7Ca,i50%. imyaddirian, \FEDR /A Igang 518, 519,

hutter., A net hod of operati arolling shutter array
521, 52 386 s Biriow RixeBak aney 280
DSVDB. 189613Q 1Application No. (I1/xxx,xxx) assigned

(004910 MrifnsFReRTobgys, dbfipidflal PRALROE ALY uglgggﬂ 58% 507,

reference. [0046] It 1s assune ein

508’ hayiegiandséauiatghgite SO5s 608, 207, 5@3Amastcacd§¢%ﬁ%f @t of AR gates
rat ed charges have been transferred from charge

e
505, SOECQ O s prclrabhotisn snglhwithirospssets tresplRBhser268 204, 502,
' orage .reqgi,ons 21 215. As shown . in FIG
503, S04 85 BEAA VELRSCr 0P8 SRR IR st Binds s,
506, 502808 6AtHiObmBbARM dtlaYe be; ) LL] ;
) ) h’insgt% r ow serlnect Si gt na? R%% Slegtlec% g%cgtang%%gﬁggﬁbflug% gd]acent
pixels intagrapiéd 0o rEorteyamples ianghdwe iREBG! 7 sicindh ddgacBh@photehéiBrs 501,
creates a reset conditiop for the floating diffusion

541 may daro e asiqudiansistaieats v thhy twpsbiusstatedpixalsdhnying
' | high.to initiate.readout
photose Al BOL 558 pGSH L 20l MghE A GabEB o
circuit. t thisaditib S FRine hAoheb F ' ixcd |
m Il{gﬁvﬁg)et%%re the transfer g@fgﬁ;;é%ﬁ@mﬁgﬁgﬂégpgrﬁf‘osgégo\f?@o:h

502 sharipg ¢ firsy flondng diffuspm wageort 520 shérwgade aljgeat pHotdsensors 503,
OIet | rregt er.eaf circuitry 1250 initiates

S r, control

504 shar%a sesohd floagng &ﬁ%ﬁlw regl%gﬂO.V?ﬁth 19 Aopsinggliffision regions
510, 520McRUcehiNe 220 ok ¢ an %ﬁrl q pixe!

> signal ( e con 8ﬁ¥ 5 ol E?Oé@%n%@@g bg et Ry doped
region irperefsabsrette pmd teears igddhdatmabishviiad ghif 81 16k akdired
& bel ow. [ 0047] It shoul d be understood that the steps

rough pstechist mtersanigssion Hkd . r Bpeatreplé,ahe ehetritakintadpasestion 515
' - t that the t f ' | f t hi i xel

may be %g%ﬁggresg @%%ﬁaUOnelaycrraa%%vg the éu%?a%e of (t)lge pixlelsarlpalyXSGSO. The
dual conversion gain gate 511 (not shown in FIG. 8) may also serve as an electrode for a
capacitor C (FIG. 8). Capacitor C serves to increase the charge storage capacity of the

connected floating diffusion regions 510, 520.

[0050] As shown in FIG. 8, storage gates 552 (FIG. 8) can also be implemented
with this second exemplary embodiment similar to those described above. Although not
shown on every pixel in array 550 in FIG. 7 for purposes of simplicity, dashed line 552
represents the location of a storage gate, if desired. Each photosensor 501, 502, 503, 504
could have a storage gate located between the photosensor 501, 502, 503, 504 and the
associated transfer gate 505, 506, 507, 508. As described above, storage gates, such as
storage gate 552, permits the readout from pixels in array 550 during an integration period
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instead of TXO This process also repeats row by-row
for every rowin the array 250. Thus, for every other
w@roogl24sensor in a row an even transfer signal PCT/082006/031912
even nunbered columms of the array) TXO0 turns on the
even colum transfer gates, while an odd transfer
f 234 e col s of .the array
or an SRRk PprstSlon S8, BRERUERRRs b Red! fromeaBphiRt g o
pulsed lightdoaces/ and 8, a second exenpl ary enbodi nent of the
invention is now described. FIG 7 illustrates a
top-down view of a portion of a pixel array 550
[005kbnst Pmetresst itransipigr Sa7 havieglai gaon5 b2 bsttiladed foi tdsegting charges at
ixel ..Layout desi [ ccordanc Lth a second
both AR GBS AR AN, D10 HE ket et ot 5K s 8
source /d¥aif rebiont 13 Haf '@ IeGLdE I f t .
/exerrpl %roy pi erHa arr%aggquléén ei%gts§%@?30§%eeggwir‘cThc femamning
readoutfagmmondmns an clos dank & 5Wi shardden66€ BRE AR 50, 502, 503, 504
. enbodi ment of the invention, the pixel array 550 13
include pspprcefolgwantrangissar hoing rgatnsl4 desnettagato diataatipgafiffusion
: h®e o] nents.. The shared conponents inc)ude pixel )
regions BY°426IRENERN SlesiouRitbs ofiehcon 6. Bolation gions 530 in
the subdtiateard ileHaB didMte eht! Ak RSk &} &lﬂﬁ( yEen
four phot osensors §01, 502, %#S%IDE%A nggaggrlot%?(t%?
photosehpRs AB1dyals@ sobt8thehihdividhizil cha? adewemalaién $68b88 oPPhotosensors

0 pLxels in array 550. [0049] As illustrated in
501, 50&1 @38%;5({38% pRsarothgs Any kagendpolatiemtichnisuessiyding but not

limi ' 7 'L BAvi an _associ gt ed gate, 505, 506, .
red Bl rengh a0 LB R GReBafindPrting tetan sosons 520,
' 506, 507, 508 is preferably at an angle with respect

[0052(]o t MEhepfoot-orgaard el lay2fid deRQibed Hofei A UNZRAMCL Pas a first pair
FIG, 7. It should be noted that the transfer
of column-gejgrentpixgdahedns 06pe8dE, plE0TsensOB 56, 502 $FB@LhDYamEAkecond
each anong two col um ad%acent

. bei har ed
pair of cglfu)e{%ﬁl ?dﬁgcr%r argﬁs hayng p@pe@yg@}c@gseggorg R8&n 504 sikmg gne set of

hacent r .41 may share the )
readout SR, S A RIS S I A i

this exerpplesf smbhdirharg, fihevesaser solafih ofdikeld@r#%50. NVEYEN (wo
I %ﬁre a floatjng diffusion region or readout circuit.
column-gpeiagent pixqly wilbbhsrguratiellheesdtomso thwsaan ot line 580t nearly

the saméqﬁfﬂepgnf Bt o rse(s?gcsc%%es 815g(r)1%fs need to be separately handled in order to
maintain maximum resolution for the pixel array 550. As shown in FIG. 8, this means that
each column output line 580 utilizes two sets of sample and hoid capacitors 715, 716 (four
capacitors total). A switch 712, activated by an in_sel signal (FIG. 9) is utilized to
determine whether the incoming signal should go to the first set of capacitors 715 or the
second set of capacitors 716). The two pixels that readout signals onto column line 580
do not share the same read out circuitry (such as row select transistor 516), but rather, they
share the same transfer gate signal, such as signal TX_EVEN <1> (FIG. 8). The remaining
control circuitry (discussed in detail below with reference to FIG. 10) produces a
differential signal, for each pixel, from the signals stored in the sets of capacitors 715, 716,
which is then output for further processing.
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502 sharing a first floating diffusion region 520 and

two row adj acent photosensors 503, 504 sharing a
w@emomnehssl oat i ng di ffusion region 510. The tworPET/0810061¢31912

di ffusion regions 510, 520 are electrically connected

to one another, either by conductive trace or a doped

[0053 Qi OEadHHrbﬁ/ g%a&é §g§15f§1%2‘d1é 539 lé‘éﬁ%rﬁgat od d‘ﬂﬁnad overlaps

conversion galn Sifed
corners eif glour bdjakentpietls.oBRaaplaBNHIIR / ABOgate %2 Bné R)ca&i&%etwecn a first
elegirlcal I nterconnection 515 may be forned in
pair of gop adjagest ;E’IhIOtQS&tl{SQfﬁ S0y %41 abolosvdrivelge idlamme] mﬁecbhé pair of row

: ad;accnf%ﬁc?l! r%p%v-l&-nqg)vglﬁg]]g, ajggolgl\éa%gs ]@Cénggclngngrgi g@ﬁ%é@@d at the
NS St e W e

edge 57f1| afahe dDH® AR gatens i@gicong aﬁh@glé@ﬁere[ P9RBlscAs vﬁﬁloé’%{@h of the
storage gates 552 IG 8) can also

photoscpfﬁﬂs éﬁ; géa st shatedh pkovee thip angl)eé@bam}ryem’@ndnmrﬂle fill factor for

e oS L0 00 R IR B S08 B o i e
side to anlﬂﬁﬁi tegidry 528 asM8ddlalNe 52@}3{ tEdld&% oé&él fpp OVé)ltagC

a storage gate, if desired. Each Ot 0SENS!
Veapiv: SO Fhatsde HEMR dABapaee 518 tar degén gﬁdeSs tiegatLavhatyaanet he

50 502, 503, 504 and the associ at ed
photose spgﬁg?@? gfgiﬂt% t%@gralrswlo% 517}'8 5dg addigiage g&(hcntaemfﬁdpmezoltage is
a toya e 552, pernmits the
R I T N R

reado

photoseymeirs MOdléteBSdMB&“iﬁﬂe 6.,580, 8b9r 5@ sepoci at ed
phot osensor 501, and i't elimnates the need for
ul sed i ght sources. [0051]

chani cal shutters or
[00543: 12 8B CXERPIEY reghods QEOpttraung ghapiyal &181250,Storage gate (SG)
f h fl
and higttiia e Gl (BTG it deddnoprar SalePalironshont deafishe rows in
a pixel a@@t 8501 A0 Bie@rr2Q4H E@xllgd rQ:aEl? %@%‘e éﬁgtotsa?shjés égﬁh%’]?@ 502,

rece|V|ng a sup tage

503, 504)ém$0fwt eopeingths photdsbesdr thiaghbthe S8RV ATINA/AB gates 518,
519, 52 gﬁ? nsors 501, 502, 503, 504 |nclude a source
1 PPonbie Htsgarieh Simendsrigr eachaefrhs pixadowhen tiedchiangéshe

I i 520, and a row sel ect
sencrarchif 4! O OHLLURL 80 1) s 830,520 anc o row el ect
through a storagc gate 552. If a storage gate 552 is utilized with the i invention, pixel

readout can occur during a next integration time for the array 550, as the charges from a

previous integration time are stored in a storage region 553,

[0055] The steps for pixel readout will now be described. It should be noted that
the transfer gate signal lines TX_ODD, TX_EVEN, shown in FIGS. 8 and 9, use
nomenclature where ODD or EVEN represent the odd or even pixel columns in an array.

Further, the nomenclature Row,, is used to designate row number “xxx” of the array.

[0056] With reference to FIG. 9, for a row Row,, of the array 550 containing

photosensors 502, 504, a row select transistor 516 is activated by turning a row select
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the substrate are utilized to isolate the active areas
on the trunk 551 fromthe photosensors, and al so

w0 swar4s81 he i ndi vi dual charge accumul ati on r eRCDNS2006/031912
phot osensors 501, 502, 503, 504 from one another. Any
known isol ation technique, including but not Iimted

: hal | i sol atj.en. (STl .be used en ., .

signal (RS) 38, UL EER daPrEPlatr ehon 5TV rBed Sned iy Sctivaring

reset gafdBI B Githi et slgdMPHEscde2CE A hFcrg‘?és@nﬁhé V_Ii'fé Enﬁgf Y&l dleion is read
has a first pair of colunn- adfacent pixels having

out ontp gsjvean live 580 dyostinstiig sahfile ab Roldteset sTgnASHR. TedAsel

i omial air, of colu adj acept pi xel s having respective

signal, deRAREaARORE S FOB’GQH%’Baﬁ‘?ﬁ%gC ghthesignad intoeertoof the two sets of

sample &ld B G Yacicbid$15 &1 ak]%fe@' V@? }ﬁ%’ﬁtjﬁ gdr%‘}g%g?%ﬁkgwoz this same

necessary, In accor
sequence RifedpsBepedted, QY tht B ahteni rRxel r
550. Rs sul::%, two co unn-ﬁgrél)]@acent “g{ciégltgm\/\ﬁlrlca{géﬂ&a) and
sample anslfudd rpser (§HRe aiprabt igh fier 5smwend uowRow |, 1238 dait a signal onto
the col nea@rll%/ g(lgg same time,. .and_ their rpgl?)pect ive signals
© colupibling B8 Eorsupsartandjtiomatin sxrond Rhicgesentey 6RA i it adjacent row.
This i ' r [ e pi reay 550, As _ghown,.
o R0, A A LR 60 s e Sprenc o

the two sdrhplezad Hold caeickoptets ZNB] E1@nd hol d capacitors 715,
716 (four capacitors tot a1). A switch 712, activated

y ap_in_sel signal (FIG 9) is utilized to determ ne
[005731n et MERGIEARsiITHENNg (T gnialtumied up digly toactivmefthe stersedlumn

transter 3 BBRELCEPR06 [ Rub aclole HPER0 S enegrur 6 fhe Stnasarea 553
are thus ltaRsfe 8 thlduBAtthe RANSFt REnSABE 5 ﬁ@‘gigiixt@ gbﬂtoﬁtiég h%eiﬁfﬁs\{?rh re%gion 510

_ (such as row select transistor 51
and simibislrfer theechssgrs genansédby gho®-singtral602suahe agxSiENS turning
Fl 8). The remaining control circuitry

. T%g BVEN <%>1?(¥ _ |

on” trapyfrgafe 008 iNeetosifoBel> dwpivil valtags vged db, isorerd @ntd die
diff ial,signal. f h pixel,. f

coumn BROGHGEP ofriinpHEbYAcicE! Bisror S FARHERY SptnimpiRyand

hold SHERigahlsits HigienTaitipdbné hilk Whe RELIRILEERS .
DNOR. 1896230, 1[0053] Each KON AB gate 308 %oupdr therpset signal

V., for Rmmiigngtré).,eé.dlpam@t ddmamplendapdd capacaoes 0I5, Fl@with the pixel
signal Vg SASER it s Bope TR0 (s g apdeenple et ladsianas band SHS
return tootbv. AorREQUE ﬁﬁ&%o@tg%c ?i@ﬂalavsg SO0 123 cr)utoxfcpgzgt\{vng the pulsing
of row select (RS) and sample and hold signals (SHS). From floating diffusion region 610,
a signal is generated by source follower transistor gate 614, through row select transistor
616 and onto the column line 580. During this readout, however, the in_sel signal is
returned to high to store the signal from Row,,, into the appropriate set of capacitors 715,

716.
[0058] This exemplary method is performed simultaneously for every other column

in a row, utilizing the alternative transfer gate signal TX_odd to activate transfer transistor
gates in odd columns of the array. The method is repeated in this sequence for each pair of

rows (Rowyg, and Row,,) until signals are read out for each pixel in array 550. It should
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adj acent photosensors (not shown), which are in an
adj acent row, and are |ocated at the sanme position of
W0 b@7BBRSAB gate 518 on an upper edge 562. Pr eP€r/aki096/031912
at | east one edge 571 of the HDR/ AB gate is | ocated at
an angle where it intersects with each of the
. be und@b@bd: e, this angl ed. ..
P e Aeue eanf T b iy eiFock Oh, ARESF jpvention is
in no way lmjtcH30.thEachhtiDBF ARdoat 6p&h8on 23 descBibdd Haga, has a
connection at one side to a drain region 528. This

rai ion 528 is _connected to a pixel supply
[Oos?cjm t g%ﬁ%'e@a'ﬁﬁﬁ%t%a bipckirhiagrameofDRIXABIT& €CHTIS asger 1300
i ' rges._a from dj e photosensors 501,
having EHRETAEERD GIAE REI BT i SRE e FidrocRE embodiments
describegidtioive] @itel ¥@hi 2060 | ' i B.93t e3
; #3000 Consiel | iy bPEERTAROTIER,

518, 519, 521,522, the gate
predetershised samder of sebomisatretrawsenenslidwie). gAtadRY, 10302 arraP 3200 is

. 504..10Q54] In an exenplary nmethod of operating the
signal prgcessing,qiy @é%ﬁ&r@ﬁég‘@r@at # lesscparirod vihigh ndyrtenfoemed in the
bstraté.@ 4 i r at | ob t hr oughout )
substratt TTHE phidRD B8 FoR 81957 4208, Fuy G S el pghof rows in
the arrayp20@cbyf Ofovesdlbctlinet bR MNALRSES U el SHEN 2
503, 504) begins b; resetting the tglhcot os&@gﬁﬁgﬁggg’ﬁls of
cach colyma 3rg spleety HDRL AR repptesvescbBymb k6lecBlzdes. %glurilt? of row and
ends for each of the pixels when the

l.-ntegration tiLnme
column |36 Bt L Ghe FASita b b cRoFav Bogs asoplecody activated
b e b [ egi 3 through a
yare stor aggltg)ai? 2&%%5@% ltogv g?%llrcgsécg&ég?rep%%g ?gc PR g‘gea lines
are selecuively hctivaecd by e nbhuem deierel 260eiRdR o8 o 05kn E&'&tjcgsgdc%oder
jpext integration time for the array 550, as the
1270. Thnsr e and ekinyt addrssssis provadgdhfor oaclt pixel.are stored in

a storage region 553. [0055] The steps for pixel
It should be noted that

0 ead ' : scribed. t ha
[0060] PECTHE CHIDs BeP S0 S ShetRisd brehEmringoevEmtrol st 1250,
which coinrold £Rires8 RBEdEs 1930, POFERG i ar. EVE
, represent the odd or even pi ng{ee{élg% Eﬁﬁbﬁisp%réﬁg%mﬁ?w&fﬁ column
lines for pixek seadout: hBhaormenall citcuirel 2BOvatsecihttisiethe DvwERSd BHRES driver
o n r "xxx" of the array. [0056] Wth reference
circuitry 310, %?“CP&FM thesrArRIngeiTingsvoltagesiorthy A58 transistors of the
lected RNLRd B 08NS 2. 504, a row select, )
selected (oMM OO HR? SRS o mp e R P isiacbise @ pxcl
reset signal (V,,;) and a pixel image signal (V.

sig

), are read by a sample and hold circuit 1265
associated with the column device 1260. A differential signal (V,, — V) is produced by
differential amplifier 1267 for each pixel which is digitized by analog to digital converter
1275 (ADC). The analog to digital converter 1275 supplies the digitized pixel signals to

an image processor 1280 which forms a digital image.

[0061] FIG. 11 shows a processor system 1308, which includes an imager 1300
constructed in accordance with an embodiment of the invention. The processor system
1308 may be part of a digital camera or other imaging system. The imager 1300 may

receive control or other data from system 1308. System 1308 includes a processor 1302
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16 DSMDB 896130. 1si gnal (RS) high. A reset of the
floating diffusion region 510 is perforned by
W@ei7eats8ng reset gate 512 with reset signal ReSEUS2006/031912
signal Vrst representing the reset condition is read
out onto colum |ine 580 by activating sanple and hol d
i ' : Thepiesel signal, .described. above, ..
having £ B8R o (G O &5 amg BRE vt hebinope iodling

operatidiise Thwpsrtsopl 302 Fphen @ tRPWHhGARBEL HOFiSes ¢
éFIG. 8). Next, for a next row, RomOOZH?%§§(é§ﬂ%%$§lso4'

s ePnBReapd to ther bypebd GHprdvidandorgmithia B0 @MY 4t Sut of
Q cect. (RS), reset, (Reset) and sanple and hold
the systélgge@?(, gﬁ@égﬁ/gﬁmg (ﬁ/@ﬁ %ﬁa}ceé@é@@ﬁdm@r R ez such
a6o S| ; | Line for. a reset
.Commuﬁci%ondi I?F!%}?@%% gﬁgc'é‘ ggﬁ Qspé]o ()cgtgerc]igtg)Pthg I il%%%prgg]dgl@éqﬁlory, for
instancey @wanddrhSictdsnenfERAM ) 1 580 io@.a_%@fno%lﬂ@?ﬁerﬁé f?ll'ﬁ
-causing the signal to be stored in a different of the

006 WO gﬁgyle and hol d capacitor sets 715, 716. [0057]
[C xt , LB prosgssesancsdeyices dpsasibed above ilhmadtetprefingd, methods and

: L3 | f i
typical dREick BF b e SRR WA EETRhed o The brer diorngen and
drawingg fiRBtraf3erAb&dintings, WS ];l&ﬁév%dthtc tUé) #2?41 flAiGrek ! ar&;{&éﬁlﬁges of the

transi stor 506" i ? usion 1%

Some o

] S into a floating
present gentsomi Frovwayef,at istrfoe iicdeadgd sh-gehe E?ds@ﬁ’t B¥ention be strictly limited
to the t?ho%§%SGQS rs, 602 in the next row by turning "on"
APEHEPER ifg?%d trated embgdimepepnOfir cxampfs, aEhowgh tag@vention
is di ' | OLel ead..onto the colu | ine 580 hy .
discus S AL R B c SR B ey PafiBh 8oy 98 doprigngs S
componamnhBayptierane ihohds I o i ' L3 ¢l one
whil e ?ﬁe in_sel g?gnalgﬁgﬁ?g&ég%g?ﬁg%q?ﬁé'Fgge%engnnthc
scope of gheyenyypat AdghitieiipOdnyi modiftcatieds, whough preS@itlyoiinforeseeable, of
the n%é%%%%;e and, hol d ca gﬁétors,715, 716 with the pixe
preselit Sventign; thatcome B kst eropTIes thofolostieg tlainsishould
be consi&ég@gﬁr%_ggk&cﬁé @P&l o> and SHS return to |ow. For
RoW)02, a pixel voltage signal Vsig is now read out
repeati ng the pul sing of row select (RS) and sanple
and hold signals (SHS). Fromfloating diffusion region
610, a signal is generated by source foll ower
transi stor gate 614, through row select transistor 616
and onto the colum line 580. During this readout,
however, the in_sel signal is returned to high to
store the signal from ROWO02 into the appropriate set
of capacitors 715,
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716. [0058] This exenplary nethod is perforned
si mul taneously for every other columm in a row,
wa@iiozioz458) the alternative transfer gate signaPCITKSO6031912

to activate transfer transistor gates in odd col ums

of the array. The nethod is repeated in this sequence

for each pair of rows (RQ§§§@4 nd RoW)02) unti

signals are read out for Sixel in array 550. It

shoul d 17 DSMDB. 1896130. 1be understood that these

st it of r

e IR sy EXE IRt R RORE ey LB AR of the
UnitedrSeatdoist operation as descri bed herein. [0059] FIG 10

illustrates a bl ock diagram of an exenplary CMOS

i mpger 1300 having a, pixel array 1200 bei ng

cohst AURYE driay coEEyiIsEgIce with one of the enbodi ments

descri bed above. Pixel array 1200 conprises a

pl ura] i ' redet er mi ned,.nunmber
of col Bt eRaREREl ToPLERRRS, LiheBo B ERRR g BRLCL T oy
1200 lightsi gnal processing circuitry, as described
herein, at |east part of which nmay be fornmed in the
substrate. The pixels of each rowin array 1200,

and/ ok segppd photpssnpinder genaratingaargofn respensatat he
array 1200,. by a row select line, are all turned on at
t he §§W§68w§£¥dﬁﬁfthe pi xel s of each colum are

sel ectively output by respective colum select |ines.
A Pl U8 didd/ s@bnb MR A i e faRESLIBE iRl OV ded T or
the entire array 1200. The row |l ines are Selectively
act i (ATHIRNARY )rtvamstitary erspd@ivelyi coupbshongs: first 4ralv
address decoder 1220. The columm select lines are

sel ec‘f‘w%?%ﬂ Pipgensarspr drayingfhc gengiaredigduogisn

d 270. Th .
res pg;g?& ﬁ'(?mg:glrz g;ﬂsgtcl?sgg%)%? 5 fegoder, a.raélﬁ r%ﬁlglgf s’,.alc? Or oW

and um-. a rovide or ea 060]

The GMBistdr#RTink30&MMoANEDR LUB Lt he tining and
control circuit 1250, which controls address decoders
1220, 1270 for selecting the appropriate row and
colum lines for pixel readout. The control circuit
t.he, row and,c river circuitry

1250 .al so. I
120, PASBHECHER PRt e By e heveromibes. 1o
the %de@séﬁéﬂ%ﬁréir%ﬁrs@?o&r%?ﬂ?@Bﬁ%ed row and col um

lines. The pixel columm signals ich typically
i ncl ude a pi xel

3. 'The pixel array of claim 1, wherein the first and the second
photosensors share a common readout circuit for reading out
signals representing an amount of charge transferred from the

first and the second photosensors.

4. The pixel array of claim 3, wherein the readout circuit
comprises at least first and second transistors located in a first

active area for transferring said charge from the photosensors
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reset signal (V,.) and a pixel imge signal (Vsig),
are read by a sanple and hold circuit 1265 associ at ed
wWOwRan/024582 col um devi ce 1260. A differential sPgrEb2008/031912
- Vsig) is produced by differential anplifier 1267 for
each pixel which is digitized by analog to digita
converter 7 / . o] : erter
1275”%%%3?%%§%f%§5§%%| $§g§§%%§g¥l%?%EgPée%gggﬁxinage
pr Ocﬁﬁ'%@hcﬂlgﬁg s¥ili seghalsOinBsedotd gétlvalaredrage. [0061]
FIG 1T shows a processor system 1308, which includes
an i mager 1300 constructed in accordance with an
enbodi ment of the invention. The processor system 1308

st Bfe Bl afreesledh b S nER T IR Pou SR oris T8 08 e
or ocseear S AR T oy Sl EREu Rl

pr ocesgicagduni, bné alRbbhetor i mage processing, or other
i mage handl i ng operations. The processor 1302

conmmuni cates with vari ous devices over a bus 1304.
Some of the devices connected to the bus 1304 provide

. . . . h _
Rputrogrsteiy Peyil SibaBb iR R R Rl
SUChSRHITYRT A PIRR sERYEE BEnsisebRebr BaMiRMLADect ed to
the bus 1304 provide nenory, for instance, a random

acceglsargenmoran iiRAMecdi@4 Stavageanodenpvabl e nenory 1315.
[0062] The processes and devi ces descri bed above
illustrate preferred nethods and typical devices of
many that could be used and produced. The above
desci,pt.i A ' ' whi ch
e e S A R T
pr es gahsfeny aiiston foHawmsfatingishid changds fiorheaded t hat
the present invention be strictly limted to the
abovEtersaediath stpragrinedle e camarpreAoptngdiusionFor

exanpl e, although the invention is discussed only wth
refe‘%ﬂ%ﬁ to pixel arrays having a 2-way or 4-way
sharing of conponent parts, other nulti-way sharing

pi xel arrays are also intended to be within the scope
of the invention. Additionally, any nodifications,

t hough presently unforeseeable, of the present

i Bveihe pirel heray obeleinnids Whareimehesgiledst oandirseage of the

follomﬁng clai ns shoul.d
second transistors comprises a transfer gate.

9. The pixel array of claim 1, further comprising:

a third and a fourth photosensor for generating respective

charges in response to applied light; and

third and fourth HDR /AB transistors respectively coupled to
the third and fourth photosensors for draining the generated

charges away from the third and fourth photosensors to said
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be considered part of the present invention. 19

DSVDB. 189 6 130. 1CLAI M5 What is cl ai nred as new and
waele®rns@sl o be protected by Letters Patent of PEEUS2006/031912

United States is: 1. A pixel array conprising: a first

phot osensor for generating charge in response to

applied light; a second photosensor generati ng
char g@mMROoR ssip Heslonsaigh BuF éln‘f?%{;h Eﬁhg‘/ st and
second hi gh dynam ¢ r.an [ ofalts! ("HDR/ AB")
tran§?§?8&§s c?ﬁﬁ%%ﬁ@@fgséggéﬁggbggﬁ%%%ffirst and the
second phot osensors for draining the generated charges
away fromthe photosensors to a comon drain region,
said transistors having a cormmon HDR/ AB gate. 2. The
pl&el The pixyl ofaycdfailami9, whereisi at ledse twp o thafuut he
secon photoseggors are in a first row of t?ﬁ array.

3. THRRGPXESOESARY TR ASIFARPESIPIEE 1 st and
A Phar _ _and
the S&&x%@&gﬂ%%@ﬁ%%%ﬁ%&éd é@ﬁg@s R &ﬂgg{g{ag dieRdRHL circuit

for readin S representing an anmount of
charg&gtdrﬁnsferred fromthe first and the second
phot osensors. 4. The pixel array of claim3, wherein
the readout circuit conprises at |least first and
second transistors located in a first active area for

H ANSTRL LHAP. G S SHAT 96, 1haUd R RNABRTASES 20
transistor gate is located at a side of the at least two

photosensors opposite the common HDR/AB gate.

12. The pixel array of claim 9, wherein the first and the second
photosensors are row adjacent photosensors in a first row of

the array.

13. The pixel array of claim 12, wherein the third and the fourth
photosensors are row adjacent photosensors in a second row of

the array.

14. The pixel array of claim 9, wherein the first, second, third, and
fourth photosensors are associated with a respective first,

second, third, and fourth readout circuit.

15. A pixel array comprising a plurality of pixel cells, arranged in a

plurality of rows and columns, wherein a first row comprises:
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DSVDB. 1896130. 1and at | east one third transi stor

| ocated in a second active area for generating said
wWGer@nmb4s8i n a second active area. 5. The pi xel PEr/Us2000631912

claim4, wherein the first active area and the second

active area are isolated physically from but

electrically connected to, one another. 6. The pixel

ar r aya pikekpai pomprisihg tep pixcheclly crdpeampiising aand

second transistprs co Llﬁf torage transi stors for

S% gelis

t r anSPRAPFTIOL4Ne TEAR § IPRYREUPEFe storage
node. | .array of claim®6, further
Frpdiheplt s

corrprc|05| ‘'second transfer transistors for
transferring said charges fromsaid internedi ate

st or ageopggtendde for swaimgchalgatgengradid byigieon regi on. 8.
The pixel array of claim4, wherein the at | east one
fir stphatesawseshd transi stors conprises a transfer
gate. 9. The pixel array of claim1l, further

conprising. a.third . ournt .
gener%\fﬁsﬁg&?%sslsﬁg%{qr\f%%g%% g%hecs&} ngé)gtg%lg%g%ﬁg%négél i ed
light; and third and fourth HDR/ AB transistors

r espegtieasebyic ¢RuBk©E féi0reh i@ gl diitravabindfibdeuhie Rtorage
phot osensors for draining tﬁe gener ated charges away
fromnéde;tahdrd and fourth photosensors to said 21
DSVDB. 1896130. 1common drain region, said third and

gat o S PR/ 18 Srectioply copSests] RPUR P EROR eac
two of LA&idkqyf dif%%}?hgéﬁﬂ%% SwHNEbA theHBIBRNLSARET er

transi stor gate
a drain region on a second side of the HDR/AB gate.

16. The pixel array of claim 15, further comprising first and second
storage gates for transferring charges from the photosensors to

first and second intermediate storage nodes.

17. ‘The pixel array of claim 16, further comprising at least one
transfer transistor gate for transferring charges from the

intermediate storage nodes to the storage node.

18. The pixel array of claim 15, wherein the drain region is a drain

region for a reset transistor of a second row.

19. The pixel array of claim 15, wherein the storage node is

adjacent the photosensors on a side opposite the HDR/AB
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transferring said generated charges to a floating

diffusion region. 11. The pixel array of claim 10,
wob@re24381 he common transfer transi stor gate iBCT/OSADE1912

at a side of the at | east two photosensors opposite

the common HDR/ AB gate. 12. The pixel array of claim

9, wherein the first and the second photosensors are

row aBijtdcent photosensors in a first row of the array.

13. The pixel array of claim 12, wherein the third and

the fourdi photosensors are row adjacent photosensors

in a second row of the array. 14. The pixel array of

chai nTHe piehEhy of BlRirh 1D$ivhe®at MMasttalpdréionasfdhé our t h
phot osensors are associated with a respective first,

secontDRK{ABdgate avlotated ahan englonvitle respe¢tito the firsk pi xel
array c riging a plurality of pixel cells, arranged
in a ﬁrﬁggpp WG gﬁgﬁand col urms, wherein a first
row conprises: 22 DSMDB. 1896130. 1a pi xel pair
conprising two pixel cells, each conprising a

phot osensor, the two pixel cells sharing comobn pixe
cdhpoihapixel aehy df dgim a5stvheriretioHO R gABsgane s
charges generated by the photosensors; a reset

t r anstle¢tpde of a exRasitef-ng the charge at the storage
node; at |east one transistor for reading out a val ue
fromthe storage node; and

22. The pixel array of claim 21, wherein the capacitor is electrically

connected to an adjacent pixel pair.

23. An array of pixel cells comprising:

a plurality of pixels arranged into rows and columns, the

plurality including:

first, second, third, and fourth pixels having respective first,
second third and fourth photosensors for generating photo-

charges;

first, second, third, and fourth HDR /AB transistors for
draining excess photo-charges from the first, second, third, and

fourth photosensors into a drain region;

a common storage node for storing the generated photo-

charges; and
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a HDR/ AB gate electrically connected to the

phot osensors on a first side for draining charges away
WO p@m024362 phot osensors to a drain regi on on a BEDUSH06/031912

side of the HDR/ AB gate. 16. The pixel array of claim

15, further conprising first and second storage gates

for trgnsferring charges framthe photosensors to
f 1 r st AIARIC SBE SAEIROR BRRNEPEY 167 gg)éltﬁtf&%??frf’in The

pi xel yard3ym8h sfdr 38e récg;féstegﬁﬁg %B'EPJ ng at |east

one transter tran St or tran errl ng charges

from ghiericed phaﬁﬂtmxgegsbmroaeg@olﬁﬁﬂﬁlmd o the storage
node. 18. The pixel array of claim 15, wherein the

drain region is a drain region for a reset transistor
of a second row. 19. The pixel array of claim 15,
wherein the storage node is adjacent t he phot osensors
op,a si.de. opposit the B 23 DSMDB.1896130. 1gat e.
o0 rib® BrSLRAE) DT 23 K thRs SOmpreiE e cstdi s
porti Qﬂmpfanaiﬂ&uﬂﬂ@&o&\ﬁg@%&t@s for rkQreatiRly ahndBrrAfpgl e Wi th

respect to the first and second photosensors. 21. The
pi xel gararatyd chargeafnond the firsig sedomd;, bleirdiDRAMBught € i s an
el ectrode of a .capacitor, 22. The pixel array of claim
21, mﬁlé?t@F‘?{lsPﬁénE‘hbéisPFﬁfvc SEOr@peEtFiPRal |y connected to
an adj acent pixel pair. 23. An array of pixel cells
conprising: a plurality of pixels arranged into rows
and colums, the plurality including:

25. The pixel array of claim 24, further comprising a respective

first, second, third, and fourth transfer transistor for
respectively transferring charges from the respective first,
second, third, and fourth storage regions into the common

storage node.

26. The pixel array of claim 23, further comprising a readout
circuit that includes at least two sets of capacitors for storing

signals output on the column line.

27. The pixel array of claim 25, further comprising a switch for
directing a first signal into a first set of capacitors and a second

signal into a second set of capacitors.

28. An imager comprising:

an array of pixels comprising:
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first, second, third, and fourth pixels having

respective first, second third and fourth photosensors
wo 2007981562 at i ng photo - charges; first, secondPCT/i52006/031912

and fourth HDR/ AB transi stors for draining excess

photo -charges fromthe first, second, third, and

fourt hot osensors.into a drain.region;,a co n
st or ag‘@gﬁ% secppf PLycly Byg ﬁéesé’gﬁé‘fﬁé%éba%ﬁ%ﬁ ar ges;

and gé%%%@ﬁo&%%gé&a gﬁ%%tug ge%gsﬁgymg&,ﬁiéasi stor

for ng out a“signa onmmon orage node
r epr eBglitt i an anount of generated photo-charges onto
a colum line. 24. The pixel array of claim 23,

further conprisigﬁ;irst, second, third, and fourth

st or ast grd wsond APEyEEE tiapsistprs reaprstigelyicayplgditer at ed
charggs fromthe firs second hird,. and fourth

phot o‘gléa’ns%traglc% tﬁFgecé)I}({e%%%tgf‘?Vgtsst(f)ﬁfiﬁad@ng fon. 25. The
pi xel g@fcka¥d ehargtfdiy2Rom tetdiRio RIS kSLRY

respe%tive firgg, segind, third,oand fourti t?%nsfer
t r ansdstmoregfaor, sasidspesisiore hyvihganehenon HDRYABEse.f r om
di e respective first, second, third, and fourth
storage regions into the common storage node. 26. The
pi xel array of claim 23, further conprising a readout

Chd CUA i I f _capacitors
19U s L, e bR, AL e o
]pi xel thd @y olirtdl kel 25mplisinghespecerdiis 401 RusiM t ch
or
HDR/AB transistors for respective third and fourth
photosensors, the third and fourth HDR /AB transistors also

sharing said common HDR /AB gate.

30. The imager of claim 28, wherein the imager is a CMOS imager
and the pixel cells are CMOS pixel cells.

31. The imager of claim 28, further comprising a circuit for
applying an operating signal to the common HDR/AB gate to

control the draining of the charges.

32. The imager of claim 31, wherein the circuit is constructed to
apply a global operating signal to each of a plurality of
HDR/AB gates in the array.

33. A processing system comprising:
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directing a first signal into a first set of
capacitors and a second signal into a second set of
W@ 2apao4582r s. 28. An inmager conprising: an arrapCois2006/031912
pi xel s conprising: 25 DSMDB. 1896130. 1first and second
pi xel s having a respective first and second

phot o ggﬁg for, generating charge in response to
appl i§e |%S%tr’;a%éind first and second HDR/ AB transistors

respectively coupled to the first and the second

phot aseinsqics coipridingiani eyl dTHigdsehabady 6hpkaRs avay
fromthe photosensors to a common drain region, said

t r ansionppmsingiavi ng a common HDR/ ABgate. 29. The i mager
of claim 28, wherein the array further conprises:

t hi d t i xels. | Si ti third
and TB0 T HORPES R bREDF e BEpBLe6@d i 10 anc
f t ird. AB
B A ey

The ilighgeandf cl aim 28, wherein the inager is a CMOS
i mger and the pixel cells are CMOS pixel cells. 31.

The i r.of _claim28, further conprising a circuit
for éﬁﬁﬁ%@@%@w@@ eingpeatedtag atfirst &i‘gmﬁotheHDR/ AB

ate r.al r.ainin f the. charges. 32. The
igrmgeﬁr'r &oaﬁl%aei%fcnc @Jl}fp @%tg?cé]lsﬂ%tfﬁédf%i CEsnEaitst r uct ed
to apphiges a%&ﬁ@lm ﬁ&eﬁ@tb%sék%ai diath Fc%‘?(;h 8f 22

plurality of HDR/ AB gates in the array.
second side of the gate.

34. The processing system of claim 33, wherein the array further
comprises: a third and a fourth pixel cell comprising respective
third and fourth photosensors, the third and fourth

photosensors also being electrically connected to a first side of

the HDR/AB gate.

35. The processing system of claim 33, wherein the imager is a

CMOS imager and the pixel cells are CMOS pixel cells.

36. The processing system of claim 33, further comprising a circuit
for applying an operating signal to the HDR /AB gate to
control the draining of the charges.

37. A method of operating a pixel array comprising:

27
DSMDB.1896130.1



33. A processing system conprising: 26

DSMDB. 1896130. 1a processor; and an inager conprising
wa@eooane4y2 of pixels, the array of pixels conprPGI/og006/031912

first and second pixels having a respective first and

second photosensors for generating charge in response

to appldaeitheld @56 ook el egtricall
connect ead gt a ftiorst Si e&?@é@ﬁggﬁsgg Orséﬁ ARRIDZ - ond

phot osmsgrsed SIDBYy/AB irgsidtbe g tFTradpR v B0 88d away
fromthe cEhot osensors to a drain region on a second

si de 6£°RhELJRYAB wansistags, gy dve sesidupl shafgesoofthel ai m

33, | furth ises: a third and
Four U ieEdfd PbRspi pg reeRBaay darnithel and

f our tghopbRhaSS TG/ Stirst Bl Miksly AflohOUId N phot osensor s

al so being electrically connect irst side of
the HDR/ AB gate. 35. The processing systemof claim
33, whevlsineously initnyeg airssea oEMiGird ABgEHuARd t he pi xel
cells,are CMOS pixel cells. 36. The processing system
of cIPRCHyssBsOrF Bgtaﬁ'éYa%Pp?qCQPﬁ@hﬁcdifg@&/fAB or appl yi ng

j ' DR/, AB trol th
o ol ARSI SR SR spdclind B R A PR RO o Tng n°
pi xeltransistys, 6o what hidgal hbrdSMaABLE8RRE3R LN, ating a

reset of first and second photosensors by activating
photosensors are drained away from the photosensors into a

second shared drain region.

38. The method of claim 37, wherein the reset of the first, second,

third, and fourth photosensors begins an Integration period for

the photosensors.

39. The method of claim 38, wherein shared readout circuitry
associated with the first and the second photosensors are
reading out a signal representing an amount of charges

generated by the photosensors concurrently with the reset

initiation.

40. The method of claim 38, further comprising the acts of:

allowing the first, second, third, and fourth photosensors to

generate charges during the integration period;
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a first shared HDR/ AB transi stor gate of respective

first and second HDR/ AB transi stors, so that residua
webargessnn the first and second phot osensors BECEUS2006/031912

drai ned away fromthe photosensors into a first shared

drain region; and sinmultaneously initiating a reset of

a third,and fourth photosensors by activating a second
shar et HBpRRsAETIDE Ahe chages o thsr PRISs ISP a hird and

the (ke EoRea P T Rl el dHEL EBLRE pcfRR, 205 O

fromthe photosensors into a second shared drain
region. 38. The nethod of claim 37, wherein the reset
of the first, second, third, and fourth photosensors
begins an integration period for the photosensors. 39.
THE. mébpeertbed of slim 39, whsssinithe a¢rnfamnsteadeg the
circuitré q;soc'atgq with the fi.rst %n .t he @ﬁcond
phot oSEHEG oL T8C PASHISHE Bt ORPEFG Y4t 6B ng an
amounecghd MY 8Sd Gaiek @Eo‘i‘:&’gé)%at&!ﬁt% RRFGSERLRSes
concurrently wth the reset initiation. 40. Thé& nethod
of cl & resp&:tivé storiyer regonpr i si ng the acts of: all ow ng
the first, second, third, and fourth photosensors to
generate charges during the integration period; 28
DSMDB. 1896130. 1land transferring the charges fromthe

phet 0 echi e end
012 OTHESRAR B RS RS e Rhe E, o,
wher ettinrgbefr@dtthefirdt! s2eh&! thirdg ahd ourth photosensors
comprises activation of a first, second, third, and fourth
transfer gate to transfer the charges to a respective floating

diffusion region.

43. A method of operating a pixel array comprising:

initiating a first integration period for each of a plurality of
pixels in the array by operating a plurality of HDR /AB gates of
a plurality of HDR /AB transistors simultaneously, wherein
each of the HDR/AB gates is shared by at least two of the
plurality of HDR /AB transistors respectively for at least two

.adjacent pixels;

allowing photosensors formed in the plurality of pixels to

integrate photo-charges during the first integration period; and

ending the first integration period for the plurality of pixels by

transferring the photo-charges generated by the photosensors
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charges fromthe photosensors conprises activation of
first, second, third, and fourth storage gates to
WO e@neR4s82 t he charges to respective storage repiDOS2006/031912

42. The nethod of claim40, wherein the act of

transferring the charges fromthe first, second,

t hird; ors conprises activation of

a fi ﬁg{éﬁgg%gﬁ%%@{ﬁa%%ﬁﬁg fourdi transfer gate to

transfer the charges to a respective floating

di ffusion region. 43. A nmethod of operating a pixel
initiating a first integration

array, ﬁonprising:

p‘g-i olibs srcthed pf drim4p) wharein hoHIRXABsataistsheredr r ay
b ' I l. i f. HDR/.AB gat

o ur o 05 B B RR R0h Brecariri tane dURRy AB

wher eirihsgash of the HDR/ AB gates is shared by at |east
two of the plurality of HDR/ AB transistors
respectively for at |least two .adjacent pixels;

al  owi ng photosensors forned in the plurality of

S Pl A B ARt on
oer! O 88 e, BLA i 008l el iRYabr anslert 170 O e

DSMDB. 1896130. 1linto a respective storage region. 44,

The nethod of claim43, wherein the HDR/ AB gate is

shar eﬁwby two row adj acent pixels, each associated

% h e erosefidlaimst S twhereusthe heofreuisfidriaf; the ai m 43,

wher %h%té-%ﬁar@?&ﬁn%pgsacts %ctliéau%rr]lacgfe adstorage gate for each
photosensor to transfer the charges to a respective

intermediate storage region.

47. The method of claim 43, wherein the act of transferring the
photo-charges comprises activation of a transfer gate to

transfer the photo-charges to a floating diffusion region.

48. The method of claim 43, further comprising the act of

initiating a second integration period.

49. The method of claim 48, further comprising the act of reading

out a signal from at least one pixel representing the charges
transferred at the end of the first integration period, during the

second integration period.
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by four pixels, each associated with an HDR/ AB

transi stor. 46. The nethod of claim43, wherein the
W@ei07024582 ansf erri ng t he phot o-charges conpri SBGI/US2006/031912

activation of a storage gate for each photosensor to

transfer the charges to a respective internediate

storage region. 47. The nethod of claim 43, wherein
e dde methadpldlaim 4hgvhereinhstast SRHFEREG onpr i ses

activation of a transfer fer the
pholt \éQHI}Paﬂsﬁ%gt{V&Uﬁgfﬁeog}airﬁgi_@?#{? {}g%{r%ér egion. 48. The

nmet hod of claim43, further conprising the act of
initiating a second integration period. 49. The nethod
of claim48, further conprising the act of reading out
®1si goalethodof apelacagta poxed apiag ebmpeisingsent i ng t he
charges transferred at the end of the first

integration period, during the,second integr.ation

per i Mcgﬁuﬁ%@q%’%ﬁ%@g%@%ﬁ OHEEREYES ggﬂgg 4i m 48,
wher ¢ Jnitiaking conprises activating the
shar ?ﬁ%&%ﬁéﬁ%gb@?&l%&’mthod of operating a pixel
array conprising: integrating charge at first and
seconflopigt osessgeraed ichgrges fd dsin chakcgmmaon dgamt i on
period; allow ng excess generated char g,eséi?o drain to
a comppendpaile fesg ek sscondihotescnsqrs SuangLhe Hgt

phot oasensors during the first integration period; and
trané?@lgfa}qfﬁli"fféocggﬂgr ated charges fromthe first and

second photosensors to at |east one storage node at
the qpghsRirihPehé bESdrated charges from the first and second

photosensors to at least one storage node at the end of the first

integration period.

52. The method of claim 51, further comprising the acts of :

integrating charge at third and fourth photosensor during the

first charge integration period; and

allowing excess generated charges to drain to the common
drain region from the third and fourth photosensors during

the first integration period.

53. The method of claim 51, wherein allowing charges to drain
comprises operating a respective first and second HDR/AB

transistors, the transistors sharing a common anti-blooming
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integration period. 52. The nethod of claim 51,
further conprising the acts of : integrating charge at
wa boord24a81 f ourth photosensor during the firstPChESZIE6/031912
i ntegration period; and all ow ng excess generated
charges to drain to the common drain region fromthe
third and fourth photosensors during the first
i nt egiransisger gaded od. 53. The nmethod of claimb51,
wherein all owi ng charges to drain conprises operating
a respective first and second HDR/ AB transistors, the
transi stors sharing a comon anti-bl oom ng 31
DRVOBrSRR IR &t Eiais 53t AlrieR @ mpbing iR RELPRAJR
claimbl, further conprising the act” of reading out a
fir stoandfiseaahskcondrsadnal eqpreseating nhe phecrgeder at ed

charges durjng a second integration period. 32 DSNDB.
189619wrges during a second integration period.
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