WO 2007/ 027728 PCT/ US2006/ 033790 METHOD AND APPARATUS PROVI DI NG A TWO WAY
SHARED STORAGE GATE ON A FOUR- WAY SHARED PI XEL FI ELD OF THE | NVENTI ON
10001] Thgopoegrmagi nvention rel ates generally to digitacTivBeResewe0rs and
in particular to a CMOS pixel cell array architecture having shared
conponents anong pixel cells of the array. BACKGROUND OF THE | NVENTI ON
100021 A CMOS inmmger circuit includes a focal plane array of pixel cells,
each one of the cells including a photosensor, for exanple, a photogate,

phot oconduct or or a phot odi ode for accunul ati ng photo-generated charge in a
specified portion of a substrate. Each pixel cell has a charge storage
region, formed on or in the substrate, which is connected to the gate of an
output transistor that is part of a readout circuit. The charge storage
region may be constructed as a floating diffusion region. In sonme inmager
circuits, each pixel may include at |east one el ectronic device such as a
transistor for transferring charge fromthe photosensor to the storage
region_and one device, also typically a transistor, for resetting the

st or agMESEIGR AND APRARATHS BROYADENG A JINOWAY, SHARED STORAGE
transference. 10003] | [ er e active elepents of a pixel cel
performthe functi ongéﬁ%%%&W‘éqéﬁﬁé@’S&M&r lon; (2) accumrul ation
of image charge; (3) resetting the storage region to a known state; (4)
transfer of charge to the siqor i on; | ection of a pixel for
readout; and (6) output andF'ﬂpuﬁméﬁg#fﬁﬁvg$ﬁécgﬁgnal 1 WD 2007/ 027728

PCT/ US2006/ 033790 representing pi xel charge. Photo-charge may be anplified

when it ”D"ejggpglg‘ The pﬁ%&k{tgﬁg%xgﬁ‘é’}{ H82R5 FaRbt Ay R aigfd Bhab sbliorShRG29e

regi on. The
in particular to a CMOS pixel cell array architecture having shared components among

pixel cells of the array.
BACKGROUND OF THE INVENTION

[0002] A CMOS imager circuit includes a focal plane array of pixel cells,
each one of the cells including a photosensor, for example, a photogate, photoconductor
or a photodiode for accumulating photo-generated charge in a specified portion of a
substrate. Each pixel cell has a charge storage region, formed on or in the substrate,
which is connected to the gate of an output transistor that is part of a readout circuit.
The charge storage region may be constructed as a floating diffusion region. In some
imager circuits, each pixel may include at least one electronic device such as a transistor
for transferring charge from the photosensor to the sforage region and one device, also
typically a transistor, for resetting the storage region to a predetermined charge level

prior to charge transference.

[0003] Ina CMOS imager, the active elements of a pixel cell perform the
functions of: (1) photon to charge conversion; (2) accumulation of image charge; (3)
resetting the storage region to a known state; (4) transfer of charge to the storage region;

(5) selection of a pixel for readout; and (6) output and amplification of a signal

1



region is typically converted to a pixel output voltage by a source follower
output transistor. [0004] CMOS imagers of the type di scussed above are
gener al | ywbnowwzers di scussed, for exanple, in U S. Pat gt i8eoshsiAl: 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,
assigned to Mcron Technol ogy, Inc., which are hereby incorporated by
reference in their entirety. [0005] Wth reference to FIGS. 1, 2 and 3,

whi ch respectively illustrate a top-down view, a partial cross-sectional

vi ewrepresenting pixelcherges Jihotgwhenge maydre @Inpéi&edeﬁgen ptamarves from Hisi st or
(471) CMOS pixel sensor cell, 100. Wien incident |light 187 strikes the

sur f HidabehargpRe n regign daitheistrrage regient The/charge puthesteragegener at ed
in the p-n junction of th hot ogensor (represented at  the boundary of

n-t yb%waé%bfﬁjc%lhy S‘PPY%‘?CgffP 4 ppxe) Rytput Valiage by aseuresfalloryer quipat 2)) . The
geneﬁg%ed el ectrons (photo-charges) are collected in the n-type

accu S5FFn region 122 of the photosensor 120. The photo-charges nove from
the'initial charge accunul ation region 122 to a floating diffusion region
110 via a transfer transistor 106. The charge at the floating diffusion
region 110 is typically converted to a pixel output voltage by a source
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regi ons 102, sho as STl regions i substrate 101, t
reference in their entirety.

[0005] 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 four transistor (4T) CMOS pixel sensor cell 100. When incident light 187
strikes the surface of a photosensor (photodiode)120, electron/hole pairs are generated
in the p-n junction of the photosensor (represented at the boundary of n-type
accumulation region 122 and p-type surface layer 123 (FIG. 2)). The generated electrons
(photo-charges) are collected in the n-type accumulation region 122 of the photosensor
120. The photo-charges move from the initial charge accumulation region 122 to a
floating diffusion region 110 via a transfer transistor 106. The charge at the floating
diffusion region 110 is typically converted to a pixel output voltage by a source
follower transistor 108 which is output on a column output line 111 via a row select

transistor 109.

[0006] Conventional CMOS imager designs, such as that shown in FIGs. 1-3
for pixel cell 100, provide only approximately a fifty percent fill factor, meaning only

half of the pixel cell 100 is utilized in converting light to charge carriers. As shown,



floating diffusion region 110 coupled to a transfer transistor gate 106" of
the transfer transistor 106, and source/drain regions 115 for reset 107,

sour ce foWbaowere2iR8, and row select 109 transistors hapichgshespssbe ve gates
107", 108', and 109'. Mreover, as the total pixel area continues to

decrease (due to desired scaling), it becomes increasingly inportant to
create high sensitivity photosensors that utilize a m ni mum anount of
surface area or to find nore efficient |ayouts on the pixel array for the
non- phot osensitive conmponents of the pixel cells to provide increased

phot aadpsi drhak pattien of fRO6 160 &)mﬁriséé 8 phiotdsemson 120.eThe irémairtddiofahe ¢ form
a six transistor (6T) pixel cell having a storage transistor 130 and
assoqriaebckbl 5106 inghidpstisolhSion. regiomsd@2, shiovan s STl regivdd ihavsubgtratellly thaat es
130" and associ ated storage regions my be desirably used for various

pur pdieating diffusien aegionrid @l toa ttamsferdrarmisior geteclR’ gf thetrpasfery of t he
pi xels. In addition, pixel cells also may include an anti-bl oom ng

t r andiransistor 106 and souree/dradnregions 1 afar reset 107pspiinsedalioneni g8 anderdw ow
froma charge saturated phot osensor 120. However, when additional

t r ansielecsA99 teansistars havingragnective gatesst(Fr, 1080 andilQY . Miereoyen @sithe total
transistor 140 are added to the pixel cell, the ghot osensor fill factor in
f ur t Hiixebrepcontipues b derrease (fup inydssiradagalingy ihbecamesingeasinglyxel cel |,
whi ch includes storage. transistaqrs and/or anti-bloom ng transistors with
assodMRYUdaRHoSIeatgHTIEh seRgitivityphotesensore Hhatuiilze a minpaum amguat gﬁ fill

factor. .BRI EF SUWARY OF THE. | NVENTI ON [ 0009], The present invention, in the
vari cirefagearse of o é‘ﬁ‘E‘o‘HPﬁ%ﬁEéC}ent ?}5‘\’/‘1'“8@[5“ tgterérﬁﬂ@frgﬁgrp@mqrﬁg a pixel array
i ncl udi the,steps of activating a gl obal sjiorage si,gnal to store a

Dot RhlBseniee Eoppmsnfs ol e fide Chells 18 Srondsingtkassy BldtotdsTthe? arediyo
20071027728 PCT/ US2006/ 033790 array, activating a first reset signal for

the pixels i r{O@O';]i " flG! PO b AYichPsdhettitiform a six transistor (6T)

pixel cell having a storage transistor 130 and associated storage gate 130°. Storage
transistors 130 having storage gates 130" and associated storage regions may be
desirably used for various purposes, such as a frame shutter or to increase the charge
capacity of the pixels. In addition, pixel cells also may include an anti-blooming
transistor 140 having an associated gate 140’ to prevent charge overflow from a charge
saturated photosensor 120. However, when additional transistors, such as a storage
transistor 130 and/or anti-blooming transistor 140 are added to the pixel cell, the

photosensor fill factor in further decreased.

[0008] Accordingly, there is a desire for a pixel cell, which includes storage
transistors and/or anti-blooming transistors with associated gates, while having an

efficient layout to permit a high fill factor.
BRIEF SUMMARY OF THE INVENTION

[0009] The present invention, in the various exemplary embodiments,
provides a method of operating a pixel array including the steps of activating a global

storage signial to store a photosensor charge in a first storage region of each pixel of the
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second storage region of each pixel in the first row, sanpling the reset
second storage region for the pixels of the first row, activating a third
reset sighadorfo@f74 he pixels in a second row of the arpay/useoosessso a third
st orage region o? each pixel in the second row, sanpling the reset third
storage region for the pixels of the second row, transferring the

phot osensor charge fromthe first storage region of each pixel in a first
set of colums of the first and second rows of the array respectively to
the second and third storage regions for the pixels in the first and second

r ows arsgpciivgting e fixbbteseesignal frahe ?ixeﬁsf na fist 98¢ ofithe hnapde résegaon from
the pixels in the first row and first set of colums, and sanpling the

phot sseorebstorage pgion ofreatte pixel il thet first gew; smrinphiniy thien rebet secomd starage t he
second row and first set of columms. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 001 0¢gitndor thepbielsofithe finsh cowasgivatingd thihd resetsigriad fomthd pielstiniat er
understood fromthe follow ng detailed description of the invention, which

i s psesangktowiod the armayttooeseti a third stozageoragaeny 0h gach pisel ip the secahlabw, [ 0011]
FIG1 is_a top-down view of a conventional CMOS pixel cell; [0012] FIG 2 is
a cr sampling thergsebthing pragaregicn fordbe pixgls pf the secongixaw dransferrngither - 1 ;
[0013]h FIG 3 is-a circuit diagramof the convenit*iﬁ'\inal CMOS pixel of FIGS. 1
and Photosenspr chasgefrom thedirst sioragn egiempbeach Pl ima fishbiet of celugnneet whi ch
enpl O%é Storage and/or anti-bloomng tra sistgrs W th associ.ated gates; 4 WO
2007 Hopfirst oBLI08y FIAEEBECEYRy 40 the seqansl sRAARYAEPTABa por (i on

of a_pixel .array constructed in. accordance wth., an,ex | ary enpodi ment of
Uhe  FRGIORE fOh e BRYEs mhe frshend Ser SERIIE B1° BROISPEIH SBATEE pi el
art Y om érsgccotnecfjstorage region from the pixels in the first row and first set of columns,

and sampling the photosensor charge from the third storage region from the pixels in

the second row and first set of columns.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The foregoing and other aspects of the invention will be better
understood from the following detailed description of the invention, which is provided

in connection with the accompanying drawings, in which:
[0011] FIG. 1 is a top-down view of a conventional CMOS pixel cell;

[0012] FIG. 2 is a cross-sectional view of the pixel cell of FIG. 1, taken along

line 1-1’;

[0013] FIG. 3 is a circuit diagram of the conventional CMOS pixel of FIGS. 1
and 2; '

[0014] FIG. 4 is a circuit diagram of a conventional CMOS pixel which

employs storage and/or anti-blooming transistors with associated gates;



I n accordance with an exenpl ary enbodi nent of the invention; [0017] FIG 6
Is atimng diagramillustrating an exenplary nmethod of operating a pixel
array CcoQWg fgdebhethg N accordance with the exenpl ary enbopCTrEs200603379%0he
invention; [00181 FIG 7 is a block diagramof a CMOS i nager chip having an
array of pixel cells constructed in accordance with the invention; and
[0019] FIG 8 is a schematic diagram of a processing system enpl oying a
CMOS i mager constructed in accordance with the invention. DETAI LED

DESCRI PTI ON %QTI—F I l\‘{l\_{El\,ﬂ'l‘O\l [0020] In the foll ow ng detail ed description,
reference i s HOdel t Fbpds adopoipamyiey of anertin oid Pirel psray eonshruct of

and show way.of illustyatio eci fic, epbodi yrents in which the i nvention
may b%CCBF‘g%‘?‘Fecébt.?‘ ai’h@’éeénﬁf?ﬁ)ﬂ@ ent,of the YETRION; | n sufficient detail to

engbl e thgsehski | ﬁd in thg_ art to pra(t:)ti ce_lt_he di nvegti on, and it is Ito be
e ot 008 "eiuaf] "HiGrSRSEA TR e ot e o By SRR
< epsin BeBedeatuRb 4B BhEREY s BB o A BT oent  on: “however .t he

Sﬁquenge of steps is not limted to that set forth herein and may be_I
Chonore e, h AT G, 616 B o b Ia O R APBIREFOF S LY 1
| ol Loty a BOC! aEH ok BhficiedTh ASBRIIREMth (AE Bt ARy, SRBLRAGN O

sapphiHeSnieEbdnt echnol ogy, doped and undoped semi conductors, and ot her
sem conductor structures. Furthernore, when reference is nmade to a "wafer”
or "substrate" in the follow ng description, previous processing steps may

have been [0018] FIG. 7 is a block diagram of a CMOS imager chip having an array of

pixel cells constructed in accordance with the invention; and

[0019] FIG. 8 is a schematic diagram of a processing system employing a

CMOS imager constructed in accordance with the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0020] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof and show by way of illustration
specific embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be utilized, and that
structural, logical, and electrical changes may be made without departing from the
spirit and scope of the present invention. The progression of 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.



utilized to formregions, junctions, or material layers in or over the base
sem conductor structure or foundation. In addition, the sem conductor need
not be siwdaqirkasgd, but coul d be based on sili con- gepgRSEsvs/O8IHITRNI UM
gal | ium arseni de or other sem conductors. [0022] The terns "pixel," or

"pi xel cell,"” as used herein, refers to a photo- elenent unit cell

cont ai ni ng a phot osensor and associ ated transistors for converting photons
to an electrical signal. For purposes of illustration, a small nunber of
representative pixels are illustrated in the figures and description herein,;
however , tydioﬂgll y Thatetmna { iwaferGfand ‘(subgrats, (inaused heteinj &xe foibeel s proceeds
si mul taneously.  Accordingly, the follow ng detailed description is only
exe nm@dgrstqocf/wemw@m %ﬁc% epitaxial silicon-pa-inslatorA(SQI) pr siliggn-amre scope of
the present jnvention is defined only by the appended clains. [0023] The

t er meSapphizg (S5 technolggy deped ang u"‘S‘PRﬁ@éGP"IC%‘?%@m Radpthetire to be

I nterpreted. as neani ng at _any angl e, espect to,sone ?"E??t ed reference

poi ntSemicppductor shuchynes, Fpr qr@,mﬁné}l 2?( rence is masdata & (MR Qe or di ngl y,
e SR Ak heg et S R e R
o1, 0k B 3t P o P B TR BB
007/ S3 SrlRtRy isadtfedp, e BhhiBa frvof ntef oy By ilecheBasedfut  o¢
or ool K8 bes B W 5iflESh FRrirBrflif PR Syl Sl ARRbAlde GPORRE TR S 21 10

e'xerrpge?lrli)é R&?@ﬂor@”ay 400. The pixel array 400 includes a sharing of a
pi xel reaaou Citcuit by four pixels. The pixels involved in the four-way

[0022] The terms “pixel,” or “pixel cell,” as used herein, refers to a photo-
element unit cell containing a photosensor and associated transistors for converting
photons to an electrical signal. For purposes of illustration, a small number of
representative pixels are illustrated in the figures and description herein; however,
typically fabrication of a large plurality of like pixels proceeds simultaneously.
Accordingly, the following detailed description is only exemplary of the invention and
is not to be taken as limiting. The scope of the present invention is defined only by the

appended claims.

[0023] The terms “at an angle,” “angled,” and “slanted,” as used herein are
to be interpreted as meaning at any angle, with respect to some stated reference point,
that is not exactly parallel or exactly perpendicular. Accordingly, when at least a
plortion of an object and some reference point meet to form an angle that is not 0°, 90°,
or 180° the object is considered “angled,” “at an angle,” or “slanted” with respect to the

reference point,

[0024] Now referring to the figures, where like numerals designate like

elements, FIG. 5 illustrates a top-down view of a portion of a pixel array 400



readout sharing are represented by photosensors 401, 404, 405, 406. The
shared conponents include pixel signal readout conponents |ocated on a

| i near| y-wdmotoavges trunk 450 within the area between a pdt/g5200807379%f

phot osensors 401, 405 and between a second pair of photosensors 404, 406
whi ch are adjacent to the first pair. In addition, optional anti-bloom ng
gates 418, 419,434,435 are each also shared by four photosensors in array
400, though not the sanme four photosensors as share a common readout

circuit. In the illustrat exanpl e, faur photqsensors .40], 405, 407,408 are
C hownCORStHARHEAn BdIHEE SHETR SRURSTAIA e PIRLday PRONGER L ACCHIRNT 06, 506

20 e A B BR e  SRAN o Tl T,
TR g AL TRt 4R 0
e o kBB BOE S o s BT AL B 2225
Romopea£%%ﬁﬁg"%ﬁg?%é§g§%% Bhgf‘osg@%{rg‘r%gi 4@@9&30%*.‘?1‘1{ a&éﬁlf or pixels

in Rowooo havin S for’piXel's i'n Rowoot havi ng
hot o . 1AL ' I it h
orot O8sipRienhciuiiingl eRat Rt RRREn I MRRH ol QYR BLRb !

shari gk 45PHOMIn B Eééatbet{v%gﬁ@]ﬁ@g%f?wo%ﬁﬁso% ¥®1,906 and - beRRERRENSOr S

402, 401) share a common first storage gate 409 for storing the generated

phot Os&ddNdIBEir of photdkeekorst(4, 166 wiich afeesdjAcrRitOrth ¢irse9aieN in 4dditioh} 3a
prior to a readout of the charges. First storage gate 4 may be controlled

by gl eptibnal axitdtocai g@ﬂ@bms, £19434, 436 a96 enth alsotsharéd by féut i mng 7 WO
2007/ 027728 PCTI US200 33790 di agram expl ai ned bel ow. The phot osensors

401, phatosenstss innyrayhdi0) thoagh noe thesgamie fourepliotosensors iat ishard a ghvhnpdiot ons
into el ectrons (photo-char ges?, and in a preferred ,
readout circuit. In the illustrated example, four photosensors 401, 405, 407, 408 are
shown as having a shared anti-blooming gate 418. Photosensors 404, 406, 506, 507 also
share anti-blooming gate 419. Anti-blooming gates may overlap associated
photosensors as shown in detail by the exemplary dotted lines beneath anti-blooming
gate 419. Anti-blooming gates 434, 435 are associated in the illustrated example with
respective photosensors 402, 403 and are shared with other photosensors which are not

illustrated in FIG. 4.

[0025] It éhould be noted that FIG. 5A depicts only three rows of a pixel
array, Rowow, Rowoor, Rowooz. . As shown, the four-way readout sharing is for pixels in
Rowow having photo sensors 405, 406 and for pixels in Rowoo: having photosensors 401,
404. In a similar manner, Rowar, having pixels with photosensors 402, 403, and Rowas

(not illustrated) would have pixels sharing a readout circuit.

[0026] Column adjacent pixels (e.g. photosensors 402, 401) share a common
first storage gate 409 for storing the generated photo-charges in respective first and
second storage regions 413, 413a prior to a readout of the charges. First storage gate 409

may be controlled by global storage gate control signal SG shown in the FIG. 6 timing
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enbodi nent, the photosensors, e.g. 401, 402, are photodi ode regions. [0027]
A second storage gate 410 is shared by a second pair of colum adjacent
phot osenswo0eH3772404. Charge from t he phot osensors 403 pcdidk2806R 350" €d
under control of gate 410 in respective third and fourth storage regions
414, 414a. Storage gate 410 may al so controlled by the gl obal storage gate
control signal SG  Photosensors 405, 504 share a third storage gate 411
with their respective charges stored under control of gate 411 in

respective fifth a a sixth storage regions 415a, 415.  Photosensors 406,
505 gF%ﬁr@I%eﬁ‘Bf?ﬂ’i‘?ng?]&W‘égﬁﬁﬁf‘QtQﬁfgsﬁst L ﬁ@? mayles,apy Photeseasii® stored in
a seventh and an ei ght h.stor.age regions 416a, .,416. . The shared storage .gate
cont PatcE dhr PV iGN RAGRs HtolEr i hclSichatEe), i PrGEed ha
woul d_ .ot herwi.sg be required with . s rat e, stor.age gates for each

phot & teriky &edgl%?toge“sﬁ’&}f"t%%réb&f 2@859 B}‘OECF{L“’gSt’g%’OZ@g, 410, 411, 412
have side edges 431 which are preferably at an angle and at a corner with

respect 10 tijgopot 838NS01 St o 40710403 My 40cortPBnie G0y B0. Wh Ch
a %géon C ?gec I on area O¥ the p F

provi des for rger p osensors and,

gZS?%ﬂ@%&%ﬁh"ﬁﬁf%%?%ﬂ%??’f 484, g gle SYRUE PIAOSIROR 205 dihec bited D 29

i - i 409, 410,
935 e Bl of KB 41DEGRSecAitind R FARRRSIIMEC TALAIIAR R,
Phot eap@shtd 20 mii2a18h 26naBALE L the' Ao Stordpd hs LOAtEPLIEnAASG.

phot osen s 403, 4 share a transfer transistor gate 424, a
phot PhRsnSofI05, 504 shARS £1tard rsaﬁage baf19 Wih thafiteBpotBRaiRRESss st8fad 505
share a transfer gate 426. At |leastT a portion of each of the transfer

t r ansingle@ lcof 0L f gatk 414 redpéotiveReh hade sikdestedgpsrebionpttspdddl y at an
angle and at a corner with respect to each of the photosensors 401, 402,

403, Phodosef3drs 4085 505 Hareffourth storagé gatest2onvittt theitrespective drsges
transi stor gates 423, 424, 425, 426 of this enbodi nent are being shared,

eachstred if ateveAty aRd RETI gIsRD61 HRBmPfons 416a, 416. The shared storage gate

configuration reduces the number of storage gate control signal lines that would
otherwise be required with separate storage gates for each photosensor. At least a
portion of each of the gates 409, 410, 411, 412 have side edges 431 which are preferably
at an angle and at a corner with respect to the photosensors 401, 402, 403, 404, 405, 406,
504, 505, which provides for a larger photon collection area for the photosensors and,
consequently, high fill factor. It should be understood that the storage regions 413,
413a, 414, 414a, 415, 415a, 416, 416a primarily comprise a doped region (n-type) located

under the respective storage gates 409, 410, 411, 412 in the substrate.

[0028] As illustrated in FIGs. 5 and 5A, photosensors 401, 402 also share a
transfer transistor gate 423, photosensors 403, 404 share a transfer transistor gate 424,
and photosensors 405, 504 share a transfer gate 425, and photosensors 406, 505 share a
transfer gate 426. At least a portion of each of the transfer transistor gates 423, 424, 425,
426 have side edges 432 preferably at an angle and at a corner with respect to each of
the photosensors 401, 402, 403, 404, 405, 406, 504, 505. It should be noted that the
transfer transistor gates 423, 424, 425, 426 of this embodiment are being shared, each
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anong two col unmm adj acent pixels in array 400. For exanple, as shown in FIG
5, columm adjacent photosensors 401, 402, which share storage gate 409,

al so sharwotbgn2tngnsfer transistor gate 423. The transfheqdshaidnssber dates
423, 424 transfer charges from charge storage regions 413a, 414a to a
common floating diffusion region 421a. [0029] Photosensors 401, 402 do not
share a floating diffusion region or readout circuit. Rather, in the

il lustrated enbodi nent, two row adjacent pixels having photosensors 401,
404 share a first floating diffusion region 421a and two row adj acent

phot esensptwo 40lMaGadiient pixels roattafy|4081 Fog edafiple,iasrshosan 00FH2.13). The two
floating diffusion regions 421a, 421b are electrically connected to one
anot lelumsiadjearentd photostmsors 401, #62,evhichshdopsibrage gate 409, alse shabstheat e.  The
floating diffusion regions 421a, 421b may also optionally be coupled to a
capadiansferd2ansistior lgate423 sThe tiansfer deansisher gatieadds, 424oiransfer epargies front t he
connected floating diffusion regions 421 a, 421b. Capacitor 429 is also
couplchdrgestomgetegiemsid] I Adda txa domandn floating diffusionsregion42khows a third
floating diffusion region 430 which is shared by row adj acent photosensors
402, 403. This &ﬁgion I s connected to another floatin ffusion region, in

the same nmand@029)haPhetagensars 401 402¢p notishaiea MSE&SlPD@@ane use of
TR RN BRCHEEATES O e T
it cPtaransers Jilo A shatk a kipuficarily ditsionrelon 218 Rayi Hikediaceihge

901 Diosensars 4% Apghan acamd Hontity SHRLACE ofsitn £, hetwtebtiiges "
out . iByspR BBl Gate, Mk iRl et NS a0 he AT eBBERY ot es 900,
SLI RPN R SR Ao v M R W g e

| east e
421b may also optionally be coupled to a capacitor 429 which serves to increase the

charge storage capacity of the connected floating diffusion regions 421a, 421b.
Capacitor 429 is also coupled to Vaa-pix and increases dynamic range. FIG.5 also
shows a third floating diffusion region 430 which is shared by row adjacent
photosensors 402, 403. This region is connected to another floating diffusion region, in

the same manner that regions 421a and 421b are connected.

[0030] The use of storage gates 409, 410, 411, 412 in association with storage
regions 413a, 414a, 415a, 416a provides for a frame shutter and/or additional storage for
photosensor charge storage for the pixels which share a readout circuit which include
photosensors 401, 404, 405, 406. For example, the storage gates 409, 410, 411, 412
transfer the chargeé generated by the photosensors 401, 404, 405, 406 following an
integration period into the associated storage region 413a, 414a, 4153, 416a, where they

can be stored and read out.

[0031] Preferably, as shown in FIG. 5, each of the storage gates 409, 410,
411, 412 and transfer transistor gates 423, 424, 425, 426 have at least a portion thereof



WO 2007/ 027728 PCT/ (1S2006/ 033790 that is angled with respect to their
associ at ed phot osensors 401, 402, 403, 404, 405, 406, 504, 505 so that each

gat e overwepeora2t@gner regi on of an associ ated phot osen r npl e,
t he edges 431 of the storage gate 410 are shown as bei ngegfuasg(@g@”\?\n&?h

respect to the length L and the width Wof the associ ated phot osei nsors
403, 404-such that gate 410 overl aps an upper right-hand corner of
phot osensor 404 and an upper |eft-hand corner of photosensor 4083.

oM HRY SRl Wit e e&rt§@§%i?ras§é%&\[,}m§{i§)thgto%q{ss§s 465 40824, 435, 4054485 has an

edge is simfarl ant espect to the 1eng ahd the

wi dt 5o \BoBfsotthat M%ﬁ%%&ﬁﬁ(&_ﬁ?ﬂ%@’@wfe tas&m%agt SUEEALRRS Foy COT ner

of an assocl ated photosensor. IS pr angl e onetry and

phot EXARBI, LAY ea?_@mmf of {He detRe gfaQﬁmo 42shWh as bbing didted4Aih ﬁ%gect426
allows fOr 'an efficient |ayout of” the gates 409, 410, 411, 412, 423, 424,

425, tdtife lehgth m&@&mmmewgo&aﬁdgﬂr&@smmw, 404 uRh¥RAtSgdte  array
400. In addition, this arrangenent is also beneficial in maximzing the fill

f act 810 o0&rlaps an r r?htﬂﬁl‘id@i‘h@ﬂof RofyseAs®f 404 end hAt Jefthatdl, 402,
403, 404, 405, 406, 504, 505. The anti-bl oom ng gates 418, 419, 434, 435 of

t he optrieeiphoiddensbr403.nSimilady,dash Of the biadisferucarsistol geteadi?85424 495, 418a,
and al so overlap a corner of an associated photosensor, e.g. 407. [0032]

The d4béGhes apiedge 462aHatis similaclyslanted With eespit to thdlangtle 3 cand e widthe reset
transi stor having a gate 436 is utilized for resetting charges at the

i nt el ofi tiee phdtdsknsonsd)30404 sisihothat vy gate od2tlaps4Pddrned of enessoditgedf t he
reset gate 436 is a source/drain region 425 that is capable of receiving a
suppbhotagensor Thispreferrexhangledrgeonietty and gdhntosenspos owerlepef thegates408ut
trunk 450 shared anong photosensors 401, 404, 405, 406 include a source

f ol | SHorklls AFb 28424 485, 226 allayvafajarcefizisnt bieish afdhe gates 0% Abhidlig

di ffusion regions 421a, 421b, and a row sel ect transistor 427 having a gate

427 Gh2.4R3s614% deonlty toimproye thedlgakage a1d lagpedarmance of Bygpixelsdhsi st or
426 to 8. §adaut colym |ine, |solatiop regions 433 in.the supstrate are
of array 400, by maximizing the area of the photosensors 401, 402, 403, 404, 405, 406,
504, 505. The anti-blooming gates 418, 419, 434, 435 of the optional anti-blooming
transistors also have slanted edges, e.g. 418a, and also overlap a corner of an associated

photosensor, e.g. 407.

[0032] The shared pixel readout structure will now be further described.
One reset transistor having a gate 436 is utilized for resetting charges at the
interconnected floating diffusion regions 421a, 421b. To one side of the reset gate 436 is
a source/drain region 425 that is capable of receiving a supply voltage Vaa-pix. The
remaining readout components on the readout trunk 450 shared among photosensors
401, 404, 405, 406 include a source follower transistor 426’ having a gate 426 connected
to the floating diffusion regions 421a, 421b, and a row select transistor 427’ having a
gate 427 which selectively gates the output of the source follower transistor 426 to a
readout column line. Isolation regions 433 in the substrate are utilized to isolate the

active areas on the trunk 450 from the photosensors, and to also isolate the individual
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active areas on the trunk 450 fromthe photosensors, and to also isolate the
I ndi vidual 10 WD 2007/027728 PCT/ US2006/ 033790 charge accunul ati on regi ons
of phot osgo30§7502428, 404, 405, 406 from one another. AnpcriiRws 59 ati on
techni que, including but not limted to shallow trench isolation (STI), may
be used to formisolation regions 433. [0033] The four-way shared pixel
readout | ayout described herein illustratively has a first pair of

col um- adj acent pi xels having respective photosensors 405, 406 and a second

pair of columm adjacent pixels._having respective photosensors 01, 404
shar i ﬁ%a{%a?ea%fn PBARgionSSf Riteseptors 41, 4,405,408 oy PRE 2PEHETC M m
out pu | ine 0. Thus ¢olu ut put, .l ine.420.i5 on| ecessar |
accor 3‘5‘88‘6“ Woﬁl qu%%mﬂ}'&%%ﬁ?m&eg% S@@@PV géﬂ lsé’iﬁsflﬂ%(sg?‘ﬂa
pi xel . . -adj acent pixels, e.g. 405, 401 will be
sequer’ﬁ%}éﬁfgﬁg(&%%ggciiﬁ%éeggﬁgggétg%‘t line 420, and their respective
signals need to be separately sanpled and held in order to nmaintain maxi num
resol ution fop pmgf I G (FIG 5) is
connected to AOGCO um flol’?g &%Sﬁg%dc‘?%gﬁe?ggﬁgeéﬁlﬁ cgggéﬁg%ht@v\i%nsets of
capacik Firod L.e1; 50 . ' ' bASRs from
Cho " o oralyely LS fi3h phR DR R R pIX I haSIng RRpeEOPPRESERTs
secongps d | 1 a6dd iR d by a
>cCondoselolnd sARREhA Yt SFGubh ALARGxcBI AL KelpechteARLaRAYAC b
out puyQs) m}fmix@ 686 §dt d"f'r@ﬁ'&’bulvéiﬁéuiﬁ?ﬁ é.g. i@k M&iﬁé A4 toltnth Bﬁg:ﬁiton
region 421la, 421 is reset by the rest transistor, e.g.” 436', and
phot ogigesa?0 .STEAG a ASluthrPER AFheI20GD BRBERe@BSAHY iRhechrdande Pili gaensor,
e.g. 401, during an integration period. A difference signal Vrst - Vsig is
pr oduerémplarydérhbednentg foreedriyfother éolniroof @ podtel pirrast 400V As suchly/sivg _
represents the anmount of light inpinging on a pixel. Accordingly, each pair
of capahirhnraljfht pirel§38g.r4050 40k will becaquentigliy ré¢adt onfo thessapese outputiligeal
Vrst and at anot her capacitor of the pair a signal Vsig, for

420, and their respective signals need to be separately sampled and held in order to

maintain maximum resolution for the pixel array 400. Sample and hold circuit 635
(FIG. 5) is connected to a column line 420 and comprises switch 636 and two sets of
capacitors 637, 638. Switch 636 determines whether the incoming signal from the
column line 420 should go to the first set of capacitors 637 or the second set of
capacitors 638. In practice, each pixel, as represented by a respective photosensor and
the associated readout circuit, produces two output signals, a reset signal Vrst after the
common floating diffusion region 421a, 421b is reset by the rest transistor , e.g. 436’, and
a photosensor signal Vsig produced by charges accumulated in a photosensor, e.g. 401,
during an integration period. A difference signal Vrst — Vsig is produced by
differential amplifier 640 for each pixel. Vrst— Vsig represents the amount of light
impinging on a pixel. Accordingly, each pair of capacitors 637 and 638 receives at one
capacitor of the pair a signal Vrst and at another capacitor of the pair a signal Vsig, for

one of two column adjacent pixels.

[0034] FIG. 6 is a timing diagram illustrating an exemplary operation of the
array 400 illustrated in FIGs. 5 and 5A. It should be noted that the transfer transistor
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one of two columm adjacent pixels. [0034] FIG 6 is a timng diagram
Illustrating an exenplary operation of the array 400 illustrated in FIGs. 5
and 5A. Iwoshoud728e noted that the transfer transistor pCi/0@8779027728
PCTI US2006/ 033790 gate signal |lines TX ODD, TX-EVEN, respectively represent
the transfer control signal for the odd or even pixel colums in the array
400. Further, "Rowxxx " is used to designate row nunber "xxx" of the array
400. It should be noted that the timng diagramof FIG 6 represents only
one eg;ﬁ%i%ga’l 1S T OD, %X_@Jﬁﬁ?résﬁ)é&%él&% HeBhe fedirhfsfel Gntrel ﬁggaﬁA and

ot her” opertational schenes nmay be enployed.”[0035] d obal storage ga

cont r foir thié @dl 0i5&vdrbpixel B6linins i e £ 20D, SFuithet, PROVeR!” ik tisé@k@t | on peri od
and charges fromall photosensors are transferred through the storage gates
i nto désighatea®ne atinviserstakdof thegirap00) it sHoudd deatgted theh@iedemirfg om

phot osensor 401 is transferred to storage region 413a, charge from

phot odiagsam ofFIL.iterepresesiteoniydonoexdmplagy wagobopdihlingchersgictuiem

phot osensor 403 is transferred to storage region 414, charge from

phot odepisted #ORIGs 5t arach5Aerdeother operatinral selygmes Aiatebe entpdopel.f r om

phot osensor 405 is transferred to storage region 415a, charge from

phot osensor 406 is transferred to storage regi on 416a, charge from

phot osensor 5000358 Globkaksterageigate controdsgignabGGda tumsed tahig ing af r om
phot osensor 505 is transferred to storage region 416a. [0036] Subsequently,
for rBaRiRsSeBeNr integrabionperiodiand chargesiron allphoetesensss ara ransfegeed a r ow
sel ect gate 427 is activated by asserting a row sel ect signal iRQ/\) hi gh. A
r eset hepughdhe steregegaben inke thalr reppeshve sgrage regians.4bn this exyapie chege by

activating reset gate 436 of reget transistor 6 with reset signal Reset. A

si gnaltom Bhoteepsacaft isnsiered sesioraaaresion %ﬁa,r 88 &ro ms)t&ﬂn_a% i ne

420 oy rsaRled (80dhralSl 400 41" ok RIS 0eror RIS bRbreb R 1038 11
storage region 414, charge from photosensor 404 is transferred to storage region 414a,

charge from photosensor 405 is transferred to storage region 415a, charge from
photosensor 406 is transferred to storage region 416a, charge from photosensor 504 is
transferred to storage region 415a, and charge from photosensor 505 is transferred to

storage region 416a.

[0036] Subsequently, for row Rowon of the array 400 containing
photosensors 401, 404, a row select gate 427 is activated by asserting a row select signal
(ROW) high. A reset of the common floating diffusion region 421a, 421b is performed
by activating reset gate 436 of reset transistor 436 with reset signal Reset. A signal Vrst
representing the reset condition is read out onto column line 420 and is sampled and
held on the Vrst capacitor of capacitor pair 638 in sample and hold circuit 635 by
sample and hold reset signal SHR. The In_sel signal controls switch 636 to determine
whether the signal on column line 420 should go to the first set of capacitors 637 or the
second set of capacitors 638. For Rowun, In_sel is low controlling storage of the reset
signal into the reset signal capacitor of capacitor set 638 (FIG. 5A). Then, for a next row,

Rownez this same sequence of steps is repeated, turning the appropriate row select (RS)
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sanpl e and hold reset signal SHR The In_sel signal controls switch 636 to
determ ne whether the signal on columm |ine 420 should go to the first set
of capacywips76237280r the second set of capacitors 638.pdious26u3iop | n_sel
is low controlling storage of the reset signal into the reset signal
capacitor of capacitor set 638 (FIG 5A). Then, for a next row, Rowooz this
sane sequence of steps is repeated, turning the appropriate row sel ect (RS)
12 WO 2007/027728 PCT/ US2006/ 033790 537, reset (Reset) 536, and sanple and
hold reset (SHR) signals high for a second row Rowoo02 to read out a reset
si gn&@B7oreset Reset) SBanand saroplend boldireset (HBY siginal ohnight for hesecdnd advwng

di ffusion region 430 for Rowo2, and a connected floating diffusion region
of R toRad put g rgset sigralenita te clusm ling420fora resegwonditiort okthen sel

Si gn%i sg%g& .caus_i@‘_r;g the signal to be stored in a reset capacitor of
pai r fegfin siqrgegien 23Q fadfowemy ansbapornegied Henting djffusionegiomeaf SHS
retu to | qw., [00371 Next, transfer sigpal TX EVEN is turned to high, to
act i vy H@“dé&%ﬂoﬁ QWA 11 Fg(ﬁségr T&“%HQ%BSW%’&F edn4sel $ignad inhigde ent
rows. Charges stored,in the, storage arga 414a us transferred through
the CRERBENE st Q be storsd ina keseteapRGHPY ALDAR 67 SR thagon selegianghd

Rowo ATIRIe PR P RNGEl SHPARBITH S 08at o 424, Next, for Rowpos,
pih)éelrowvglalt 2ge Si gna! Vsirg4i S r_eaﬁ ;)nt o] ithe f0| um |ine gzol byaagt [ v?gi ng
\t(/:Vih.rf:ui t 635 # ?%ﬂajﬂfzglliﬁ%gf%{&%ﬂgigﬁl f’g-@é%f‘é t&%gq @g{gﬁg@a&ﬁﬁ?’%tﬁ ﬂone .
i ¢ el Selind Yo e Bandific BUA LA R Roer o Qofialoth s BN 1 1
Vsig sf&%gg Lty %f%ahéi%&ﬂﬁ‘s tnsfifttePdtiou & '&ﬁsf&%ar@ﬁ%og %‘Q’%’hﬂlt(ﬂﬁ fifAGine’ €set

si gna St an e phot osensor signaP Vsi'g corfespond o phot osenSor
01 RIS LA A2 MUl gk SR A" 11
f I oatieRBrét THd1hde by H@GHIAR “OAC trahsfer transistor gate 424. Next, for Rowun, a pixel
voltage signal Vsig is read onto the column line 420 by activating the row select
transistor 427’ with the signal ROW, and sample and hold circuit 635 with a high SHS
signal to sample the first fow. This is done while the In_sel signal is low which selects
the capacitor set 638 through switch 636. As a readout the photosensor 404 signal Vsig
is stored on the Vsig capacitor of capacitor set 628. Capacitor set 638 now holds the
reset signal Vrst and the photosensor signal Vsig corresponding to photosensor 404.
For Rowor, a pixel voltage signal Vsg is now read out repeating the pulsing of row
select (ROW) and sample and hold signals (SHS). From floating diffusion region 430, a
signal is generated by source follower transistor gate 526, through row select transistor
537 and onto the column line 420. During this readout, however, the In_sel signal is
returned to high to store the photosensor signal Vsig from Rowoe: into the Vsig
capacitor of capacitor set 627. The row select and sample and hold signals ROW and

SHS return again to low.

[0038] This exemplary method is performed simultaneously for every other

column in a row, utilizing the alternative transfer transistor gate signal TX_ODD to
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signal is generated by source follower transistor gate 526, through row
select transistor 537 and onto the colum |ine 420. During this readout,

however ,whhgodddzeg! signal is returned to high to storeTidsoqshesmsensor
signal Vsig fromRowo2 into the Vsig capacitor of capacitor set 627. The
row sel ect and sanple and hold signals ROWand SHS return again to | ow
[0038) This exenplary nethod is performed simultaneously for every other
colum in a row, utilizing the alternative transfer transistor gate signal

T Ot AR 20073007 é@e&iﬁ%&%ﬁ%&%@@éﬁ&% acB8}. ARk Sud8R3) flpdeiags! st

gates I1n o col ums I'S sequence

Lﬁ[i Fﬁg{%% gergeefb?gggl‘(g %f&a#ﬁ I n arra 0588)3&}?5 shou?oaeehc))
u ”deiﬁ{tﬂ@%ﬂsa retﬂéﬁa%thBF E@éﬂ 9&%1 ﬁéﬁﬂ%@b?l@fﬁiﬁl& Yehuridritood hat Beese

I nvention in no way Iimted hod of readout operation as

desc £atidiedl 8t sa[r@@ﬁ%pﬂﬁsonlg ahd tRAirdlerfior isYh oAl ey Ahitéd @& gat es,
18, 434, 435°(FI'G 5 and assorted anti bl oom ng transi stors.

The @thedUf rbddowt b pdration a3dlestiiBa@ heicihs are operated by control signals
on lines HDR (FIG 5A) to limt the amobunt of charge which is accunul at ed

by correspondi ng photosensors, e.g. 406, 404, 401, 405, during a charge

i ntegration [He0399d.FlUse5 anid 3A atsv iflgs@atecarttinloehdng getesfﬁe@ d438,a13¢) 41|

reset gate to begin the integration period. [00401 FIG 7 shows a CMOS

| magdB5 QRIG.i5), arid assortee] amiilelobiming teansistorse rifhegates of the antibloemiagr ay 605.
The CMOS i mager 600 is operated by a control circuit 630, which controls
addr ésnsidorsdae S)petftgdfkgscdntrobégmis ondindsd TRRFdG: 5A) ¢o liovit melamooind nm
lines for pixel readout. Control circuit 630 also controls the row and

col ueh chargewshichi is agrumylated bysapresponiding phoyosemsdss, aig. 406,400 L A5, t o t he
drive transistors of the selected row and colum |ines. As noted, the pixel
out pduringm ghargeriptagration pexisid. The antiblooming gate may also be used as a global

reset gate to begin the integration period.

[0040] FIG. 7 shows a CMOS imager 600 in which the invention may be
employed within pixel array 605. The CMOS imager 600 is operated by a control circuit
630, which controls address decoders 615, 625 for selecting the appropriate row and
column lines for pixel readout. Control circuit 630 also controls the row and column
driver circuitry 610, 620 so that they apply driving voltages to the drive transistors of
the selected row and column lines. As noted, the pixel output signals include a pixel
reset signal Vrst read out of a floating diffusion region, e.g. 421a, 421b, after it is reset
by the reset transistor and a pixel image signal Vsig, which is read out of the floating
diffusion region after photo-generated charges are transferred there by a transfer gate
from a storage region controlled by a storage gate. For each pixel, the Vrst and Vsig
signals are sampled by the sample and hold circuit 635 and are subtracted by a
differential amplifier 640, to produce a differential signal Vrst - Vsig representing the
amount of light impinging on the pixels. This difference signal is digitized by an
analog-to-digital converter 645. The digitized pixel signals are fed to an image

processor 650 to form a digital image output. The digitizing and image processing can
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reset signal Vrst read out of a floating diffusion region, e.g. 42la, 421b,
after it is reset by the reset transistor and a pixel inmage signal Vsig,

whi ch i s weagoat72ef the floating diffusion region aftecTasbwogseer at ed
charges are transferred there by a transfer gate froma storage region
controlled by a storage gate. For each pixel, the Vrst and Vsig signals are
sanpl ed by the sanple and hold circuit 635 and are subtracted by a
differential anplifier 640, to produce a differential signal VWrst - Vsig

2?82; Aol o or ST HE imbean oty I T é’%a%ﬁ%@gﬁ%égenﬂ%é’w‘%%%&ﬁe
but put’ SRR QF%WE&%%EQ% j %%%P%g?iéﬁﬁélﬁ%@ ci%:] e
PCTJU I

t he d??‘g%%ntlgtg% g rgt E)nvgirgocant bg ;Prg?ie;i gdl gs and??;rgrg:\[ ?ggerrents
signal and directly d| gitized by a differential analog to di gi tal

converter. [OQM]F'ﬁG%ﬂlh%ﬂ%ﬁ]s%\heﬁnﬁngﬁrﬁhé&o{”b%ﬁ Selipfgs oy St em 700,

for exarrpl e a canera system conpri se a cen processi ng

put [ ie £Ams %*%23%2%8‘%“5” epety ot P$1E§Bfﬁ§ﬁ?§§¥€%s$§‘§%f‘9&@?% udes
an i meghng Hens aPﬁuéQ%rB@éb%bf' %Taﬁébmﬁ\uxﬁeél% IARE Bn'\th &t/bﬁg;ﬂ@/@y dBAts7f the

i nvention descri bed herein. lmager 600 al so com*run cate h t he CPU 705

over ygr 4 bus 718e mmmmbmn%mwﬁﬁﬁagh%%ewwmm@@nﬁax&@m:@cces s

menory (RAM 720, and’can include renovable nendory 725 such as flash

MeNor Vaccordiapite @ idlo i@ emiboidimien t9\bf the Gtlbri@Sn desiribdtchérésn.” rhagérsiedlso 600
may be conbined with a processor, such as a CPU, digital si gnal processor,

or  nmconapuniatesowithihelCPPU 705t dver bus?ibr Thetproagssopbased spstem Y00 glgo at ed
circuit or on a different chip than the processor. [00421 The invention

f ur t hanclude$ ratetorn aveedsaneniory®rAdvT) A20,ana el inetudg/removable memory 725,

such as flash memory, which also communicate with CPU 705 over the bus 715. Imager
600 may be combined with a processor, such as a CPU, digital signal processor, or
microprocessor, with or without memory storage on a single integrated circuit or on a

different chip than the processor.

[0042] The invention further includes a method of operating a pixel array
of the embodiments illustrated in FIGs. 5-8. The method comprises the steps of
generating charge in response to applied light in a first photosensor, generating charge
in response to applied light in a second photosensor, and storing charge from the first
and second photosensors in respective first and second storage regions with a first and
second storage transistor having a common first storage gate respectively connected to
the first and second photosensors. The first and second photosensors are column

adjacent.

[0043] The processes and devices described above illustrate preferred
methods and typical devices of many that could be used and produced. The above

description and drawings illustrate embodiments, which achieve the objects, features,
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of the enbodinents illustrated in FIGs. 5-8. The nethod conprises the steps
of generating charge in response to applied light in a first photosensor,
gener at i ngoGa@egi N response to applied light in a sepeomuRb@iesensor, and
storing charge fromthe first and second photosensors in respective first
and second storage regions with a first and second storage transistor

havi ng a common first storage gate respectively connected to the first and
second photosensors. The first and second photosensors are colum adj acent.

e PR R B B R B
Sy Y R R RO M ..
he Bl ARG O HRAERY i kbl SR B2k S5 ey
enbodj %ﬁ?gia-shﬁﬁhé SPeRrRidRdut iR @aQ 4 ﬁﬁoﬁi})l(ﬁ@hia% | 6% dib traAsper Wi t h

refere to pix arrays having a 4-pi sharing of a Teadout circuit and

a 1t Wogdtey QJtheniulADifé] sHRiosrapslale 456 frtbnd 6@ t6be withRl thebcbpe Bf ¥ed

sharing arrays are also intended to be within the scope of the invention.
Addi tineBatiby. sedditionelly) &y heddificA e Hmigaﬁ?fésbntlyniﬁbeé&embﬁof@ife t he
present invention that cone within the spirit and Scope of the follow ng

cl ai npresédtindentionchasestae edithinrtheepirfitend segendf the\fellbwdng clfimSlshbivkl What
is clainmed is: 1. A nethod of operating a pixel array conprising the steps
of ache earisidered prrd bfithesprasageirsiegtioh. t 0 store a phot osensor charge in a
first storage region of each pixel of said array;
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activating a first reset signal for the pixels in a first row of said array
to reset a second storage region of each pixel in said first row, sanpling
said reset second storage region for the pixels of said first row,
activating a third reset signal for é,i%% els in a second row of said array
to reset a third storage region of R}E)$(xel in said second row, sanpling
said reset third storage region for the pixels of said second row,
transferring said photosensor charge fromsaid first storage region of each
pi xel in a fWhstisskimediscol urms of said first and second rows of said array
respectively to said second and third storage regions for the pixels in said
first and second rows; sanpling said photosensor charge fromsaid second

storage region frAmetal 6f dpeting aipixd airdly Eorhprisii@eatghs bEr st set of col ums;
and sanpling said photosensor charge fromsaid third storage region from
said pixels in s#tivatingcogipbebsiormsd signakto sfere »phelepanspischapge he figgt hod of

claim1l, furstt&gce\[%‘3 ﬁ%g{gﬁrc;f:e%t%?%&gleofssgﬁpa%a f: transferring said photosensor

charge from’'sai rst ge region of each pixel in a second set of

colums of said fdctisitirng fis@aedd sig@uISTod fthe pixdlsahrafirst F®s PEGhidvigtay tho sai d
second and third storage regions for the pixels in said first and second
rows: sanpl iTAipt dapepndistaregsaiseion of sashguxelin faid ird 1e¥cond st orage regi on from

ns;_sampl gt SarengiibrY el _ egion fr
ohot osencor char gi Py Bhadr St ubis Mo flor Y IR or BRAARERAL, 00, D551 4

second row and fidcsiVatigta tirdaedetipighal fohthe pixelsial aketondiovasthasbataydoset s of
colums are alternating colums, 17 3. The nethod of claim?2, wherein said
step of sanpkEsehd thigd sfoyags eegienpelgagh pixel in said second row;

sampling said reset third storage region for the pixels of said second row;

transferring said photosensor charge from said first storage region of each
pixel in a first set of columns of said first and second rows of said array
respectively to said second and third storage regions for the pixels in said first and
second rows;

sampling said photosensor charge from said second storage region from
said pixels in said first row and first set of columns; and

sampling said photosensor charge from said third storage region from said

pixels in said second row and first set of columns.

2. The method of claim 1, further comprising the steps of:

transferring said photosensor charge from said first storage region of each
pixel in a second set of columns of said first and second rows of said array
respectively to said second and third storage regions for the pixels in said first and
second rows;

sampling said photosensor charge from said second storage region from
said pixels in said first row and first set of columns; and

sampling said photosensor charge from said third storage region from said
pixels in said second row and first set of columns,

wherein said first and second sets of columns are alternating columns.
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storage region conprises: storing charge fromsaid reset second storage
region in a first pair of sanpling capacitors. 4. The nethod of claim3,
wherein said step of sanpling said reset third storage region conprises:
storing charge fromsaid reset third storage region in a second pair of
sanpling capacitors. 5. The nmethod of claim4, wherein said step of sanpling

sai d phot osepsor Thhafegod 6OMamRRd whefa thid tsthasfesailing sakioredti sesid St ori ng
sai d phot osensor charge from said second storage region in said first pair
of sanpling HaF8erLCONBIISERie net hod of claim5, wherein said step of

i id oh . d ot i e . :
Storing sard phot SoTEsires IReh Aid LB Sl Ml HANENE o Rl WGP oo
second pai r simpsmgrhpagtoesapaci tors. 18

4, The method of claim 3, wherein said step of sampling said reset third
storage region comprises:
storing charge from said reset third storage region in a second pair of

sampling capacitors.

5. The method of claim 4, wherein said step of sampling said photosensor
charge from said second storage region comprises:
storing said photosensor charge from said second storage region in said

first pair of sampling capacitors.

6. The method of claim 5, wherein said step of sampling said photosensor
charge from said third storage region comprises:
storing said photosensor charge from said third storage region in said

second pair of sampling capacitors.
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