DUAL CONVERSI ON GAI N GATEAND CAPACI TOR COMVBI NATI ON
FI ELD OF THE | NVENTI ON [ 0001] The present invention

w0 edoabedegieneral |y to digital inage sensors anpPiCT/HS2006/029050

particul ar to dual conversion gain inmgers.
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conpl ementary netal oxide sem conductor (CMOS)

i magers, are c qPWE i magi ng
appl i cati ons. m?y%% cally, ngll_ gital inmager array
i ncludes a focal plane array of pixel cells, each one

[oebq he qallstedddt inkdintidniraPited & BERRADY to fightal iflage sensors

phot ogat e, "phot oconduct or, or a phot odi

andhﬁ%ﬁﬁ"ﬁc@lat@@dﬁ_é'lccﬁvéﬁéﬂbﬁﬁ ipeaptest ed to each pixel
cel'l which typically inclludes a source follower output

transi stor. The phot osensor converts photons to

el ectrons which are typically transferred to a storage
node, e.g., a floating diffusion region connected to
the gate of the source foll ower output transistor. A
char ge tr aB&(&KGROWLINP QE IFIE INVEMNIIENr) can be

i ncluded for transferring charge fromthe photosensor
to the floatin dlffu3|onre|on In_addition, such
[00HRlger &dmpping @wl@%u 11‘}? uding chargegpipleddeyises (GSB) andg

comiplerRars IreiEhang SRBLOANE MO C e oscoguRony
useg g%’ﬁwéé%‘%%i %ﬂ?laaéﬁ?g?at ed[ 0004]  Exerplary VoS
i maging circuits, processing steps thereof, and

BFAE 3RS RAIARS: Bhobr L MEh B0 Rl At e
pixé ey |e%ch bie YPthf @B Hhallinda pABtRdRsorte 8., a photogate,
photoconductor, or a photodiode. Ina CMOS imager a readout circuit is
connected to each pixel cell which typically includes a source follower output
transistor. The photosensor converts photons to electrons which are typically
transferred to a storage node, e.g., a floating diffusion region connected to
the gate of the source follower output transistor. A charge transfer device
(e.g., transistor) can be included for transferring charge from the photosensor
to the floating diffusion region. In addition, such imager cells typically have
a transistor for resetting the storage node to a predetermined charge level
prior to charge transference. The output of the source follower transistor is

gated as a pixel output signal by a row select transistor.

[0004] Exemplary CMOS imaging circuits, processing steps thereof,
and detailed descriptions of the functions of various CMOS elements of an
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Patent No, 6,376,868, U S. Patent No. 6, 310, 366, US.

Pat ent No. 6,326,652, U S. Patent No. 6,204524 and
wah@7/oRatent No. 6, 333, 205, each of which are BESFUSINEE029050

to Mcron Technol ogy, Inc. The disclosures of each of

the forgoing are hereby incorporated by reference

herein in their entirety. [0005] Wth reference to

Fl Gs. and 2, which respectively illustrate a
‘TBEIE eF desiersl fas epwmleain YR SHRtent No.6oH06H, Lbhal

%I\m.&%b'ﬁ,ﬁéﬁ 7.6 0sen F‘éd'éi?ﬂ%iqsge@%;éhét%tqé%’??szﬁ,%ﬁilﬁg.

t he surface of a photodiode phot oSensor

Reket N 6/204 55, pad U, RaRngRBES,843505) dhch BEwRId A¢/NCti on
of,%%g phot odi ode géot osensor 120 (represented at the
agemtthiAMiFon Techalegy dof-oRhe digilosrdol carkiofibe Songbinge

d. el ect hot o- ch
e ek R AL B BB RT st ogi on 122 of

t he photosensor 120. The phot o-charges nove fromthe
i [9083lal WathgeferrmeamFIEs] loamd 2 gitach 2gedively ifitaakd A9
di ffusio E{&gi on 110 vja transfer Eransi stor 106.

YR EORRY SSEEIPIRD e Aoy e B! PP HRixelrel 106
W iadlde |
et TR hked e Bt o R o PR S 2201
ebavtranfwilepaircae gederkied én tiblp-w jumcdon oithsglheaidiode

ransi st qr. 109. [OgFgG*]&hConventi onal CMOS i mager
RpRSTsgRReT 120 Expressntpbaighe PaweARY Phrpcmylation Tegioe 122

a8+ 2R e | fi : nt, fill
f ggt*or , ﬁ%agﬁgggn y egﬁa%eq%%ﬁggﬁ&%ﬁg%%g&&i cated
cobectarhirethtinAgpé aghtmtldicnhagige 1226 ihe photodsnsb ern, THen| y
smal | portion of the cell 100 conprises a

Pg\%‘f* Reymoyoisomdhey mitiglicharsg idseyulatipreragigral2Aden of
ARENP HRhsiGPebichOdo! i 1:30s " B

R et 0 o e BB 0 P il R e
floating diffusion region 110 is typically converted to a pixel output voltage
by a source follower transistor 108 and subsequently output on a column

output line 111 via a row select transistor 109.

[0006] Conventional CMOS imager designs, such as the one shown in
FIG. 1 for pixel cell 100, provide approximately a fifty percent £ll factor,
meaning only half of the cell 100 is dedicated to converting light to charge
cartiers. As shown, only a small portion of the cell 100 comprises a
photosensor 120 (e.g,, photodiode), The remainder of the pixel cell 100
includes isolation regions 102, shown as STI regions in a substrate 101, the
floating diffusion region 110 coupled to a transfer gate 106’ of the transfer

transistor 106, and source/drain regions 115 for reset 107, source follower 108,



floating diffusion teglon 110 coupled to a transfer
gate 106" of the transfer transistor 106, and

WGEoroeies ai n regi ons 115 for reset 107, sour CECT/US2006/029050
foll ower 108, and row sel ect 109 transistors having

and 3 Srlacl T BhiSatott bpyitdgsen i edten ok g% padigge n
th e RN B R bR o BBt Ry
ro SHEEEL AT BRI 07, Y0P AROIEFA PRt oA

shag';rg%a}rtee@trm%gidr& ﬁ@%ﬂ%ﬁuﬁp%g@ﬁiéaﬁt wﬁaéeoaglgg for

ecomnmes I ncreasi ngl'y ant to crea

I PP, 0 crea

eadIREL 4ot 100, BROLASRGATHAL Bintildes Ack 0B DU

tothiPatealtis béébrﬁ_ésﬂi_ﬂ&éa%iﬂr%? iﬁ?@@taﬁ@ﬂﬂéﬂe@@_ Hagh sensitivit%
nonphot osensi ti ve components of the pixél cell i

photoderisors theeiutilern mehiatumenyolrtl geuafaeaardapbr tdfind more
phot osensors. [0007] In addition, conventional storage

effiviehe pixed well Iaygouith catriingnide theisicareqered bylidh- have a
limted anpbunt of charge storage capacity. Once this

photgpsenditiye campeachiesdf the pixedelt 81 drdee o mesintads selatively
efficient. Specifically, the full dynam c range

large atdag ipethegrhatpgensioxel cel | cannot be utilized. Once
the charge storage capacity is exceeded, an

ndesi rabl e. phenonenon,, known as "b] oom ng" occurs,
[(Lm? eby Iﬂ?éi‘flgﬂ?@r cq,rafﬁaépml-st@mneg@éeé’s%lﬁb@&f@aﬁng
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“blooming” occurs, whereby the “over-capacity” charges escape to
undesirable parts of the pixel cell 100 or to adjacent pixel cells. One
suggested solution for dealing with this limited charge storage capacity is to
add a capacitor which is connected to the floating diffusion region 110. The
capacitor is used to store the additional éver—capacity charges so the charges
do not flow to other areas of the cell or adjacent cells. The problem with this
solution, however, is that the additional capacitor takes up space in the cell
that could otherwise be used to increase the size of the cell’s photosensor,

thereby decreasing the potential fill factor for the pixel cells and overall

array.



sol ution, however, is that the additional capacitor
takes up space in the cell that could otherw se be
wWais@d/01a6s$ ncrease the size of the cell's phot oBEnES2006/029050
t hereby decreasing the potential fill factor for the
pi xel cells and overall array.[0008] Accordingly,
[00083r e | Aceondireglyalindrelissi need and desisnkeincieasé ihe fifl dadtor
and storage capacity of inmager pixel cells. Thereby,
and tsherage ahpacitywadrigiagar phieh cejis. shepéby, lbe dmakbenrivansion gain
provide good sensitivity at |ow and high |ight
gates of die imgﬁosmgmdsmmdxwenanvmaatﬂwm g lgglgo] The
present invention, in the various exenplary
condifie@di nents, provides a pixel cell array architecture
havi ng a dual conversion gain. A dual conversion gain
el ement is coupled between a floating diffusion region
and a respective storage capacitor. The dua
conversion gain elenment having a control gate swtches

in the ca ' f [ hange t he
conver Si oﬁﬁg@m\}@om%%ﬁ@&n region from
a first conversion gain to a second conversion gain.

[Ogg%]lor deqpl B ddAfF ﬁ‘%ﬁﬁbﬁ,el eiﬁi%ix%irf%ﬁts e#éﬁp?a(r (?din'iéfﬁs,

conversi on gal n el enent ate al so*functions as

provides Q%Q%H Iaﬁtagi agrgﬁ&g%%% Qldual 9914\9&531@ R A

parti ar enbo venti on, [ dynami c

dual éstgRréibARRIPEIRMdnt i\ERibled beRRbdH S HbRin@VdiffudoR r&8bn
cell having a capacitor- DCG gate conbination; in

and anekpedtiversiaidgaeapacid] Jhemtuap bdxw@si@hga@n plexgdnt having
conmponent s, including the capacitor- combi nat i on.

a coBRIOEEatoESGRNeT :0the(FaphcEamie M tNSSapacitor to change the

conversion gain of the floating diffusion region from a first conversion gain

to a second conversion gain. In order to increase the efficient use of space,

the dual conversion gain element gate also functions as the bottom plate of

the capacitor.

[0010] In one particular embodiment of the invention, a high dynamic
range transistor is used in conjunction with a pixel cell having a capacitor-
DCG gate cbmbination; in another embodiment, adjacent pixels share pixel

components, including the capacitor-DCG combination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]- . The foregoing and other advantages and features of the
invention will become more apparent from the detailed description of
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[0011] The foregoi ng and ot her advantages and features
of the invention will becone nore apparent fromthe
waledoaiolaes descri pti on of exenpl ary enbodi nent s peDUSe6029050
bel ow wi th reference to the acconpanying draw ngs in
which: [0012] FIG 1 is a top-down view of a
exempianyeernbodiaterdhpeovided belasy with oefesinceitethe i s a

cross-sectional view of the pixel cell of FIG 1,
accomgrBjing drRgringhin which: [0014] FIG 3 is a top-down
view of a portion of a CMOS pixel cell array

d d h I d
R S O R T
of the exenplary enbodi ment depicted in FIG 3; [0016]
5. f i th
0058 " 2 RS D oI5 AR S8 ey
alonggggg iqaent of the invention; [0017] FIG 6 is a

view of a portion of a OMOS pi xel cell array
construct ed in accordance with another exenplary

odi At 3 Qf IHEIOIEREWEa ofid @S bket cell
B o B

cui t I agr am accordi ng to not er exenp

arra;ﬁ%}%@ﬂdifﬁﬂ mojccbf@aﬂcﬁ ‘(ﬁ@ﬁ bﬁ Bxen ]en%&hn?éﬂt%f gdimng

di agram of the pixel array of FIG 6 according to
inver@i@i;her exenpl ary errbodl ment of the invention; [0020]
FIG 9 is a block diagramof a CMOS i nager chi p havi ng
an array of pixel cells constructed in accordance with
[000BE | nFE@EL 4 B3y ciandf AR2TdmFdfGEhe 2Remplary Sofitssditrient
di agram of a processing system
depicted in FIG. 3;
[0016] FIG. 5 is a timing diagram of the operation of the pixel cell array

of FIG. 3 according to an exemplary embodiment of the invention;

[0017] FIG. 6 is a top-down view of a portion of a CMOS pixel cell
array constructed in accordance with another exemplary embodiment of the

invention;

[0018] FIG. 7 is a circuit diagram according to another exemplary

embodiment of the invention;

[0019] FIG. 8 is a timing diagram of the pixel cell array of FIG. 6

according to another exemplary embodiment of the invention;

[0020] FIG. 9 is a block diagram of a CMOS imager chip having an

array of pixel cells constructed in accordance with the invention; and



enpl oying a CMOS i mager constructed in accordance wth
the invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON

wQ 0®2Aj61b t he foll owi ng detail ed descri pti on, PCT/US2006/029050
reference is made to the acconpanyi ng draw ngs, which
forma part hereof and show by way of illustration

[CoReF! f i Frembed I8dNedtie d’?ﬁ%ﬁ‘aﬁn bhe grBéfeﬁsé‘M sty be

practi ced. These enbodi ments are described’in

em?ld)fyflﬂlg h €N Odahitiger tonRAAIEE it Be®RdSHdd WRH the il e tidht
0]

practice the invention, and it is to be understood
that ot her enbodi nents nay be utilized, and that
structural, logical, and electrical changes may be
made wi thout departing fromthe spirit and scope of
the present invention. The progression of processing
st eps dSEAILIF DESEMETHON YFOFHEADMENEKIN of t he
i nvention; however, the sequence of steps is not
limted to that set forth herein and may be changed as

[G022k nowrdnithe follovaing dafpiled dessriptioapteferense ismags to the

necessarily o_ccurr{qug in a certain order. [0023] The
accompRE YR ARWingadvhichiorna part heteaiged shevebn was® t o
itugiptig perife RuBPatrnpaonshish thf Avefbornas fpimraeiced

SOS), technol d . .und . ' duct

R e L e S
. f I .a "waf.er" . ter, | h
in (hERF EERCHS TR Lich, SHAPLS oo wRHRSHER Ea: Lflef e

I on, VI OUS pr ocessi

em I ARF Tyl LR, A DR SRR AT oA ket

ase Sem’con
chaitg[renéjiggégﬁ e Madb QHBR Rpartifly fidmh HOdpirit BRd scope of the

ductor need not "be lS%I i con-based, but ‘could be
preb@aafverticn.| TROPHSHERTON B gﬁﬁ;@aaﬁg dfBps@Rbeédibed Br seni de
or other sem conductors.[0024] The term "pi xel," as
exetigsldrihef @nbodinedres of tiee invehtion; ledveswdns thendetjuence 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.

[0023] 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.



cell containing a photosensor and associ at ed
transistors for converting photons to an electrica
w@@naleledor purposes of illustration, a snal|PEUEkm®N6/029050
of representative pixel cells are illustrated in the
figures and description herein; however, typically
[002&) i caflhertenh “piXedl go ustd hatdinyrefdrsito hephmitoelentedtitmit
proceeds sinultaneously. Accordingly, the follow ng
cell gentaining ajpbeiospnsosandsssetiated temsist@usfor norvdrtingt i ng
sense, and the scope of the present invention is
photierts igean elertyicelsighal. dissevapases ofiiHestratbon 5] stalbnumbes
"at an angle,"” "angled," and "Eégnted," as _used herein

of represerjahisc pwd colletiedllisiraiedin e Heusnandeseriphonn
herdiRaBoVgFa AR GOTERHER o 2SR Eg By g ke pixel cels
ProfG B sUREE i OGP IS, HedRLANGNS S Fied desbtion is
rot e Bkerii a SRRkt i PRETOEE Fine ARl avenfitn ¥
deﬁ%%hrbtn'l %g%g%gﬁglg%éc{}n&g e'é.on generally relates to a

dual conver nent gate functioning as the
bottom pl ate of a storage capacitor in a pixel cell.

[oggq Cap%iettgfmi efefe&ﬁhaeﬂr@e}' wg:;gzaeae' A “SRRIRE” 58Rasd tY

he pi xel cel nee . The dual conversion

her&idi e (PPEIn@H Rt TR RRAINENA anyFH1H 8L HR _&éﬁiﬂé@@tdl’%irﬂl@

providing a wide dynam c range " for the pixéel cells.

statddl @efefteiatpoint, ¢hards Aot baietlprparallid Hragaedy ]‘péif diguilxe!
ac

array architecture that increases the fil tor of

Acomrdielgly, ebhen apottien af amypbjetharahsomparefeceterpaintumdentont
of the invention, a high dynam c range transistor

formdDR)ngle thetdsinoh0% 80, ond B0 thevbhjhctds gomsitexsel Tangled, hig
a capacjtor-DCG gate conbination; in .

“at an angle,” or “slanted” with respect to the reference point.

[0026] The invention generally relates to a dual conversion gain
element gate functioning as the bottom plate of a storage capacitor in a pixel
cell. The capacitor serves to increase the charge capacity of the pixel cell
when needed. The dual conversion gain (DCG) gate improves the light
performance while providing a wide dynamic range for the pixel cells. The
inventive combination provides an efficient pixel array architecture that
increases the fill factor of pixel cells in the atray. In one particular
embodiment of the invention, a high dynamic range transistor (HDR) is used
in conjunction with a pixel cell having a capacitor-DCG gate combination; in

another embodiment, adjacent pixels share pixel components, including the

capacitor-DCG combination,



anot her enbodi ment, adj acent pixels share pixel
conponents, including the capacitor-DCG

w@ooenionass on. [ 0027] Referring to FI Gs. 3-4, onECT/US2006/029050
exenpl ary enbodi nent of the conbi ned capacitor-dual
conversion gain elenment gate is illustrated in

[Gozynect 'IPé”feMﬂ@t@F]?@é/\@% %hé@ﬁ&npl%?'en%édiﬂiént@%e
top  down view of a substrate contai ni ng the pixel

combbineticap4&ifor-guhl donsetsidre gainreléhent Zateds dlustritéd in
dlagramof t he pixel cell 450 of FI 3is illustrated

corinecfibiwith a Aswap eharedrpikéelirchit 450. A k@ dowrcvietv 3D
conpri ses portions of four pi xel cells 450a, 450b,

subsf@de catfithing ltiee pixelisircut 480 shHustdatpdyir(FIGL 8C Wi diretfd
al so includes a shared dual conversion gain (DCG

diagramsif $he pixed 6¢ll 45patFiod id @8 stratedin Fianki As showhdn
source foll ower transistor 412, row sel ect transistor

FIG) g4 thespiate} ¢inauit #2)) epmprisesoportions oh farorpixpkcedis 450 <50,
below in npre detail, the gate of the DCG transistor

4504:065% sthesitlustratedsshared piel girgnit ¢5Q alsgdneludss asbgred

o ORI st St
S S
a1 R aflBoRs st BRd e %wlﬁﬁrﬁfa% Sl aRRsL i hcs

I I f th
aflyfBt AR RRLNs K e Cethe RS0 o r ccei v

a fi rst row high dynam c range control signal HDR <0>.

t hereonid ?mecl'clﬂ 2504 Rz o Hrst gﬁswéﬁﬂsoﬂimaHDR
tranS| stor 418 or some charge to be drai ned

(illaywated =28 A pltoflie) So1BRfird Chargd 987%9¢r thhRsibtok 916a. A

" transfer transistor 416a is connect ed between the

first higit dynamic range (HDR) transistor 418a may be part of the pixel cell
450a if desired. The first HDR transistor 418a is connected between the
photosensor 401a and a pixel supply voltage VAA_PIX. The gate terminal of
the HDR transistor 418a, if used, is connected to receive a first row high
dynamic range control signal HDR <0>. When the control signal HDR <0> is

received, the HDR transistor 418a allows for some charge to be drained away

from the photosensor 401a.

[0029] The first transfer transistor 416a is connected between the first
photosensor 401a and a shared floating diffusion region 400 and is
controllable by a first row even transfer gate control signal TX_EVEN<0>.
When the first even transfer gate control signal TX_EVEN<O> is generated,



phot osensor 40l1a and a shared floating diffusion
region 400 and is controllable by a first row even
wao e@nei@ass gat e control signal TX _EVEN<O>. \WhenP@11€S2006/029050
first even transfer gate control signal TX EVEN<O> is
generated,the first transfer transistor 416a is
the ficsti tvartsbet twdmisistonttlaans actizaigd whishnalloevs dhasge from the
phot osensor 40l1a to flow to the floating diffusion
first plyvtosensoo 401 D8P wthdhe dlvativg sliftesion ekgionst®0. i ncl udes
a second photosensor 401b (illustrated as a
hot odi ode), and a second transfer transistor 416b.
[@é@bnd mbﬁswmpgqebﬁelhﬁlb inglpdss aﬁswmbphpmepwe%lb

cell 450b desi.red. The HDR transi stor 418b i s
(illussatedeey pb %ﬁ@ﬁe)v gad @rﬁ@tﬁ%@t@aﬁ ex irapsisier 416k @) regond

HDR Edaspp 18 ey ite nashng B eebob sbdesied  Hia Hrlk,
trarbigtos S1ERGR gﬂavecr%%bsﬁgéérﬁh}e&}&%%e&m 4 g Bt
supphp feliac R A dTR. T8aes iR iaha R g6t
conhp@R3 k9 LSRR o FINAThER RIIBROnbOF RGP
<0>! §ERAD ORI sichal PTHR QDb ?%er%ell%d Aol &a{sﬁtemﬁw?uows

transfer gate conhtrol signa When t I rst

sor{e0M 98l td hbaasdiged qaﬁag 26l the h%lt&éakorﬂi@lmw i's
generated, the secon transfer transi stor 416b is

activated which allows charge fromthe second
[00B0] oseTherseddhibtrinsfet enantigtdriie41idoistcongected besivedn the

regi on 400. [0032] The third pixel cell 450c includes
secand phospmsmrdddhaond the shared flosdingadiétisiom mgion 400 and is

phot odi ode), and a third transfer transistor 416¢c. A
contrioflablleflyra tirgimonsedd transter gate oty sigrel TXLOTIDEt.

ceI | 450c if desired. The HDR_ transi stor 418c is

Whep e firss goweadeb iransies spirtansiod sigmal EXcORTX<PHis gengested,

the second transfer transistor 416b is activated which allows charge from the

second photosensor 401b to flow to the floating diffusion region 400.

[0032] The third pixel cell 450c includes a third photosensor 401c
(illustrated as a photodiode), and a third transfer transistor 416c. A third
HDR transistor 418c may be part of the pixel cell 450c if desired. The HDR
transistor 418c is connected between the photosensor 401c and the pixel
supply voltage VAA_PIX. The gate terminal of the third HDR transistor 418c¢
is connected to receive a second row high dynamic range control signal HDR
<1>. When the control signal HDR <1> is received, the transistor 418¢ allows

for some charge tobe drained away from-the photosensor 401¢.



supply voltage VAA PIX. The gate termnal of the third
HDR transi stor 418c is connected to receive a second
w0 ow7kigbs dynami ¢ range control signal HDR <1>PCEAS2906/029050
the control signal HDR <1> is received, the transistor
418c allows for sone charge to be drained away from
[0038§ phoThs éisd tratsfee t{3833r iF4a6¢ isiconnected Hetween the
transistor is 416¢c is connected between the third
thircb phbt(mnsan 4010 boddhd shedsteating diffvstionegiod 406 awd is
ion 400 and is controll able by a second row even
contlr hledoyst scogdrewctrenroiw tiansier gake @uink signalen t he
second row even transfer gate control si gnal
TX_EXEiNAIR Whes thesesoadaow evan Eansfer gatasontol sigaaki st or
416¢c is activated which all O{qﬁq chargqe fromthe third

TX_BNENsleris genaaded, the fhisd, tragstes dransisiern Hgcds wtu@t%

regjon 4 [ 00 The fqurth pix 45 cludes
whigh alaveis 5%%@@%@&61@1 PISRSeE ?@@é&@ floating
diff hotodlode!)[p and a fourth transfer transistor 416d. A

ransi stor 418d may be part of the pixel
cell 401d if deS| red. The fourth HDR transi stor 418d

b Rtlcr" oAb BT Rt ARG 3R B OB R,
B AR B é*?%ﬁé?%%ﬁ%*?ﬁ%ﬁgﬁt‘" A 2R tBy
HDRWEhsidi6r £10 Magﬁb% bt ﬁ@%1§é1>cens4maq€aa§féd iR fourth

transi stor al r sonme ‘charge to be drai ned away

HDR tfRsidiSr PIT Be6RA&ded %ﬁwe&m&@h&b@eﬁs@wwm hhauss er
transistor is 416d i s connected between the four

pixebbappBevsieige/VAd_2NX. The gabateethifdladthe (oudith HISRon
regi on 400 and is controllable by a second odd
tranbistors£18d igavenedted totecsivgresecdd GOBLigh djramic range
control signal HDR <1>, When the control signal HDR <1> is received, the
transistor allows for some charge to be drained away from the photosensor

401d.

[0035] The fourth transfer transistor is 416d is connected between the
four photosensor 401d and the shared floating diffusion region 400 and is
controllable by a second odd transfer gate control signal TX_ODD<1> When
the second odd transfer gate control signal TX_ODD<1> is generated, the
fourth transfer transistor 416d is activated which allows charge from the

fourth photosensor 401d to flow to the floating diffusion region 400.

[0036] The capacitor-DCG gate combination 408, 406 is shared by all
- four pixel cells 450a, 450b,:450c, 450d. The capacitor 408 receives a supply
voltage from the DCG gate voltage. The floating diffusion region 400 is

10



the second odd transfer gate control signal TX ODD<1>

is generated, the fourth transfer transistor 416d is
wa@ednreatiesl whi ch all ows charge from the fourthPCT/US2006/029050

phot osensor 401d to flow to the floating diffusion

regi on 400. [0036] The capadtor-DCG gate comnbi nation
cond€&&ed 40 6he drainafdbe PLCGkanbistor 406x dheselike dfiba DAGOD,

450c, 450d. The capacitor 408 receives a supply
transiatonds israomneptedbothe plade obtheagpacitonedds. ddie foyr

di ffusion regi on 400 i sconnected to the drain of the
photioenspravd(le; 401y d8lc, #9kd sady sharep gateofibe transfel st or

06 is connected to the plate of the capacitor 408.

traréiﬁéox slha, Ahoh ddenddpd with adjagentpixalsiowavar eade h
PSSR 85 ST A 30 Rt i1,
416§ MRE; o Shacht Bin Pl of Mo potiing Eiowaratitor i
confififi o he el FhiRiatpely volkias A B TR S slesy
PO RSB Bl R o
coh%{%g 1fhe® Cﬂ'gat:bﬁrbfltgg ﬁ[%ﬁ%sﬁg?fs NgstiRshT @1’93%," ftﬂ%}%‘lua?‘% Q%ierain

b, 41 share a ain contact.

confiRt et dhidald bR Hat S HP R Lrandidfas 49480184 e, 4k&d

are optional conponents that are not necessary to

are Ppa6hhLerhPenérits €hdt 28 not H8Ebarye previadtthe enwintidie
capacitor- gate conbi nation 408, 406 is its

ef ficient use of space. As noted above, the DCG gate
[0DaFkt | of3nelfdvatagdef thetdapatiphralD€Dfateventdpaiion 408, 406
408, which reduces the need for fabricating two plates
is its effidi¢ret wsepafcipror. A98otddoaiRsle, tedDCEsgate funetiorst496 a$10
i's connected between array pixel supply voltage VAA
the ppitoanplate ef theapieaigort s udiidnreditgies theyaeed fmgabrlcaﬁng

capacitor 408 is
two plgtes for the capacitor 408.

[0038] The reset transistor 410 is connected between array pixel supply
voltage VAA_PIX and the floating diffusion region 400. The capacitor 408 is
connected between the gate terminal of the DCG transistor 406 and the
source of the DCG transistor 406. The DCG transistor 406 has the gate
connected to a dual conversion gain control signal DCG. When the dual
conversion gain signal DCG is generated, the DCG transistor 406 is activated,
which connects the storage capacitance of the capacitor 408 to the floating
diffusion region 400. This increases the storage capability of the floating
diffusion region 400, which is desirable and mitigates floating diffusion
leakage problems. As set forth above, the pixelsxcells 45‘0a, 450b, 450c, 450d

11



connected between the gate term nal of the DCG
transi stor 406 and the source of the DCG transi stor
wae®7/0Td1e8 DCG transi stor 406 has the gate connPCTL/Es2006029050
a dual conversion gain control signal DCG When the
dual conversion gain signal DCG is generated, the DCG
share thewsdwre folknger gangistiov 41 desakfiansi epdirpw select
stora?zﬁ capaci tance of the capacitor 408 to t

h
trangistendihoEach raneish sriaflsn 4ob, 4hae ¢led, t:raeafgé%clfaﬁse to
the shotzd APHENS AU HeRen AQBFeEIan iRJRRNGRDLE OF FoRoMs
photipeiet: Bia SH5H0LA TindoriS s B0 Seb B
aong b pREf ety Tl 510 abLd B HShein GhhaSffe”

Al6c, .416d t f t d floati
shor A ombBR R o BCAE, 1 B Eoblffld B
ate%ﬂﬁtcgﬁgg’?cﬁrﬁ’la 01a, 401b, 401c, 401d. This shared pi xel
gate a8t arfangenent allows for

each photosensor 401a,
401b, 401c, 401d to remain large due to the sharing of

[odggm ngg%&gﬁg@é mBddimeht Qesdived MR 2961chbe

nd capacitor plate. [0039] In the

portRREsMtha anR R QeitaB 16 gqe;s gy hdresh abave edak wigRSéspet to
portion of the transter gate 416 (FIG "3) has an

the pHtgbschseH00 14} 4011, 46p6 aD1d OFbhexaphplepgtttsrfercASd t FIG.
401b, 401c, 401d. For exanple, with reference to FIG
3, thdsidebef gialransfer ghtestdl ansiiiéb, 4jbtekl 6dl6a shéhibas Heifig,
416d are shown as being slanted, which allows for a
slantiedy whictphldews éorsa targed photosdrisor 401a; 40210,1401c7HI1sl. Jings ed
geonetry of the transfer gates 416a, 416b, 416c, 416d
angled geomettyrofthe dramstercgates Hipe 41655 414re416dalows fopares .
n additign, this angled_l gé&ut is .also beneficial in

|
efficieni fariopt R thiransier spiest bp additione this aegleddnyouts alsgy

beneficial in %r{a%rrﬁzing the fill factor of the pixel cell 450, by maximizing
the area of the photosensor 401a, 401b, 401c, 401d for each pixel cell 450a,
450b, 450c, 450d.

[0040] FIG. 5 is a timing diagram illustrating one exemplary operation
of a portion of the four-way pixel cell 450 illustrated in FIGs. 3-4. For clarity
purposes only, the ﬁming diagram illustrates the operation of the of the first
pixel cell 450a. It should be noted that the operation of the circuit 450 would
repeat the following steps for the operation for pixel cells 450b, 450c, 450d.
Since the operation of the remaining pixels cells 450b, 450c, 450d is
'essentially the same (with the below noted exceptions), a detéiled description

of the operation of pixels 450b, 450c, 450d is not provided. FIG. 5 illustrates
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the area of the photosensor 40l1la, 401b, 401c, 401d for
each pi xel cell 450a, 450b, 450c, 45Qd. [0040] FIG 5
WO 2008014168 ng di agram il lustrati ng one exenpl arBCT/US2006/029050
operation of a portion of the four-way pixel cell 450
illustrated in FIGs. 3-4. For clarity purposes only,
the rave seleai signaliR(gWaas beingsoggledshighanddewadti centadrt instencek.
_the first pixel ceil 450a. It should be noted that the
Thisogeetenl isrgnagi& ansiveiqrelow. Usboubslbelapprseited Heatftberowi ng
steps for the gperation for pixel cells 450b, 450c,
selegmignal §AWecauld repwin eppheduring albthaee time pesieds Ty, Tp,
cells 450b, 450c, 45Qd is essentially the same (with
Tq, if Hesibad.ow not ed exceptions), a detail ed description of
t he operation of pixels 450b, 450c, 45Cd is not
provided. FIG 5 illustratesthe row select signal ROW
[0a41]bei rphé tigghg diih%@h’n dhebtiatey trecperticd T, By, a&c Suring
This control signal is active on low. It shoul d be
the BRPHA BéF6UY Tg,aﬂ‘tetﬂ?o% 5&18¢ tR@WQ@%Egr_ Jé‘%l:% gate_lpf

remain ‘applied during all three tine |p|
the TR e tor PP LS i Ract RAVATHE Yo i
be aPpdfled tdt HIRE 5110%h $8h ATy EHAle HMELS af ik O

e gate of the row se shown as

immideédidl vikdth¥Ra bpMal s fuGtraldd ad Beith attick RRv 8P Bioga?ﬁﬁmﬁ

that FIG 5 is an exanplary timng diagramand that it

5. AlbthabDdeguiral tolpehitede theshedittlon 8 fof tHesillugtratkdosighalitoy
active lowor highin FIG 5. AUhat is requiredto

actiyutathe canporentrthestgred is corfteollinge i1l ustrated signal
to activate the conmponent the signal is controlling.
é0042] Wil e the row select transistor is 414 is on,
[09428 11 oWtileghdirevissient tramgistor i4@04 &f on, libe floathg diffusion
.450 is reset by asserting the reset control signal
region 400 of the pixel circuit 450 is reset by asserting the reset control signal
RST (shown as being active low in FIG. 5). This causes the array pixel supply
voltage VAA_PIX to be applied to the floating diffusion region 400 (through
the reset transistor 410). The DCG gate voltage is applied to the capacitor 408
by activating the DCG transistor 406 (pulsing of DCG). The reset signal
voltage Vrst associated with the reset floating diffusion region 400 (as output
by the source follower transistor 412 and activated row select transistor 414)
is applied to a column line connected to sample and hold circuitry 265 (FIG.
9) and then sampled and held, for the first pixel cell 450a, by the pulsing of a

reset sample and hold signal SHR.

[0043]  During the second time period Tp, charge accumulating in the

first photosensor 450a is transferred to the floating diffusion region 400 when
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RST (shown as being active lowin FIG 5). This causes
the array pixel supply voltage VAAJ | X to be applied

wa o00vkes168 oat i ng di ffusion regi on 400 (throughrP@©S2006/029050
reset transistor 410). The DCG gate voltage is applied

e AR S e o S LV BRI S T
S N R A
pixel Sl Goleé e Yoielchnade bl wih R si Binel el optel vy
signaf faige e indhe oo SO BR 1885 Bt an affout i b
sourd%q’bﬂg 19 DA o} 4 %%@Act@é&%cﬂ%ox&??lg?@%ﬁﬂgsg& g4 RE" 1 0Od

arge accunu I'ng 1 0sensdr 450a

applibd tb LAGHANA &sm@&%a&bgg%ﬂ%s aflliHolg kﬁpufsngg%ﬁ(ﬁé%)

enthe first even trans ate contro
B O e POl e igha
SHS.416a. The pi xel signal voltage Vsigl associated with
the first pixel cell's 450a pixel signal charge stored
in the floating diffusion region 400, as output by the
[0044Jur ce Todhtiwase tHerchnsges storagklpanity of the pixeticdlD480a, the
select transistor 414, is applied to a columm line
followingeperations asmpeiened dooing the thind ttinge péGod AIGIO) and
then sanpled and held by the pulsing of a sanple and
shoulddbelnpiedethas ﬂ'ga”f@lloﬁliﬁ%] thie@ 4ihe peribd di.@ppeatidits whnbge
storage capacity of the pixel cell 4§Oa, the follow ng

erfoPRRHALE @DEryRreRdBeF b9eraBEn G#onhe wiHed Adaided tb a¥BidPelel od
P Tc . It should be n%%ed ?hat t'he foll ow ng tahilrd teirre

over gEpdcits conditer dedceibedmbyve€i.@ewhennB@dnt@lleeve lil.’ﬂaﬁe
readout operation or only when needed to avoid the
processor determines that the amount of incident light will result in the

floating diffusion region 400 being saturated).

[0045] During the third time period T, the dual conversion gain

control signal DCG is applied (shown as being active low in FIG. 5). This
causes the DCG transistor 406 to become active, which connects the floating-
diffusion region 400 to the capacitor 408. The charge within the floating
diffusion region 400 also flows to and is stored in the capacitor 408. The first
even transfer gate control signal TX_EVEN<0> is applied (shown as being
active low in FIG. 5) to activate the first transfer transistor 416a. The
remaining excess charge from the first photosensor 401a is stored in the
floating diffusion region 400. The new pixel signal voltage Vsig2 associated
with the excess i)ixel signal charge stored in the floating diffusion 'region 400,
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over capacity condition described above (i.e., when a

controller or image processor determ nes that the
wa@pemanieled incident light will result in the fPOEHUSI996/029050

di ffusi on regi on 400 being saturated). [0045] During

the third ti rrefperi od Tc, the dual conversion gain

as owlptit by|the isguede fDhoves trappistardt12 ehevactivatastiaw selecti ve

lowin FIG 5). This_causes the DCG transistor 406 to
trangigen dd4.de applied ip penlupn diserconnaeted to samide and hodd on
cre R 0 bt B 2Rt el e R ot
oy St e BRI R e B P e

bei ' in FIG. 5 tivat he first
e B Bl bl K SR 5k i bl S

fi he first ,phot 401a. i t din th .
samphigpprtatary iR Fegrom pont el fudl finaath opfregsion

. vol 0o e : Cvel si

gein R gy JAS VRl P RE TRRANED, tiche HEPRRRER TR B8 oL
to igHhPEBX dri?fsch U Bf bPldRIedsbR D80 Bl RlisdtliddlOd or

row select tr iI'stor 414, is applied to a

only GRleWFthb ithe ﬁ?ﬁﬁ’l@fés@i’e&&i, $8APEGed B Reh i GHialeY 265
(FIG 9) and then sanpled and held for the first pixel

procggokzgﬁ,Oa by the pulsing of a third sanple and hol d
pi xel signal (active high) SHD. The three sanpled and
hel d signals for pixel 450a may then undergo a

[0CGet6t r el afledoperations graihenatpedted dootticalemdihiegasikels 450D,
pi xel signal |evel for each conversion gain (e.g.,
450c)\45ds \I§ slgdulainiok Motetl-thial fg2 the Thesining pials450iy 4500 B50k
converted to digital signals and sent to the imge
the sprecepstationgwatild egetreexcept that the transfpr gates 416k, Hd6¢,wo

signals is selected, converted and sent to the imge
416dqurg centgileddry t%e transfer gate control signals TX_EVEN<1>,

TX_ODD<0>, TX_ODD<1>, respectively.

[0047] It should be noted that if HDR transistors 418a, 418b, 418c,
418d are used in the pixel circuit 450, then the high dynamic range control
signals HDR<0>, HDR<1>, for the first and second pixel rows respectively,

. would be applied throughout all three time periods Ty, Tp, T to ensure that

the HDR transistors 418a, 418b, 418c, 418d remain active during the readout
operations. This prevents blooming and other phenomena from occurring

during the readout process by draining some charge away from the

photosensors 401a, 401b, 401c, 401d.
[0048]  In another exemplary enibodiment according'to the inverition, a

non-shared pixel cell utilizes the capacitor-DCG combination. FIG. 6
15



[ 0046] The operations are then repeated for the
remai ni ng pi xel s 450b, 450c, 450d. It should be noted
wo b@v/oiass t he remai ni ng pi xel s 450b, 450c, 45CACT/UR®06/029050
same operations woul d occur except that the transfer
gates 416b, 416c, 416d are con ?1%5 d by the transfer
ﬂlustg%tﬁ%aé@mdpa«rn ¥ieynaf an imagsypixgheelt Driscer ing toihie

e RREE L oL i eb S 7 BB DS ity ttf;?%plxell
celt 5B YsptEe @b SIC S RIGE B4 itk o WA G LA eﬁ?ﬁ{s‘%fx&
revif P PRSI M R, L e suehat Al
selecgtrrgﬁscikf%#%ﬁ éga]g%fext‘ R8st ?]5% ané%sﬁﬂrée revenet?'ciﬂé}\é?stor

he re operati ons oom n

512. Ad r@é&kﬁg tPgﬁlg Qﬁﬁﬁﬁmﬁﬁo@g{e‘}%%? tEéﬂ’sttQi“?i@ %W‘&lé& adOUt

pr ocess

transm&t PEEURL rs%uf‘&]{%vllo% Qraré%%@r 51304 %ca&@c@ frﬁ}:reil_g to the left

anoliier exenplary enbodi ment according to

of thé PUERIskRSbr 501N TMeSpasteskrizbi 801 alonnetteti ta@hie HIDR
capaci tor-DCG conbination. FIG 6illustrates a top

transiden518 avd tle @ansfengansiptordil6 c The tbl3faaeaigiitog51®is
this enmbodi mrent of the invention. FIG 7 illustrates a

contiollableiby abagsfemghte cdriteolsigredl Toe| WhehGhe lsigred [sat ed in
FIG 6. FIGs. 6-7 depict a six transistor tru
genepited/ thh dnansterdDC@sistan 81 G rensfetthedbrrge eolkickd
reset transi stor 510, row sel ect transistor 514
Photweaﬁ@w 201 tor thedloating diffesiomdreginn 5. fEhe g@teroftthemrse or
. The readout trunk, co Hsu;\&é} e reset .transistor
f°110‘5’§t)tfa%‘\#<§f§18é% conngried fpinedhoati sinEegion Pt
ns r.5 slocat | at eral | theleft f t.he
sourcsl S5 BrdninReh the pb e forlguik Sisistar S12 18 ganbecte tp e
array plxeﬁsupply voltage VAA_PIX. The row select transistor 514 is

connected between the source follower transistor 512 and a column line 535.

[0049] The reset transistor 510 is connected between the floating
diffusion region 500 and array pixel supply voltage VAA_PIX. The reset
transistor 510 resets the floating diffusion region 500 before charge is
transferred by the transfer transistor 516. The DCG transistor 506 is between
the floating diffusion region 500 and the capacitor 508. The gate of the DCG
transistor 506 functions as the bottom plate of the capacitor 508. The gate of
the DCG transistor 506 is connected to receive a dual conversion gain control
signal DCG. When the dual conversion gain control signal DCG is
generated,,ﬂle DCG transistor 506is ‘ae‘tivated Whiehlco:me'c'ts the floating
diffusion region 500 to the capacitor 508. Asin thel prior embodiment, one
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transi stor 518 and the transfer transistor 516. The
transfer transistor 516 is controllable by a transfer
w@aiog/ooass r ol signal TX. When the signal is gePer/asmde/029050
the transfer transistor 516 transfers the charge
col |l ected by the photosensor, 501 the floating
plateipfrthg spparitos OB & @e@therﬁ@tegéttge Qéé s iteR06G 81 ower
transjstor 512 is connected to the floating diffusion
receiyggolia orvihis gt Srlreh Ssnainr Fg DL HRBSSiH08

foll ower transistor 512 is connected to the array

BECL, P b B RE S g BB person
ot 181580 ERRLRL PR LR e
T T L
om0 B R s 98 SELPL RSB Rrones
e 5 280 EES OSBRI PR IR R, oo
T

. t . dual 0N 0AL D, |
SRS Bt e gy
pracBtOfR inPeRidiisI8R %@ﬂ%tra&é@c@@@ltsﬁ%gﬁ'té hefivaR8hé S

activated which connects the floati di f fusi on region
Comﬁ&qgr{tqhé@i%ngp{g@@hw' )8. As in the prior enbodi nent,

onepl ate of the capacitor 508 is also the gate of the

DCG transi stor 506 and receives voltage fromthe gate

[005ant r ol The fipringf diffuistom fagfon 5@hef tteqrix&l0@ll 5005 Hdsefb .

8is atimng diagramillustrating an exenpl ary
assentigy tieireset @bntrobsighaleRST ¢8Hoves s beingsaatiaredawiin HEGGB) at

6-7. The timng diagramillustrates three periods Ta ,
the sgme time. Thirdanges e arraspel sepplyrvadtnged/ AAL REX tohe

sel ect
applied to the floating diffusion region 500 through the reset transistor 510.

The reset signal voltage Vrst associated with the reset floating diffusion
region 500, as output by the source follower transistor 512 and activated row
select transistor 512, is applied to a column line connected to sample and
hold circuitry 265 (FIG. 9) and then sampled and held by the pulsing of a
reset sample and hold signal SHR (active high).

[0052] During the second time period T}, charge accumulating in the

photosensor 501 is transferred to the floating diffusion region 500 when the

transfer gate controi signal TX is asserted (shown as being active low 1n FIG.

8) arid activates the TX transistor 516. The'pixel signal voltage Vsigl

associated with the pixel signal charge stored in the floating diffusion region
17



signal ROWNis applied to the gate of the row sel ect
transi stor 514 (shown as being active lowin FIG 8).

w0 ooghoubgl be appreciated that FIG 8 is an exetmpisz96/029050
timng diagramand that it is inmaterial whether a

signal is illustrated as being active low or high in
500, dsldatpt blthe sduate fallaveepitrangistoo SH2 avtiactivated romw sgledton
is for the illustrated control signal to activate the

transistorpEide ist appiedsiognenluing limneorgidctedyto $aaaple]arithizold
floating diffusion region 500 of the pixel cell 550 is
circuites 265 G:glGaQ)smd they sampled sad hddibyothegndsing atemapmpiown
as being active lowin FIG 8) at the sane tine. This
and hedd pixelisignad SEB/(agiivehighlppl y vol t age VAA PI Xto be
applied to the floating diffusion region 500 through
the reset transistor 510. The reset signal vyol e
0088k a3 SdRemRpRRG RIS RORABEAAPACER OF SEE Bl el 8 e
regi on 500, as output t.he souyrce foll ower
follovy fifh Sperations 35 Setitniad Yutids the 8 st PRRfTos dbr
512, is applied to a columm |ine connected to sanple
shoulshioe neted ti\at the fogwing third Gmepetiad Latneration @@%a
held by the pulsing of a reset sanple and hol d signal
perfosrRd(fat every teadomt opaeton obwnlnyhenenesdedrta avoidkthe
period T charge accunulating in_the photosensor 501 is
over caparifyesondition desesibed sdovadg-ali whesiagientwdies o 5megahen
the transfer gate control signal IX is. asserted.(shown
ProCegg0aRtREMHRas; tflat frevamoppy G m eahlf}é‘at‘vfﬂ@a%%%t Wég

JIXtr.ansjstor, 516., The pi xel signal voltage Vsigl
ﬂoatlggsc{; S8 qt ec‘ﬂ%%ﬁ“%%ﬁégsi gnal charge stored in the

floating diffusion regi on500, as output by the source

1005Fh e Bt B iRl B i BB RUEBRGE
RN TR C TR E R TR UG L SN
causes the DCG transistor 506 to become active, which connects the floating
diffusion region 500 to the capacitor 508. The full charge within the floating
diffusion region 500 also flows to and is stored in the capacitor 508. The
transfer gate control signal is applied (shown as being active low in FIG. 8) to
activate the transfer tfansistor 516. The remaining charge from the
photosensor 501 is stored in the floating diffusion region 500. The new pixel
signal voltage Vsig2 associated with the pixel signal charge stored in the
floating diffusion region 500, as output by the source follower transistor 512
and activated row select transistor 514, is applied to a column line connected
to sample and hold circuitry 265 (FIG. 9) and then sampled and held by the
pulsing of a third-sample and Hold pixel signal SHD:(active high). The three

sampled and held signals niay then undergo a correlated sampling operation
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and hold pixel signal SHS (active high). [0053] To
i ncrease the charge storage capacity of the pixel cell
wGa®;7/01d168 f ol | om ng operati ons are performed deCT/ORDEIE29050
third tinme period Tc . It should be noted that the
following third time period Tc operations may be
to optain dheractunbpixel sigpakleveldeg. d¥estay sigh), dWrsmVslgﬂhe As in
needed to avoid the over capacity condition described
the fissheanbadiment,prsh of thesignalsinaay be cpnﬁg@ecé te digitrd signals
determ_nes that the anpunt of |nC|gent ght w |
andrsentifa therimage prosessPhé8Uor Poky ofe p gr%hv% éi&ﬁ‘@ls may be
satu at ed. 054 Durln the third tine _period Tc, the
selegied) fox soReR %%\ﬁljg%mté% §15Mags GFgessenE was appl i ed

(shown as being active lowin FIG 8). This causes the
kel 11 o Ssih??t bR P DA BOHES bR RO B 2Er o1

pixilafienh Bocten e piER b idiaeg COl‘or Lyttt HiR Wﬁd be

app‘ﬁ@ﬁ Qﬁf({}%hoh g\%}]l tg‘}@ebtrélﬁlg g’%glgtﬁls ggf H %18&% %@H the$IDR

e s T

Pho& SRR b LB R otk el sl gnal ohar ge

stored in the floating diffusion region 500, as output

[d%v; he gqd &ﬁfelfs@ﬂdcﬁﬂ%ﬁ dEf,&ib%HSaIBUve%g pRdoARk YRhed

sel ect “transi stor 4, is applied toacolurmllne

sub§t%.‘tré€1£s‘iﬁgjkﬁ6w§ﬁﬁ@&@>d§fdﬂ tﬁ%{ét&ﬂ fabHcAtion ESforfria  9)
and then sanpled and held by the pulsing of a third

trarséfPlsasaidctibédihpietein Segmabodiedldayoms iltughated TREIGs. 3
three sanpled and held signals may then undergo a

ando®orTied phetdsemsyrs 10y, dHy, d0ilod0ddpbllacan béforavid.ad any

pi xel signal level (e.g., (VWrst-Vsigl), (VWrst-Vsig2)).
suitable photosensitive structure for converting light photons into electrons
(photo-charges). In a preferred embodiment, the photosensors 401a, 401b,
401c, 401d, 501 are pinned photodiodes, however, they may be formed as
photogates, Schottky diodes, or as another photo-sensing devices compatible

with the invention.

[0057] FIG. 9 illustrates a block diagram of an exemplary CMOS
imager 300 having a pixel array 200 formed of pixel cells constructed in
accordance with the combined dﬁal conversion gain transistor and capacitor
embodiments described above (i.e;, pixels 450a, 450b, 450c, 450d (FIG. 3),
pixel 550 (FIG. 6)). Pixel array 200 comprises a plurality of pixel cells
arranged in a predetermiried number of columing and rows {not»'shown) o
Attached to the array 200 is signal processing circuitry, as described herein.
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the first enbodi nent, both of the signals may be
converted to digital signals and sent to the inage
w@emcesdes 280, or only one of the two signal SPOEHYS1966/029050
sel ected for conversion and sent to the inage
processor 280. [0055] It should be noted that if an
The ppRl cellsrogieaclorow s armylRdaivbe simulianebusliyroperatefisand
then the high dynanm c range control signal HDR would
the pivelgplls Dfe‘tﬂﬁg e selertively sutputiey pespective TalumiTj |
to ensure that the HDR transi stor 518 remains

selecagl Pye S qIVTAgY PhEowRadpeolmndinestare propisies fios ke ertites
arrawE@é oTTovk Bt Fi Selechlog bt ASaiatedh by & Houy aer BH0Y 1
resp b AP eSS SNt 120+ The oy Lidh géléé‘tﬂié%arp@s@cuvely
activififley'a st “eéﬁl?éﬁﬁémre&ééﬁées%c'fb&ﬁ%ﬁ shdgcodssz7t
e BRI B 1 g

(phot o- charges) In a preferred enbodi nent, the

[OU?Bgt 0s f['i‘%‘t‘fl\?’ldg)i \fgee‘f%B s é’]géﬁtecﬁgyl?m ﬁﬂ-éng raﬁdpdoﬁ%‘i'

t od howe

cm@mmoa@ﬁ&ﬁcor%l@ba&yes@ 'dé@@&ersQQO a7 090 sbREting the

p hot 0- sensi ng devi ces conpatible with the I nvention.

apprbPBiatd rdv fnd Qolurhil fihed (ﬁ‘%)lﬁelﬁ!eéébuﬁl B 8ont8d1 @feuit 250
exenpl ary CMOS i mager 300 having a pixel array 200

also tatneld tid rqvr ¥at cohitha drinstdreatter210) 260sach ahgtethesd h
t he conbi ned dual conversion gain transistor and
apply alpiwing woltagasddithe driyvedemwisttrshfehe geletiederow pndel s
450a, 450b, 450c, 450d (FIG_ 3), pixel 550 (FIG 6)).
columpisiesaThepbgd gobompisigreds, aviiich typicelly biclpds elpixireset
signal (Vrst), and the pixel image signals (Vsigl, Vsig2) are read by a sample
and hold circuit 265 associated with the column drive 260. A signalis
produced by amplifier 267 for each pixel. The signal is digitized by an
analog-to-digital converter 275 (ADC). The analog-to-digital converter 275
supplies the digitized pixel signals to an image processor 280 which forms

and outputs a digital image.

{0059] FIG. 10 shows a processor system 308, which includes an
imager 300 constructed in accordance with an embodiment of the invention.
The processor system 308 may be part of a digital camera or other imaging
system. The imager 300 may receive control or other data from system 308.
System 308 includes a processor 302 havmg a central processmg unit (CPU)

for i u:nage processmg, or other i image handhng operatlons The processor 302
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arranged in a predeterm ned nunber of colums and rows
(not shown). Attached to the array 200 is signal
w@e@cesdassg circuitry, as described herei n. TheP@i/K81006/029050
cells of each row in array 200 can be sinultaneously
operated, and the pixel cells of each colum are
comynpinatesavith vatipus dpyiceseperca bus 3641 Someoéf ithe telicees.
A pl uralitg of row and colum lines are provided for
conpgetedtpithebus 8ed proyide qoramuvication intaandseitarftthe eystem
acti_vat?d by a row driver 210 in response to row
08 any s/ tpbhid(Odeyicerdb and amimaging devicade. dmager 300,
selectively actiyated by _a columm driver 260 in
are Sudy el odian eviceso (ather devisas conmested e ks B4

ProffuBRINATE, (U ke ge PRGN A e R ea BRAMI i ghng
remg)nd geontrol %Eécuit 250, which controls address
é’@B dPETERY 1270 for sel ecti ng the appropriate row
and colum lines for pixel readout. The contr ol
. it ' ari
IROE L ¢ R PSSt Ao Pt P BB P ¥ Bbrea
el SRSy gl B8 b SRS e oL S G o
abob¥ RleS@ipiior A%d UHBy R gRiiN@strAR LRibSittls, Wiihach Ve thbe
pi xel i'mage signals (Vsigl, Vsig2) are read by a

objexad)étusdifah® hdvaithgel of AePprasaRGhaé@ibriV HRwRRr GOIsWBt
drive 260. A signal "is produced by anplifier 267 for
inteaded thatidle prédeat svgmaion tse diigtly ilitededo & above-described
anal og-to-digital converter 275 (ADC). The
anddHuabrgtedendbglitrents chug medifi?zdGos vf fhe prestheindiegtion tleat
pi xel signals to an image processor 280 which forns
comeg $spkitdingt scape pzﬂg@f_olxo@@iﬁg]clain@ shbold bews a
processor system 308, which includes an inmager 300
congigREed priteod thepresefrigyeRéoni t h an enbodi nent of the
i nventi on.
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The processor system 308 may be part of a digital
canera or other imaging system The inmager 300 may
wo e@eiowaegont rol or other data from system 308PC1BYS10061029050
308 includes a processor 302 having a central
processing unit (CPU) for inmage processing, or other
| MAGE:t Bt h B9 a8 REVAN LSGirelNS BY Hot&R8d by L f
SOZComTué}llgcat esa W th va‘?‘?s’ous devi‘ces overya ekt)tlfgsg%tflto the
United Se2t88 i®f the devices connected to the bus 304 provide
comuni cation into and out of the system 308; an
i nput/output (1/0 device 306 and an i nmagi ng devi ce,
i, eAnin{ggg@g' date ¢ il conmuni cati on devi ces.
O her devi ces connec edﬁtgg t he bus 304 provide nenory,
for instance, a random access nenory (RAM 310 or a
a fiestopladtbserwitive glefhibht; [ 0060] The processes and devi ces
descri bed above illustrate preferred nmethods and
typi cal devices of many that could be used and
a firsicluensder tFansistion veupled betweerothedinst phatwseysitive
iIlustrate enbodi ments, which achi eve the objects,
element pagta dié8isiomepgion saidhiiess ttgnsten sragsiss@nfori nvent i on.
Howeyer, it is paot intended fhat_ the present invention
transferypg %ptce:gﬁvenamff harie fromh st Ehatsenriag clgment
d '.%fl ustrated enmbodi ments. Any nodification of the
to sai 45 BEOH B Nent i on that comes within the spirit and
scope of the follow ng clains should be consi dered
0f . present invention.Wat is clained as new
ag%écdgosqéxgcg to be protected by Letters Patent of the
United States is: 1. An imagi ng device conprising: a
IdufaP Lo RbiBREHEh HatSisflr BB Pled Betiveehtht daRssich
fransistor c%dgf!lec?hgl_gtvfeen?t%e@%i rst p_&ot osensi tive
region atﬁh%m&atﬁu&ﬁfoaf& deld¢sively dopBb&ihg A0 Hifflus®hn depfsT er
ransi stor for
to the capacitor, the gate of said dual conversion gain transistor forming

one plate of said capacitor.

2. The imaging device of claim 1, further comprising a reset

element coupled between a reset voltage line and the diffusion region.

3. The imaging device of claim 1, further comprising a high
dynamic range element coupled between a voltage source line and the

first photosensitive element.

4, The imaging device of claim 3, wherein said high dynamic
range element can be activated to drain charge from the first

photosensitive element.

5.  Theimaging device of claim 1, further comprising:
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transferring photo-generated charge fromthe first

phot osensitive elenent to said diffusion region; a
w@apaoidies ; and a dual conversion gain transi SPOF/US2006/029050

coupl ed between the diffusion region and said

capacitor for selectively connecting said diffusion

ERFRBIP Er R N HIRNER BT or m g one. pl ate of sai d
capacitor. 2. The i magi ng devi cle gf claim1, further
D o DR s R e

photofif¥liie dilmEhAldd T IF 080 SO o1 19 @ hilon dynan c

coup a'vol tage source line
and the first photosensitive elenent. 4. The imaging

g(fgvi Cerl*%fhr‘?alggﬁgﬁéwc%?ﬁ i 5 Algh by gﬁnﬁ ¢ range

enment can acti vat e to drain romthe
first photosensitive elenent. 5. The imagi ng devi ce of

OA&hfa ho{dgéﬁgigf,egmﬂtm ng: a second photosensitive
el enen and a second transfer transistor coupl ed

bet ween t he second phot osensitive el enent and said
ch fHivd transfee gianeistcﬁr.coiﬁﬁéed betgicng thethied photadenkitivie,
further conprising a third photosensitive elenent; a
elemenhandisaid aliffisiontregios; st or coupl ed between the third
phot osensitive el enent and sai d diffusion.region;

a fourth photosensitive element; and

a fourth transfer transistor coupled between the fourth

photosensitive element and said diffusion region.

7. The imaging device of claim 1, wherein said capacitor increases the
conversion gain of the diffusion region when the dual conversion transistor is

activated.

8.  Theimaging device of claim 1, wherein the capacitor is connected

between the gate and source of the dual conversion gain transistor.

9.  Theimage device of claim 1, wherein said first transfer transistor has at

least a portion thereof angled with respect to said photosensitive element.

10.  The image device of claim 1, further comprising a readout trunk
connected to said diffusion region, said readout trunk, said diffusion region being

located laterally of said photoserisitive element.

11.  Animager system comprising:
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a fourth photosensitive elenent; and a fourth transfer

transi stor coupl ed between the fourth photosensitive
web@mntieeand said diffusion region. 7. The i maRECTYS2006/029050

device of claim1l, wherein said capacitor increases

t he conversion gain of the diffusion region when the

dual conversion transistor is activated. 8. The

? PEQTSSE° @0 ce of claim 1, wherein the capacitor is

connected between the gate and source of the dual

SRR R el Bisfld Pt P SR ARERE or has
deviceaJ: Fisfh ortion thereof angled with respect to said
pcﬁgéoge Sitive element. 10. The inage device of claim

1 further conprising a readout trunk connected to said

di ffusi Qe '&%serfs’i’ﬂi é@ﬁ%ﬁg’t trunk, said diffusion

regi on beln ocated | ater y of said photosensitive
element. 11. An inmger system conprising:a processor;

and an gt Atnsfer raRsiSN REGHRA Betweah dhofiggessor,
sai d i magi ng device conprising: a first photosensitive

el ement phatddensitive eimséerarid #d¥hedion redon) £6d biesteen
the first photosensitive elenent and a diffusion
regi on, temistbrftransistdirfon sfamsfarringptetogeherated
transferring photo-generated charge fromthe first
phot osexbatgedeom| thefinst plowtesargitiiie élemienhta sagdon,

diffusion region,
a capacitor,

a dual conversion gain transistor coupled between the
diffusion region and said capacitor for selectively
connecting said diffusion region to the capacitor, the gate
of the dual conversion gain transistor forming one plate

of said capacitor, and

a reset element coupled between a reset voltage and the

diffusion region.

12.  The system of claim 11, wherein said imaging device further comprises a
high dynamic range element coupled between a voltage source line and the first

photosensitive element.

13.  The system of claim 12, wherein said high dynamic range element can be

activated to drain charge fiom the first phofbsensiﬁxfé element.
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a capacitor, a dual conversion gain transistor coupled

bet ween the diffusion region and said capacitor for
waedgotdteel y connecting said diffusion regi on POT/URE06/029050

capacitor, the gate of the dual conversion gain

transi stor formng one plate of said capacitor, and a

nese I 3 .

T TSRO oE R 3%, RLRET il ERRhs UG fRE i Brises:

said i magi ng device further conprises a high dynam c

r en a voltage source line

aﬁ%g&?%ghﬁﬁsg%w%ﬁ%?%ggﬁ§?%$5e el ement. 13. The system

of claim 12, wherein said high dynam c range el ement

aGRBoRe tAgisfarat fkider dhpled bowas the@srddde first

phot osensitive el enent. 14. The system of claim 11,

photosenkigiveiclerfahBandregd Effdsivh gegibur t her conprises: a

second photosensitive elenment; and a second transfer

transi stor coupl ed between the second photosensitive

181 endlhie syeténs af daihn fliuwherein egjiddmagihg déhiee fysthent@hprises:

claim 14, wherein said imgi ng device further

conprises: a third photosensitive elenent; a third

atthindsplotosengitve elomengupl ed bet ween the third

phot osensitive el enent and said diffusion region; a

fourth photosensitive elenent; and _a fourth transfer

) frangier Hanpiskoy cpaplpddietvren tlg,third photosensitive

element and said diffusion region;
“a fourth photosensitive element; and

a fourth transfer transistor coupled between the fourth

photosensitive element and said diffusion region.

16.  The system of claim 11, wherein said capacitor increases the conversion

gain of the diffusion region when the dual conversion gain element is activated.

17.  The system-of claim 11, wherein the capacitor is connected between the

gate and source of the dual conversion gain transistor.

18.  The system of claim 11, wherein said first transfer transistor is angled

with respect to said photosensor.

19.  The system of claim 11, wherein said capacitor and a readout trunk
connected to diffusion region and said first transistor are located laterally of said

* photosensor.

20. A method of operating an imager device comprising:
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phot osensitive el enent and said diffusion region. 16.
The system of claim 11, wherein said capacitor

w0 p@reades t he conversion gain of the diffusi oPCT/E§1006029050
when the dual conversion gain elenent is activated.
17. The system of claim 11, wherein the capacitor is
despidng adifusigpaegione gate and source of the dual
conversion gain transistor. 18. The system of claim
11, .wheyein said first transfer transistor is angled
WYENG BRpergenesated; chaggpingbeditfpsiongegimme syst em of

claim1ll, wherein said capacitor and a readout trunk
copnected to.diffusion region and said. first
BeURETE B il convarsion eaim Pansiefoy esfe which v deetiads of a
: 0 rating an i er .device . .
capacitof, o Oell e Blc ARBRL Ghpled IR ARG fohTerion gain transistor
phot o- generated charge in the diffusion region;
activating a dual conversion gain transistor gate
which is an el ectrode of a capacitor, the other
. . ¢ _ v . _
B e

transistdrt@pad@paconingtiof 2irdudual conversion gain transistor
capaci tor conbination circuit. 21. The nethod of claim

20 further conprising: outputting a first signa

2 epr efleatrietigod bé clagae) fdithbrisbraprise@: on; output ng a
second signal representing the stored photo-generated
charge; and outputting a third signal representing the

outpeitingadfitst sigmal tdpregpnting the reset diffusion region;

and

outputting a second signal representing the stored photo-generated charge;

and
outputting a third signal representing the stored additional charge.
22, The method of claim 21 further comprising:
sampling and holding the first, second and third signals; and
using the sampled and held first, second and third signals to obtain a
correlated output value.

23.  The method of claim 20, further comprising the act of draining excess

charge away from a photosensitive device.

24,  The method of claim 20, wherein said act of storing photo-generated
~ charge comprises the act of Ati'énsfer'ring# the ci'iarge from a ph(y)tds'enéitix}e'elevmlent to the

first diffusion region via a transfer element.
26



22. The nethod of claim 21 further conprising:
sanpling and holding the first, second and third
w@@naldes and usi ng the sanpl ed and hel d firstPCHESWNE029050
and third signals to obtain a correl ated output val ue.
23. The nethod of claim 20, further conprising the act

25, dr Zhehighek eeedirigpiogdaianay, whemirthemt o sfvgirid peoto-
devi ce. 24. The nethod of claim 20, wherein said act

generateld diaoge hg&mhaﬁaeigmfalrﬁtee«toni]ﬂtsgg conprises the act of
transferring the charge froma photosensitive el ement
to the first diffusion region via a transfer
edetentini2® if THestoradhpliotacgedited chergd exicaed0a prédateimined
the act of storing photogenerated charge in the

level; andpaci tor further conprises: determining if the stored
phot o- gener at ed charge exceeds a predeterm ned | evel;

and if the stored photp-generated charge exceeds .t he
piidhestrad Rhwte-gonerated eharge ieﬁgeqdﬁéﬂemmdeéwéilgvﬁlf

| . gaip transistor, of the dual canversion gain trapnsistor

aCﬁV&ﬁ%&ﬂg'@iC{‘@r CUIYREPiIRREaYn transisiarotdhey dé‘tag?qu’ﬁrﬁlﬂ’é gain transistor
.transterred stored oto-generated charge, in the

capacitl, ARPEAHOn G e H bR H s o ot hnerated

rising: providing a first photosensitive el enent;
charge%?g% %&}p@éﬁgr.fi rst transfer transistor coupled between

the first photosensitive elenent and a diffusion

regi R?getﬁﬁh%fffiﬁﬁéatﬁ{éﬁgﬁi fé%H@@ﬁ% oS hyridhs:

transferring photo-g charge fromthe first
phot osensitive elenent to said diffusion region; and

providing a first photosensitive element;
providing a first transfer transistor coupled between the first
photosensitive element and a diffusion region, said first transfer transistor

for transferring photo-generated charge from the first photosensitive

element to said diffusion region; and

providing a dual conversion gain transistor coupled between the
_diffusion region and a capacitor, said dual conversion gain element for

connecting said diffusion region to the capacitor when activated,

wherein the gate of said dual conversion gain transistor is a plate

of said capacitor.

27.  The method claim 26, further comprising providing a reset

element coupled between a reset voltage and the diffusion region.
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provi ding a dual conversion gain transistor coupled
bet ween the diffusion region and a capacitor, said
waleal7/ooass/er si on gai n el enent for connecting sSBCTUS2006/029050
di ffusion region to the capacitor when activat ed,
wherein the gate of said dual conversion gain
PBansilbe anehl@da)f pledme26o futhexdcanprisinggrroviting Bhe
nmet hod claim 26, further conprising providing a reset
high dﬁmman@@lﬁ&m@lmmb@wm voltdgeagarenand the
di ffusi on regl on. 28. The nethod of claim 26, further
first phosassnsitiveelgment.di ng a hi gh dynani c range el enent

coupl ed between a voltage source and the first

oto nS|t lenent. .29, The nethod of clai m 26,
&grt h %%Pﬁsq% lmpg%wlahﬁ"gm&nEﬁélé‘ﬂd phot osensi tive

el enent; and providing a second transfer transistor
| ed bet we h d h t ti I t d
%Eb*%dﬁweﬁswp%aﬁ%s?ﬁsﬁ%e HEThetibd of claim2s,
further conprising providing a third photosensitive
Pef Ve pRECH AR bR PRI nl PRI Sl ™ =
photos@h&tl'%}é 'ef@?néﬁgdrﬂ"salgﬁﬂ‘fﬁﬁbﬁg?g{) ourth photosensitive

el enent; and providing a transfer transistor
coupl ed between the fourth photosensitive el enent and

86i d Thbihethed of eWiADY, further comprising
providing a third photosensitive element;

providing a third transfer transistor coupled between the third

photosensitive element and said diffusion region;
providing a fourth photosensitive element; and

providing a fourth transfer transistor coupled between the fourth

photosensitive element and said diffusion region.
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