WD 2007/ 016168 PCT/ 1JS2006/ 029050 DUAL CONVERSI ON GAI N GATE AND CAPACI TOR
COVBI NATI ON FI ELD OF THE | NVENTI ON [ 0001] The present invention rel ates
gener al | yOt2807M16168al i mage sensors and in particul ar PETAFZI0603¥5%r si on
gain i magers BACKGROUND OF THE | NVENTI ON [0002] | magi ng devices, including

charg (émq e conduct or
(@/[B?)%%)ers are comon y@)&g‘e thot%tl mgﬁm %gltéllgnms [ 0003]

Typically, a digital imger array includes a focal plane array of pixel

cells, each one of the @gil)s OMTHICINVERTION Osensor, e.g., a photogate,
phot oconductor or a photodiode. In a CMXS | mager a readout circuit is

connected to each pi xel cell which typically includes a source foll ower

out put — YaRA 'StOl‘he%ﬁé@eﬁlﬁ%&%@éﬁ%aﬁgg\éﬁ&aﬂg%%%ﬂﬁr%g%'s‘éﬁ&c?l%ns which are

typically transferr to a storage no floati fusion region

connectgqiﬁs?dmlgqbqtﬁﬁcéﬁ@rwr@hgb éyer output transistor. A charge
ca

transfer d transi st or e included for transferring charge
fromthe photosensor to the floating diffusion region. In addition, such
i mger cells typically have a transistor for resetting the storage node to
a predeterm ned charge level prior to charge transference. The output of
the source follower transistor is gated as a pixel output signal by a row

sel ect transistor. [BAOKGROUND OB THEINVENFION circuits, processing steps

thereof, and detailed descriptions of the functions of various CMOS
el ements of an 1 WD 2007/016168 PCT/ US2006/ 029050 imaging circuit are

descri be@002pr eXamging devices, Sncldiregnchaige coupled  desices (CED) and
complementary metal oxide semiconductor (CMOS) imagers, are commonly

used in photo-imaging applications.

[0003] Typically, a digital imager array includes a focal plane array of
pixel cells, each one of the cells including a photosensor, e.g., a photogate,
photoconductor, or a photodiode. In a 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

1



Patent No. 6,376,668, U S. Patent No. 6,310 366, US. Patent No. 6, 326, 652,
U S. Patent No, 6,20%$524, and U.S. Patent No. 6,333,205, each of which are
assi gnedWOR0VUFE Technol ogy, Inc. The disclosures of PEZER28A6/024S80 f or goi ng
are hereby incorporated by reference herein in their entirety. 10005] Wth
reference to FIGs.1 and 2, which respectively illustrate a top-down and a
cross-sectional view of a conventional CMOS pixel cell 100, when incident

| i ght 187, strikes e surface of a photodi ode, phot osensor 120,

el ectr on/%ﬁé‘kﬁ)gﬁép@?éeﬁg‘i&?‘éﬁaﬁ’q 'Fr'ée"pé) gaf".r ng,'tf’i é?ﬁ 0 ‘]‘T@ phot odi ode
phot osensputedido.(6,38/888, ANG Whratit Nd?e,smy%a?ﬁm Pﬁienmoa@,g%z? icon regi on 222
and p+ surface layer 128). The generated el ectrons {photo-charges) are

col | ect edPatanttNe. 6204524 anddlif1iPaberitdNo. 6398,208, 22 affwitiieagehot osensor 120. The
phot o-cha?rfg,es g?[\ég(ﬁfromthe initial _charge accunul ation region 122 to a
floati ng ¥EREd R Nirrog [sehnelegy, Ing. The digskewtes of earkiof thy fo1gy8ng The char ge at

the float] | £ | ' Q.s., L cal onverted to a pixel output

vol t age a%ﬁ%%u’%@?%f%&%‘%ﬁ&%ﬁﬁ%g e‘E‘a‘\ﬁ"c‘fﬁ'gubsequent |y output on a

colum output line 111 via a row select transistor 109. [0006] Conventi onal

CMOS i nage0088Fi gnWitlsrefdrems tb FEGH b end Rowhich RespetiSrely ilfugkraiaxel cel | 100,

provide approximately a fifty percent fill factor rreaniln:&monl y half of the
- 5.

cel | 100 and a@rosgroecsional iew of # Fomentional KAMQS pixeh el As shown,

only a s ¢ 5 . | hot oser 120 (e.qg.,
phot odi ogg%\kn %&%ﬂ@%ﬁﬁfﬂl&tggﬁgﬁ gﬁees]ug%g%?{%éﬁ%%ge p??\t(:o%%‘c?ggf#ﬁéol ation regions
102, shovgle@sorPhdlepads eftsgenBratediniihs paljendidh of thephdtb@ialie ng di f fusi on region
110 coupled to a transfer gate 106" of the transfer transistor 106, and
sour ce/ dr photosengpu iR (tgBegentedras therborpdarysefon eecuipuiliboreregksi22 2 WO

2007/016 1a6r§d pP+Cg-\{1 a.Sczqu}gse/r 9%3%0 ‘Efge generated electrons (photo-charges) are

-J

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 and subsequently output on a column

output line 111 via a row gelect transistor 109.

[0006] Conventional CMOS imager designs, such as the one shown in
FIG. 1 for pixel cell 100, provide approximately a fifty percent £l factor,
meaning only half of the cell 100 is dedicated to converting light to charge
carriers. 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 subsirate 101, the
floating diffusion reglon 110 coupled to a transfer gate 106’ of the transfer

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



and row sel ect 109 transistors having respective gates 107',108', and 109'.
In the conventional pixel cell 100 | ayout, each of the reset, source

fol | oner vE@do07006¥68 €l ect transistor gates 107', 108" andPCDWS2086/029%5G gned
consecutively, sharing source/drain regions 115 and requiring significant

decr oase apEopselact 369 BBl PeingoptetsR AT AR ARG Woor tant 1o

o ot AR e SHPLRIOT B SR AR ST O

o R AP

I1;0r egg\r/]g;aamﬁlg ﬁqﬁlj@%m@?ﬁf@@e& ﬁ%}%{%‘i}% tsgi&a%%r{ga,%?ﬁi ?] ecal‘oﬁﬂ ty

gﬁgfmecsgaﬂ.b@’(gl/%ﬂ lacgfé'&? g&ﬁ%‘; élxeégcﬁ% csaﬁrggtc%g 15% ﬁﬁ?%é:o%]kﬁgv\;]hgs

cperge, o Mage, SRR LSRN Spooy HGSLIANER SASRORGTON,

L DO e R AN,

'(I:'Egr gggpaﬁg?eg@% tfgleyg }t&%)h st%?’gﬂit]ﬁj;ztegg%il |aon§}1| ovy}.’l- cfa}p-aci t'y ch?gge:srhzo t he
PRSI ohE Bl bty St oenly

pr obl em t1on, I's that the a apaci tor takes
up Spaceldrgeﬁﬁ‘is%fﬂ\eﬁmbsé‘r%w ot herwi se be used to increase the size of
the cell's*“photosensor, thereby decreasing the potential fill factor for
the pixel cells and overall array, 3

[0007] In addition, conventional storage nodes, such as floating
diffusion region 110, have a limited amount of charge storage capacity. Once
this capacity is reached, a pixel cell becomes less efficient. Specifically, the
full dynamic range available for the pixel cell cannot be utilized. Once the
charge storage capacity is exceeded, an undesirable phenomenon, known as
“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 addiﬁonal 6Vér-capacity charges so the charges
do notv 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.



WD 2007/ 016168 PCT/ US2006/ 029050 [0008] Accordingly, there is a need and
desire to increase the fill factor and storage capacity of inmager pixel

cel I s. THEOa0B7/016168 dual conversion gain gates of the PAVAISRI06/29960Vi de
good sensitivity at low and high light conditions. BRI EF SUMVARY OP THE

| NVENTI ON [ 0009] The present invention, in the various exenplary

enbodi menf0808] pr oAcdexdinglyi there is4 heed ang dasicéita irvrease the fillfgctar dual
conversion gain. A dual conversion gain elenent is coupled between a

f | oat i n@ndistorage capadty ofimaged péxel@eﬁs;c'rherebys,ttheabml capversioor gaifthe dual
conversion gain elenment having " a control gate switches in the capacitance
of the gatesciftthe invendionrprovidesgoabsarsitivignatjemnand highelighbat i ng di f f usi on
region froma first conversion gain to a second conversion gain. In order
to i ncr €anditians. ef fi ci ent use of space, the dual conversion gain el enent
gate al so functions as the bottom plate of the capacitor. [0010] In one
particul ar enbodi nent of the invention, a high dynamc range transistor is
used in conjunction with a pixel cell having a capacitor- DCG gate

conbi nati on; in another enbodi nent, adjacent pixels share pixel conponents,
i ncl udi ng the capacitor-DCG, c | nation. BRI EF DESCRI PTI ON OF THE DRAW NGS
{001.1] .. The:foreg&lﬁgs XQ%WMENTTQ% features of-the

i nvention will beconme nore apparent fromthe detailed description of 4 WO
2007/ 016 CT/ Ug2006/ 029050 ,exeppl.ary enbodi nents provided bel ow with
refer encé[%gggl he iﬁé Ph‘@nﬁ'roﬁ‘oﬁ% axl%ieéﬁmprfary émbodiments,

provides a pixel cell array architecture having a dual conversion gain. A

dual conversion gain element is coupled between a floating diffusion region
and a respective storage capacitor. The dual conversion gain element having
a control gate switches in the capacitance of the capacitor 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 combination; in another embodiment, adjacent pixels share pixel

components, including the capacitor-DCG combination.

BRIEF DESCRIPTION OF THE DRAWINGS

f0011]- .. The foregoing and other advantages and features of the
invention will become more apparent from the detailed description of

4



[0012] FIG | is a top-down view of a conventional CMOS pixel cell; [0013]
PIG 2 is a cross-sectional view of the pixel cell of FIG 1, taken along

line 1- 1WORWHIEIPI G 3 is a top-down view of a porti oFCHISHOERINES0,i el

cell array constructed in accordance with an exenplary enbodi nent of the
I nventi on 001 IS a,Ci rc | t dl agram of t exenpl ary enbodi nent
depi ct é‘ﬁf &@&m@g;}rcﬁl@ dé’ g‘?f F&%B@ﬁn of the operation of

t he pi xel ceII arr accordlng to an exenpl ary enbodi ment of the
i nvent |38ﬁ°mP%X%‘ﬁ>é&mSSFEV%§“§bp down view of a portion of a CMOS pi xel

cell array constructed in accordance with another exenplary enbodi ment of

h F d h
extermpl ar0dnhodFRent 15t CRAO TR a COrGHPRREMS PLek 88 ng i agr am of

the pixel cell array.of FIG 6 according to another exenplary enbodi nent of

an arr SR pi xEfCcbi A Tosei e enoE B Y AT EreRRvent 1 on: and o
V\D Zoosaﬂ%g@g} RETI US2006/ 029050 [0021] FIG 10 is a schematic diagramof a

proces rﬁ enpl oying a CMOS i mager constructed in accordance with the
I nvention. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0022] In the follow ng

detail ed rip s ' drawi ngs, which
det ai | eclgoap” | PEIGM 1 LBLA0RR iBw RIS  CHRGEPA Lo
array constructed in accordance with an exemplary embodiment of the

invention;
[0015] FIG. 4 is a circuit diagram of the exemplary embodiment

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 pixe] cells consttucted in accordance with the invention; and



Il lustration specific enbodinments in which the invention nmay be practiced.
These enbodi nents are described in sufficient detail to enable those skilled
in the aMO27/B163¢% i ce the invention, and it is to be RfdEPSBUPIMat ot her
enbodi ments nmay be utilized, and that structural, l|ogical, and el ectrical
changes may be made w thout departing fromthe spirit and scope of the
present i[002b} i onFIGhH) jsracsrhenmtiordiagrap of @ psocegsingaystedescri bed i s

exenpl ary of enbodi nents of the invention; however, the sequence of steps

i s not lemplogihg @ (MAE imegef condirivtedimacrotdaree vith thehgettias. i s known in
the art, with the exception of steps necessarily occurring in a certain
order. [0023] The terns "wafer"” and "substrate," as used herein, are to be
understood as including silicon, epitaxial, silicon-on-insulator (SO) or
silicon-on-sapphire (SOS) technol ogy, doped and undoped sem conductors, and
ot her sem conductor structures. Furthernore, when reference is made to a

"waf er" or "subsDERAILEIZNDESCRIBTION QF Td#E ENVENBONDpr evi ous processi ng

steps may have been utilized to formregions, junctions, or nmaterial |ayers
in or over the base sem conductor structure or foundation. In addition, the
seni condu08?] needn tes fadlovangidetrilagadesqripbion, xeferenceis madeto the sil i con-
germani um germani um gallium arseni de or other sem conductors. 6 WO

2007/ 01@semnpanyingxirasyings osoich foun g parkbexesf and show by way afsed herei n,
refers tQ a phot o-el,erreniiggnit cell .containing a photosensor &nd associ at ed

transi stbusiration spreific empgdimenss sn whieh the vention seay Be gragticedtor pur poses of
' e HGSR BT LOUEBLATF ePbeckisy it enb ey erngpiecpps e cat i on of a
e Fof 1 e artfeipnedes T VanglRomnd 4 6 BR uhderdtood e "007 %1191

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.

f0023]  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.



not to be taken in a limting sense, and the scope of the present invention
Is defined only by the appended clains. [0025] The terns "at an angle,"
"angl ed, 'W%mmsqlé;t ed," as used herein are to be intePGHESWE6/B2905Peani ng at
any angle, with respect to sone stated reference point, that is not exactly
paral l el or exact|y perpendicular. Accordingly, when a portion of an object
and some WQZﬂrencﬁ(‘ﬁd?ﬂm pieel,” @ used harein, I8FRTB §0 aphoto-elamentanibol, or 1801,
the object is considered "angled,” "at an apgle," or "slanted" with respect
to the el eonfsinings photosensor pndiassodiated trasiistetsdonronvertingt es to a dual
conversion gain elenment_ _gate functioning t he bottom plate of a storage
capaci t hotonstoanelectrical $1@%@%Mpﬁﬁpfﬁiﬁﬁ@9%aismg6§@b@he char ge
capacity_ of the pixel ,cell  whep needed. The dual copnversion gain (DCG gate
i npr ove§ff¢1€'eﬁ¢’&ﬁllveﬁ@ﬁq36ﬁ%ﬁ’@ Upirate pm&hﬁég%esmwcayﬁam c range for the

pi xel cells. The inyentiye.conbination proyides an efficient pixel array
ar chi t ePETRIR however, ﬁ)&’@%‘l’é éh?’i‘Pfaﬂ%l%F u{ﬁ?lt}jpggﬁe(p@pqlgeﬂﬁ] the array. In
one particul ar ,enpodi nent of the i.nventigon, a Hi%aeay am. c range transistor
CHOR) | ProReeds simultanpairaly; Sccoidingly e fellowing dafeiled HeaCHBBOR IS or - DOG gat o
conbi natiop;, i anot her . enbodi ment, .adj acen | xel s share, pixel conponents,
ol o, oSSR st el b st i T

, Lring to . 3-4, one exenplary enbodi nen
of the %8‘%?%8@%3}5&@??81’9"6Md ersion gain element gate is illustrated
in connection with a 4-way shared pixel circuit 450. A top down view of a
substr at t ai ni plxel  chl Gul O |,Syklilustrated in FIG 3. A
circuit e‘8§§53r am E'Flg{c%légaﬁ %1‘%’ 4%‘53@?’ I'—%‘r@ gaﬁ‘%dflé%‘gﬁngt ed in FIG 4.

As shoWgeldih 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 a portion 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.

[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 thf
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 array.. 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
apqq}er 9mqu1’ment, adj_aqent pixels share pixel components, including the

" capacitor-DCG combination,



FIG 4, the pixel circuit 450 conprises portions of four pixel cells 450a,
450b, 450c, 450d. The illustrated shared pixel circuit 450 also includes a
shared Wr00HBI6¥ES si on gain (DCG transistor 406, capaRETUB2086@9050eset
transi stor 410, source follower transistor 412, row select transistor 414,
and floating diffusion region 400. As discussed belowin nore detail, the

gate of t[692 Redexgirg to FIG34, 6fe axemiplrpentbirlifient of eie t he capaci tor
408. [0028] The first pixel cell 450a inCFudes a first photosensor 40la

(i1l ust reonsisined capaditdredinaldehversivh gaihielehemthgatg és illwtatat irf r ansi stor 416a.
A first high dynam c range (HDR) transi stor 418a may be part of the pixel
cell  4daneétictewiteal d-wiy shavedtpikéiRitcuitd$0s totopldSamn vewastnect ed bet ween
the photosensor 40la and a pi xel supply voltage VAA PI X. The gate term nal
of the subRtratecatsitaining diBpixel éiraude4b0 is sllustrated e FIG03.r Acdircudt a first row
hi gh dynam c range control signal HDR <0>. \Wen the control signal HDR <0>
i s recaiiagram of the-piRel celhdBG00FIG! Bdailhistmaved froFIG dheAs Haowa iho be dr ai ned
away fromthe photosensor 40l1la, [0029] The first transfer transistor 416a
i s conndiGd, thetpirelcitduit 450 campritestportonnof it pizelcells 460a,d50b,) oat i ng
diffusion region 400 and is controllable by a first row even transfer gate
cont r ol 450gr430dTThe\iliMstrated shiazed pheel Eireuit 460/also includesa shated control signal
TX EVEN<O> is generated, 8 WO 2007/016168 PCT/ US2006/ 029050 the first

t r ansf erdual sesvension gaiedDEGhtransistos d06tcapaciton 408s resebtrgnsistarilOhe fir st
phot osensor 40la to flow to the floating diffusion region 400. [0030] The
second pHouate followersmansister 4t sow selachiransistor dddnand floating (i |l ustrated as a

phot odi ode), and a second transfer transistor 416b. A second_ HDR transistor
418b ma region 420. pi\s discussed below inmeregatail, theigatepithe DCG

transistor 406 also serves as one plate of the capacitor 408.

[0028] The first pixel cell 450a includes a first photosensor 401a
(illustrated as a photodiode), and a first charge transfer transistor 416a. A
first high 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 d0la.

[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 transfé;’ gate control signd TX_EVEN<O> is generated,



transi stor 418b is connected between the photosensor 401b and the pixel
supply vol tage VAA PI X. The gate termnal of the HDR transistor 418b is
connect eWQ WUTRI6848,e the first row high dynam c range RS/PR006028089] HDR
<0>. When the control signal HDR <0> is received, the transistor 418b all ows
sonme charge to be drained apay fromth hot ogensor 401b. [0Q031] The second
t ransf efnq QW@WW%@?@@@%@F&&%&E Qvschargesesnthephot osensor
401b angﬁ;h shar ed floati@&@di ffuai on rg_}'on 400 .and is controllable by a
first r tosenser 401atoy dathefloating, oregien 4000hen the first row

odd transfer gate control ~signal TX ODD<C> is generated, the second
E&E‘Pgiiﬁab?&ﬁéil?%e3%%%%@&%&53%%&%%?@'@@&' ; 1%@@%%%0}?'& E8832]:e$ﬁ2d
. ) 4500, | . 40 .
phot odf’bﬁﬁyt,r%ﬁeﬂ&saaf n%mbﬁ‘@k‘eﬁﬁéa@rtsgéé%s&gf%é’rsﬁ_a'l%%éto;\dﬁm o SaBRL r ansi ot or
418 ' 45 [ ' LT [ 418
s 202%931%&%%%{%@%#%??@3%%%@%@ pizée}tcegﬂﬁ&% Hitosicedr TARHR, Vol ¢ age d ’
VAA PI X, The term na the thir DR tr | st 418c . I's connected to
i vetanaBta I8Pt efieerytir phobRni AP GG thagrkels S,
(r:g(r:]'?lr\(;?a & a‘; lﬁ{gg CHYP—'ber‘?e(rfi/)heiv dr tge tr st'@l Eﬁfﬁ al;lﬁwg> f\(;\pegotrgee
axg/e; t 8 ﬂ’g@reﬂ a&éé-# ﬁémﬁﬁ&?ﬁ%ﬁ%&l?fﬁ?e : a&sv\&r 916168 |
PCT/ US2 0 . | | | [
bet wee gggﬁléeoﬁ%%??odr eﬁ%&%@é rfl1 g%ﬁo%h{ﬂl a%?ﬁig%éﬂg‘% g@ﬁ#ﬁ%@@ W? u!s ;5 o(r:1O P?S?;ﬁ
400 ' . . .
ot gnal <P WRRUEE cofRofsighaP LA st Tné BUbIaBSA® difhe O 1 0l 7
EVEN<1>5de QRRRIAYE arlalifed Bivay RS Bhotds@ir 096, 416¢ is activated

[0031] The second transfér transistor is 416b is connected between the
second photosensor 401b and the shared fléating diffusion region 400 and is
controllable by a first row odd transfer gate control signal TX_ODD<0>.
When the first row odd transfer gate control signal TX_ODD<0> is generated,
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 450cincludes 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 418c allows
for some éharge to.;ljgdrainéd—aWa}'r‘ from-the photosensor 401¢.



whi ch allows charge fromthe third photosensor 401c to flow to the floating
di ffusion region 400. [0034] The fourth pixel cell 450d includes a fourth
phot osendt? 203168 i | | ustrated as a phot odi ode), and a PEIESH06/P2PSY er
transistor 416d. A fourth HDR transistor 418d nay be part of the pixel cell
401d if desired. The fourth HDR transistor, 418d is _connected between the

phot 0send®93301d 'Eh@th%ﬁaﬁﬁﬁ@élﬁ%’@wrﬁﬁwlégﬁwed’lbﬂ tweerthfait e terni nal of

t he fourth HgR transij st or 4 8d S nnect to recei ve ‘a second row high
dynani C&F%B OtQ,SGﬁﬁQfo*O siagd @f? ﬁ‘l‘él%blf%ifm Q0 gndiis HDR <1> i s
received, h]f &ansr stor allows for sogfe char ge be drained away fromthe
phot oses@¥Follahle YT‘G’GQB G QWL B FOPh AR EB@PCPF‘ pighal is 416d is
connect,ggg four phqtosensor, 401d and the hare fl oating

di f f usi M >4 J¥hen dhe secopd ropLeYeRr &at§é3981?¥6 8igaal r ansfer gate

control TX ,0DD<1> e second odd transfer gate control signal
TX oDD<F %ﬂ@%ﬁ@ﬁﬂa{t@sﬁwﬁ% EIHFQ éﬁwlsgqréir’@f:ﬁ%‘% Wi@ﬁ is activated
whi ch al har fro hotos r 401d t.o Iowto t he

floati nU 59@289 30@% Ptﬂ(%l&:@‘ HpHnbi nat i on

408, 40 S shared 3@ aII . four pixel ceIIs 450a, 450b;:450c, 450d. The
capam&’cﬁum regieR s a suppl y voltage fromthe DOG gate vol tage. The
floati ng diffusion region 400 is 10 WD 2007/016168 PCT/ US2006/ 029050

{ranst st (0096 | < Tt mheF o Ra0d RIS oo Bl 08 e our
Phot oot R0 e BN R A rBR s. ARbooL

HDR transistor 418d may be part of the pixel cell 4014 if desired. The fourth

HDR transistor 418d is connected between the photosensor 401d and the

pixel supply voltage VAA_PIX. The gate terminal of the fourth HDR

transistor 418d is connected to receive a second row high dynamic range

control signal HDR <1>. When the control signal HDR <1I> 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



phot osensor 40l1a,, 401b, 401c, 401d has its own transfer transistor 416a,
416b, 416c, 416d. A source/drain term nal of the source foll ower transistor

is conndQ@WNB16he array pixel supply vol tage VAA Pl XPCTTHS200§0298% ect
transi stor 414 is connected between the source follower transistor 412 and a
colum line. Each of the HDR transistors 418a, 418b, 418c, 418d share a
drain 6ennegted to the dsainef ke REKe transistordfe. brsornrgesafsheRCG18a, 418b,

418c, 418d  are optional conponents that are not necessary to practice the

i nvent i &iansistodq6 isrenngetedite ghe plate abthempparitesr408cThedfodr conbi nat i on 408,
406 is its efficient use of space. As noted above, the DCG gate functions
406 as PhetossasersAlirafQlh, A01q,d0kd pach share agate oftherransferces t he need for

fabricating, two plates for the capacgjtor 408 [0038] The reset transistor
410 i s &wyiste 63&&!@&ﬁléelﬂégml;%éad@ggmmxelﬁ&%g‘éewfpo( and the

gate t cPROHSENSRT E0ta, ALY, d01n 4018 Gus Joevan Frensier tavgieter Boa HbpoG
Conver <466 &P, hsrisedpghierminkol fhrspiinee IQllsver BRGSO gal n i gnal

i rogelSATH nce by Rl om0 DI Wadbg B vavon 00
400, whARSSEorE s corBecind beRveanesomrer ooy e raniten £ ifkage pr obl ems.
20071 01689 RERR Eashar sBe SR teRselors Al84 AlRboret e a i o 412,
460, aEonch Renohi k8 RO Lar DR LRBSIH Bl dep 88 418875 71 L 370n 400

region | pdEPABHA I pSheritd thatal€ hot necessary to practice the invention.

[0037] One advantage of the capacitor-DCG gate combination 408, 406
is its efficient use of space. As noted above, the DCG gate functions 406 as
the bottom plate of the capacitor 408, which reduces the need for fabricating
two plates 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 tl'ansisfof 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 desirablg and mitigates floating diffusion

‘leakage problems. As set forth above, the pixéié‘celis 450a, 45'0b,' 450, 450d

11



phot osensors 401a, 401b, 401c, 401d. This shared pixel cell 450 arrangenent
all ows for each photosensor 40l1a, 401b, 401c, 401d to remain |arge due to
the shaWWAg'B{1¢ys&e| conponents 400, 414, 410,417 418 BEHUSHW6AMH ned DCG
gate and capacitor plate. [0039] In the exenplary enbodi nent descri bed

i ik B oS B il
130 TOEBRAL Sl O R AT G cnensy ™
sioh, sdraffouiisuncteb O R AR il 8 i
fact or otpﬁ%nsfgrg(gtlf)leacébflg,&g @%n:[%l%? I'H P%feﬁé:eggégﬂaﬁlfmﬁﬁ@eg‘ﬁot osensor
£0E ey A AL e BB 0 L
Pur poscsie o HiRe! dobaRedts 400 At Attt 413 R soBEIOAIRE t he ot the
cell .450 [t should be noted that the operation of the circuit

first ixel .
450 mﬁ%eapgﬁgg?cq‘?fepa]%?'l ow ng steps for the operation for pixel cells
450b, 450c, 450d. Since the operation of the renaining pixels cells 450b,

detai 1 oo HRSE,  pariahe Sophellf ARGt bl B R "o
St ect BrEROPp Rtk RIS (G, s BIR Sge THA PR B ances. " This
cont r ol g3l AhsdrSoAFAI14E 40D, 4BY%, 4bid SREHEGEIePRREERIAEL. LiRIG.t he Tow

3, the sides of the transfer gates 4163, 416b, 416¢, 416d are shown as being

slanted, which allows for a larger photosensor 401a, 401b, 401c, 401d. This

angled geometry of the transfer gates 416a, 416b, 416¢, 416d allows for an

efficient layout of the transfer gates. In addition, this angled layout is also
beneficial in maximizing 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, 450;:, 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 turung 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 belbv‘y noted exceptions), a dgt@ed description

of the operation of pixels 450b, ‘4:50c, 450d is not ‘p‘rovide‘d'. FIG. 5 illustrates

12



sel ect signal ROWcould remain applied during all three tine periods Ta, Tb,
Tc, if desired. [0041] The timng diagramillustrates three periods Ta, Tb,
Tc. Duri WE 200He16168r st time period Ta, the row sel ect siRGTASEEN2PS0applied
to the gate of the row select transistor 414 (shovvn as be| ng active lowin
FIG 5). It should be_appreciated that FIG is an exanplary timng
di agranﬁharrewsﬁectﬁtgnaéRC?‘Mﬁ@msrtoggledhgh @él@malt cerfaini ingtances.ed as bei ng
active lowor highinFIG 5 Al that is required to practice the
i nvent i Bhisicentre} s1gnél islactive onlow. Jit shonldihe appreciatadthat éhe vomsonent t he
signal is controllin [10042] While the row select transistor is 414 is on,
the fl celeokgigmal ROWseuld gemain appliest during pilthreectimeperiodiy, Tpy eset by
asserting the reset control signal RST (shown as being active lowin FIG
5). Thi'Ry ifdesiredt he 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 activati ng t he DCG
transi st ggo4496 ( i associ at ed
004496 ( MHeStitAEN® Hd@?@nu ilifB&ated tRiee dﬂﬁis Lﬂqtlff p DA

with the reset floating diffusion region 40 (as o egsource

o L e 3 o T @9;@&@%@#@{@%&@&?@;’%@?@u%ég@e P G
?232535%5 Sl Marisedhng 8 f'raﬁhf—?rﬁ'xe' Ty BG ol Sertod o,
b o L
bt g dbRate Al freinaty Sighal lsaﬁha%%ﬁggéﬁé’s%@%qeww;%@ el

416a. Teay) thatis required to practice the invention is for the illustrated signal to

.4(D

activate the component the signal is controlling.

[0042] While the row select transistor is 414 is on, the floating diffusion
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 6utput
by the source follower transistor 412 and activated row select transistor 414)
isapplied to a column line connected to sample and hold circuitry 265 (FIG.
9) and then samipled and held, for the first pixel cell 450a, by the pulsing of a
reset sample and hold signal SHR.

[0043] Durmg the second time- penod ’I‘b, charge accumulatlng in the

f1rst photosensor 450a is transferred to the ﬂoatmg diffusion region 400 when

13



pi xel signal voltage Vsigl associated wwth the first pixel cell's 450a pixel
signal charge stored in the floating diffusion region 400, as output by the
sour ce f WO BNEN6I48ansi stor 412 and activated row sel ecthflné??Q?%qz?)‘%‘MM, i s

applied to a colum line connected to sanple and hold circuitry 265 (FI G 9)

5 ' BRARTRIAT AN R g DO RN AN Co T 355
shoul (PHnE HceeRIATICOS) APaliive8f (e frafil BankBid by TIARC] O 6

P apac: PoeLSBharYSlded 8ET dbeckBRed il ot AT pKCAERSABGEBRA ° BVD L LN ove!
Pl oat e HREE sied i e S BURIsION redioh 400 aochfihe Wrthe (<Lt L 6 e
peri odsolfree ?&%ﬁ%eﬁé@@ﬁ%ﬁﬁ#ﬂ%ﬁ%teﬁ%w %%%&:%ékstgﬁfi $s applied (shown as

being active low in causes t transi $tor 406 to becone

act | VeapyiUdf & BORAAA fink REnhbdad k9 Samflld AP hold EifgiRg ABIFIG9) e capaci tor

408. T arge wwthin the floating I ffusion regl so flows to and
IS Stoéﬁﬂthéhédiﬁpléj@p&ﬁhélﬁ ﬂh@in df%tsangyl@'&nﬁr}ftﬂ&f el control signal
TX EVEN<O> is applied (sho as ‘bein active lowin FIG to activate the
first gggnsfer transistor 416a. The renmining excess charge fromthe first
phot osensor 40l1a is stored in the floating difiusio reion.900. The newpi xel
s]grial,voltage Vsig associated wth the excess pixel signal charge stored
i n"the fomaying To ineiserthe ehiuge #6Rige chfadiy BOME/HAENRE 4807) 1E2006/ 029050
as output by the source follower transistor 412 and activated row sel ect
following operations are performed during the third time period Te. It -

should be noted that the following third time period T, operations may be

performed for every readout operation or only when needed to avoid the
over capacity condition described above (i.e., when a controller or image
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 aew»pi'xel-.gi.ga.alvoltége-.Y?ig.z assoclated .
with the 'éxceés i’:‘iicel signal charge stored in the ﬂoating diffusion 'region 400,

14



transistor 414, is applied to a colum |ine connected to sanple and hold
circuitry 265 (FIG 9) and then sanpled and held for the first pixel cell
450a byWOROHM6EBng of a third sanple and hol d pi xel RCFHEF2NEABPISHe hi gh)
SHD. . The thr ee sanpled and held signals for pixel 450a may then undergo a

correlated I|n r |on to Qbtain the agtual pixel signal |evel for
each cAHPUR ‘?’r"g fé OWQﬁ@@%PEfIP%ﬁ%SWEYa%FQE)SG q‘}‘iese signal s may
bot h be con i tal ngl s and to t e processor 280
di scungad‘sﬁg b?aPBﬁ‘F‘g Q)%EO@P%IEBGFW%‘W%&? , converted and

ot Skt SRR 2802@5%%%@@'?8; ﬁﬁ’%ehat i ei&%@ﬁé%‘e[‘h;? ot the
har ¢ Y BRHDE Gk hiidy 4 @%J\valm%as”éer@?iwmnéagﬁﬁt € transtor
" Shodhpesempbd gneh igEr}”aEﬁ?os Vel doha peth wwz%‘e%éoaes ted5a"ar e used
P BBl A3 e e S A AT ol AR RSB 202 o e
7 ans: oo Edn i vl an%‘étVﬁi@é%&hﬁ%@?%hﬁﬁ%ﬁ@ﬂ%‘% doa
dur i ng AL MBS FNd ARttt SRR BRoel oo ARER Bl e e

onot oo bt 494 o Hine e oM ang sd o ahelggo el L1

et hbdd |nvé non- s are el cell utilizes
t he. ca%qgéésg&% conbi nation. FIG 6 15 V\D 2007/ 016168 PCT/ US2006/ 029050

[0046] The operations are then repeated for the remaining pixels 450b,
450c, 450d. Tt should be noted that for the remaining pixels 450b, 450c, 450,
the same operations would occur except that the transfer gates 416b, 416c,
416d are controlled by the transfer gate control signals TX_EVEN<1>,
TX_ODD<0>, TX_ODD<1>, respectivelyf

[0047]  Itshould 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, 418¢, 418d remain active during the readout
operations. This prevents blooming and other phenomena from occurring
during the readout process by draining éome charge away frofn the
photosensors 401a, 401b, 401c, 401d.

| [0048]  ‘Ini aricther exertiplafy etiibodiment accordinig to the inverition, a
non-shared pixel cell utilizes the capacitor-DCG combination. FIG. 6
15



illustrates a top down view of an inmager pixel cell 550 according to this
enbodi nent of the invention. FIG 7 illustrates a circuit diagramfor the
pi xel ceMWOyBOOI16IF&istrated in FIG 6, FIGs. 6-7 depi ct BCHUSK2006/629850st or
trunpet pixel having DCG transistor 506, HDR transistor 518, reset

Ly i S i
ok W BT TP P BB S 7 =
e s b R, B R eIl
transi : r a | . Yy a transfter
R L
e e
o T S R e SSRGS 7,
b | ' . | l,i . [0049] Th
N
' 1 i 510
T R e P B PR 510 o5
157 S o Bt PSR ol g 111511
functi Qaﬁﬂaﬁaﬁlgﬁgqggﬁﬁ%?g?ggfeec&fu‘&lg PRCIWRER WS si jsgate of the DCG

transi stor 5006 i to receive a dual convef’sion gain control

si gnal obh&ratddli¢he H%ﬁsf_é&'%ax%%&%fd @andédsthe QRhFgel cotledtd b is gem

erated,”. .theD¢G transistor8.(6.is.activated :wWveh, eonneets thefloating
di f f uSiphBtdsRASGBIAR the floatingalfabiofregioh 5005 THe gdie of thdsougo®odi ment, one

follower transistor 512 is connected to the floating diffusion region 500. A

source/drain terminal of the source follower transistor 512 is connected to the
array pixel supply 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 conversijon gain control
signal DCG. When the dual conversion gain control signal DCG is
genérated, the DCG tranéistor 506 is activated which.connects the floating
diffusion région 500 to the capacitor 508. Asin thel prior embodiment, one

16



16 WO 2007/ 016168 PCT/ US2006/ 029050 plate of the capacitor 508 is also the
gate of the DCG transi stor 506 and receives voltage fromthe gate control

si gnal f&8Y0RWEOBAE transi stor 506. [0050] FIG 8 is a PCHURY06DZGT0am
illustrating an exenplary operation of the pixel cell 550 illustrated in

the T ?r»#e@fﬂﬁe%éﬁc@%pr%h@%ﬂé” HhESteicbehe DO aRalReie hppl 1 ed 1o the
. 11 TerRupe otk PRGNS Rl SerdroR (33€§Teaﬁfr<%be' pe a%to'éY i ng- i agr am and
that it is immaterial whether a signal is |Ilustrated as being active |ow

I Y i T iy s A
5 o e o I B e e
VAR Pl HUE BRROGRT e Ton LR s SR G RgPReded”t rough the

r eset tranS|stor 510. The reset si nal volta e Vrst associated with the

reset mignAliRQWaisrappliedio th@ga@rpféberowelﬂst B‘@FSIIS‘,TOITEH& (shewadsf ol | ower

transi gt or 512 nd aCtﬂQ\;%i r oW gel ect traaéi};tor 512, is applied to a

col um ep}&agtb ulch Be appreriated dhat FiG. @GéaPFI G 9) and then
sanpled and held he pul si of rese .e ang l.d signal SHR

(act i vEXRMHY ;1‘ &H?d“{]ﬂ'@téféémﬁt?%ls‘ﬂgp @H&rge accunul ati ng
in the 0 ot 50 transferr t floatin | ffusion region 500
when t (BUS IIF t&ﬁ i}e"tﬁa\?‘é“’@gm”r%‘l'nﬁ'ﬁ?‘dﬂ%qc%& fAQ e&ﬁ‘%iegh@\/\m as being active

Lg\th ;8 F@&igﬁ e u?xrfelan oancfs fc\gl{?1 ® tl.l ?stria(Eedt conttroﬁls?gtnoarl tg allguve;rtle tR pzel signal

component the signal is controlling.

[0051] The floating diffusion region 500 of the pixel cell 550 is reset by
asserting the reset control signal RST (shown as being active low in FIG. 8) at
the same time. This causes the array pixel supply voltage VAA_PIX to be
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 ofa '
reset sample and hold signal SHR (active high).

[0052]  During the second time period Ty, charge accumulating in the
photosensor 501 is transferred to the floating diffusion region 500 when the
transfer gate control signal TX is asserted (shown as being active low in FIG
8Y arid ac'mrates e T tharisistor 516, The ‘piscel signial wltage stg1

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



associated wth the pixel signal charge stored in the floating diffusion
.region 17 WD 2007/016168 PCT/ US2006/ 029050 500, as output by the source
fol | ower WQ aW301416% 512 and activated row sel ect transPET/HF208¢/829050s appl i ed
to a colum line connected to sarrple and hold circuitry 265 (FIG 9) and

t hen san&l ed and held by the lgagSI ng of a sanple and hold pixel signal SHS
(act i v8Ohiagoutpubby the saurce éoliciver trarsieton 532 andactiyateckyone selgctof t he pi xel
cell 550, the follow ng operations are performed duri the third tinme

per i od traasistar 514hmp:p1@% dummdline epnriestedotal sagnphuamig holde period Tc
oper ati ons, may be perforned for every readout operation or only when needed
to avoFdceitey 265,/dGe Ahand thensampled saddeld biyhe nilsing ofia samplehen a

controller or i rocessor determ nes that the amount of incident |ight
wi |l resdhol qlmelélgﬂal?séﬁ ‘mhxgka+ on region being saturated. [0054] During
the third tinme per| od To, the dual conversion gain control signal DCGis

applied heing ag¢tiye lowin FIG 8). _This, causes the DCG
transi st &@06 t dOBRESARE t%‘@%ge%ﬁ%@@ﬁﬁ’éif’gﬂ%%m%ﬂ P30y theyi £ f usi on

region(fgli‘)p o the ca aC|tor 508. The fu rge wi thin the floating

di f f usfiPWing eperstio e pre parformed durpg g ftwpﬁnpdéfocébac. tor 508. The
transfer gate control signal is applied (shown as being active lowin FIG
8) to sheouldberotetdhat thedoBowingithird timre pardod Thopeeations mgy bear ge from t he
phot osensor 501 is stored in the floating diffusion region 500. The now

pi xel petformed\for é@@? rvad ot spaatonbe dnly hehheeded 2b avbliieie char ge stored

I n the floating diffusion region 500, as output by the source follower

transi ever cdpheity anedittdri deéc&ﬂedfabbee,lm:,c,twhe:aa&bah@ﬂleﬁbmma applied to a
colum line connected to sanple and hold circuitry 265 (FIG 9) and then
sanpl epracedsdradetehmirtels¢hat the amount of incident light will result in the

floating diffusion region being saturated.

[0054]  During the third time period T, the dual conversion gain
control signal DCG is applied (shown as being active low in FIG, 8). This
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 s1gna1 is apphed (shown as being active low in FIG. 8) to
activate the transfer transistor 516. The remaining c:harge from the
photosensor 501 is stored in the floating diffusion region 500. The new pixel
signal voltage Vsig2 assoeiated 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
pulsmg ofa third sample and Hold pixel signal SHB {active lrngh) The three
sampled and held signals may then undergo a correlated sampling operation

18



pul sing At a thl M santpie and, hold, pixel signal.S {active* high).- The
three sanpled and held signals nay then undergo a correl ated sanpling

oper at i oWO 207616807/ 016168 PCT/ US2006/ 029050 t o obt aFGT/USR0ER90M pi xel
signal level (e.g., (Vrst-Vsigl), (VWrst-Vsig2)). As in the first enbodi nent,
both of the signals y, be ,converted tq _diqital signals nd sent to the

i mage pet%e&%?h 2&”‘8&18“ eveif(e-thVf%gV@ngV §St7}é‘§l8%§' %éﬂect ed for
conversion_ and genf to the inage processoy 280. [0055] It _should be noted
that if tgfirgbem egtféothpg?h%ﬂﬁ%lamw ¢ eonyeried te digital sigoals, t hen t he

hi gh dynami ¢ range control signal HDR woul d appl.jed throughout all three
tine pefhgdgentty thegmage nrQC@ﬁgnf&Q,pﬁa e P{)ﬁe twapignalsgnag e r enai ns

active during.he charge infegration operations. i s photosensor prevents

bl ooni nééiFFtS&fB’éEQR‘Fq ?‘M“’I’ﬂ@% P@F?Q?@Ft;gas descri bed above may be

formed in a substrate using known nethods of transistor fabrication to form
the tranghst,0rs gas.de | be rei.n i e enbodi Jayouts.illustrated in

FIGs. 3 gﬁ{ﬁ% Th sm&%&%@&@%ggyﬁgﬂu%ipr ngiﬂ}lg%g?%‘&n be forned as
any suitable ph sensitiye,structure for conyerti | ght otons into

el ect r oR¥€ E’ﬁﬁ‘g‘lt gg@ﬁ.ﬁpﬁé&? 14181'}1&&155?1&1:@8% Soﬁﬁﬁgﬂgﬂﬁﬂ?{d]* ﬁ'@u&ﬁ g{eos ensors

401a, 40Q1Db,. 0lc, .401d 0l .are_pi.npe 0 | odes 0 e hey may be

f ormed ggphfﬁ 8&5}"8’51, agéﬁ{ﬁetq@e HEBBQ%?AWO b,;;dtgn%{s%? w& si ng devi ces

conpatible ,with the inventio "[0815)?79]{1 FIG 9 il|ustrates a hlock diagram of
an exenpleasitanmi8 remained UG apg Bitegration opgratignsrelhist pixel cells
constructed in accordaﬁﬁe w,t h_the comhi ned dual conversion gain transistor

and capREPISENSERISYERiERIQONNAS fropLACCHEHDE: (i . e., pixel s 450a, 450b, 450c,
450d (FIG 3),

[0056] The pixel structures described above may be formed in a

substrate using known methods of transistor fabrication to form the
transistors as described herein in the embodied layouts illustrated in FIGs. 3
and 6. The photosensors 401a, 401b, 401c, 401d, 501 can be formed as any

~ 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
arrénged in & predetermiried nuinber of eoluﬁimfan&:‘roﬂrs',Znotvshowh)-.- e
Attached to the array 200 is signal processing circuitry, as described herein.
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pi xel 550 (FIG 6)). Pixel array 200 conprises a plurality of pixel cells
arranged it a predeternnir nunber'of eolumms-and--rows (notHsshnwi).

At t achedWMD200T{R16368 ay 200 is signal processing circuit rISCTfﬁ%ZOQ(é@QQﬁObed
herein. 19 WD 2007/016168 PCTI US2006/ 029050 The pixel cells of each row in
array 0 can b 5| rrultane usly ZBSIat d, an t he pi xel ceIIs of each col umm
are sellhepivegells of dHay 4y ap e gimu %%?@&IYIQPﬁé%ﬁe deand urality of
row and, col u I nes rovidedq for the entir array 200. The row |ines
are seltbépﬁfi%dsélftq age pelortively, en SIWSP?@%YR)@B% row addr ess
decoder 20 The, col u Iect l.in are sel ectivel activated by a colum
dri ver selegt fines, & gﬁ@gn BF E&F@é@%é&%ﬁ@w ded. Orﬂ?ﬁﬁ'l & row and

col um add royi ded fo ach pixel cell 58] e, CMOS i mager 300

i s operRia @yfth?é'p r&ﬁﬁIQFBI‘I?IB’cﬁChVEI @1'9?5’ Bontrol s address

d d 220, 270 f I t t d I I f

pi xel FEHTIE O T0Y ?s% Serrend itk ded eg{:&%@%@ ReRTRlEnd col umn
dri 2 Q fhat th to th

i ve EFHKER Wec@vmﬁngéﬁ‘i@waﬁnw%?fﬁ cofhappddreitdoris 2805 Col um

' I Wh h t I | ud t Vr st dth I xel
rage. Sruihen o bl et achfrel S toligtf oSSt 8T hola b reuit 25

associ at ed W|th the colum drive 260. A si gnal is produced by anmplifier 267

L00 CochBSIE T BB O el he BRTRERRASofl B L, Converer
EEL R AR i I
ConStr et e prifte 367 ARG Y fifleffbr PERAGEAES . Ghe! d¥htidl R D0

also controls the row and column driver circuitry 210, 260 such that these

apply driving voltages to the drive transistors of the selected row and

column lines. The pixel column signals, which typically include a pixel reset

sigoal (Vrst), and the pixel image signals (Vsigl, Vsig2) are read by a sample

and hold circuit 265 associated with the column drive 260. A signal is

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 siénals 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 mcludes a processor 302 havmg a central processing unit (CPU)

for image processmg, of otheri unage handlmg operatlons The processor 302
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The processor system 308 may be part of a digital canmera or other imaging
system The imager 300 may receive control or other data from system 308.
Syst em 30W0 2¢9Z0L1€é8 a processor 302 having a central prB@Hy&%@ﬁ’/@ﬂﬂ ( CPU)
for image processing, or other inmage handling operations. The processor 302
20 WD 2007/ 016168 PCT/ US2006/ 029050 comuni cates with various devices over
a bus 309mmsyRicaies with vasipus dsvices aveta bus 804t emewf thedepicssi de

comuni cation into and out Ofvééhe system 308; an input/output (I/0O device
306 and CQﬁnﬁ‘?ﬁGéitﬁéh@gW 3@4 provide comapputicainen intgaadseittrofdbasystesnt i on

devi ces. Ot her deyices nnected to the hus 304 provide nenor for

i nst ancs08gan M@Eé&&h&%‘ﬂ?ﬁywm ap imagingdeyigerdealimages ﬁé@/y 315.

[ 0060] The pr.ocesses ,and devices descrjbed above illustrate preferred
met hods 3@ SUEly FPBAIUIYEHGM: e‘aﬁea«réa&er devices gpanested e thebs 3Mbduced. The

above descrjption and drawings illuystrate enbodi nents, i ch achi eve the
obj ect s,PrPEEfq}F‘@g}OI'Xr@r mgmeagégn@w%eﬁr%gmm :}’Aﬂ)nqr However, it is
not intended,t hat thesﬁéesent invention be strictly limted to the

above- d¥EROVRBle MeMPTY3lvst r at ed enbodi ments. Any modification of the
present invention that comes within the spirit and scope of the foll ow ng

eairo R, oA bbbt iRl
ogi on. TReGdp ARG yPRahdraets . menk Huft Wi BF Hied ERAHrEdited o The

above description and drawings illustrate embodiments, which achieve the

objects, features, and advantages of the present invention. However, it is not
intended that the present invention be strictly limited to the above-described
and illustrated embodiments. Any modification of the present invention that
comes within the spirit and scope of the following claims should be

considered part of the present invention.
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generated charge fromthe first photosensitive elenent to said diffusion
region; a capacitor; and 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 said dual conversion gain
transi stor formng one plate of said capacitor. 2. The imagi ng device of
claim1, further conprising a reset elenent coupled between a reset voltage
line and the diffusion region. 3. The inmaging device of claim1l1, further
conprising a high dynam c range elgggggnﬁpupled bet ween a vol tage source
line and the first photosensitive 4. The imaging device of claim
3, wherein said high dynam c range el enent can be activated to drain charge
fromthe first photosensitive element. 5. The inmaging device of claim]l,
further conpri si dg imagingedesicg comprisivgnsi ti ve el ement; and a second transfer
transi stor couplqua%%ﬁgen t.he gecond phot osensitive elenent and said

di ffusion regi on? OSF%‘fene elﬂ%i ce of claimb5, further conprising a

third photosensi Lifi¢§ tRINSRE fhnsidort ddupld beeweeh Bie firseptidtsdeasiticOlemest bet ween
the third photosensitive elenment and said diffusion region; 22 a fourth

phot osensi t anda diffisiomregignadsaid firstiiransferteansister farrtepnsferingrphotrpl ed bet ween t he
fourth photaosensitiyve | enen nd sai d. diffusi regh-on.. 7. The imging
devi ce of _ceaned clifes oRBansR PladRrbinfe clRbb b ER B0l a0t on gai o
the diffusion redicapacifdfanhe dual conversion transistor is

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 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. The imaging device of claim 1, further comprising:
a second photosensitive element; and
a second transfer transistor coupled between the second photosensitive

element and said diffusion region.

6. The imaging device of claim 5, further comprising
a third photosensitive element;
a third transfer transistor coupled between the third photosensitive element

and said diffusion region;
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activated. 8. The imaging device of claim1l, wherein the capacitor is
connected between the gate and source of the dual conversion gain
transistor. 9. The imge device of claim1l, wherein said first transfer
transistor has at |east a portion thereof angled with respect to said

phot osensitive elenent. 10. The inmage device of claim1, further conprising
a readout trunk connected to said diffusion region, said readout trunk,
said diffusion region being located laterally of said photosensitive

elenment. 11. An i @8k, géfﬁge‘?ﬁhﬁ@%eﬁi' g @ processor; and an imaging

devi ce connected to sa processor, sdid inmaging device conprising: a first
phot osensi ti ve elafisarth traasféd tiaisistor @ospled bétvaasthstfourtlc phpbsaisitieé ween t he
first photosensitive elenent and a diffusion region, said first transfer
transi stor febement and sad ditfisigaiegien. generat ed charge fromthe first
phot osensitive elenent to said diffusion region, a capacitor, a dual
conversion gain transistor coupled between the diffusion region and said
capacitor for selHetimaging deoizeectliatig | swheteii shidusipaditor @grees thet he capaci tor,
the ogate of the dual conversion gain transistor form ng one plate of said
capaci t or, &Raversign gainofdhe @lf’f@ﬁlﬁnﬁe%@uwh@uthﬁépwﬁvgsweg@m@@r fsage and the
di ffusion redg{i‘%ed 12. The systemof claim 11, wherein said inagi ng device
further conprises'a high dynam c range el enent coupl ed between a voltage
source line and the first photosensitive elenent. 13. The system of claim
12, wherein said high dynam c range el enrent can be

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

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

9. The image 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 photosensitive element.

11.  Animager system comprising:

a processor; and

an imaging device connected to said processor, said imaging device
comprising:

a first photosensitive element,

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,

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
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activated to drain charge fromthe first photosensitive elenent. 14. The
systemof claim1ll, wherein said i magi ng device further conprises: a second
phot osensitive el enent; and a second transfer transistor coupled between the
second photosensitive elenent and said diffusion region. 15. The system of
claim 14, wherein said inmaging device further conprises: a third

phot osensitive elenent; a third transfer transistor coupled between the
third photosensitive el enent and said diffusion region; a fourth

photosensi tive el PEleml%Hfjco%P e%r{\l?eeh %g&}?filtégre%ﬂé'tﬁécﬂffuﬁglé_ﬂ’é between the

fourth photosensi t| ve enen usion regl on e system of
claim1l, wherein said capacitor | ncreases the conversion gain of the

di ffusion regi on when the dual conver5| on gain elenment is activated. 17.
The system &8 c| digsystempfelagn J 1; whergigsaid lfr@glrigsdewﬁ ABEEEGOWETiiEen the gate

and sour ce. o dyfafiielanSOOURER AflpRabNIGRIVORA soul ik IBaskRM Of ol arm

11, wherein ran respect to said
phOtOSGﬂSOfph&ﬂgﬁ@ﬁw@h&n&MﬁteﬁlOf claim11, mhereln said capacitor and a
readout trunk connected to diffusion region and said first transistor are

| ocated laterally of said photosensor. 20. An inmging device conprising: a

first photosensi yie, &leupihim o LBk LAALLAYIEAISARL UerfYBLEH, DOt veen

the first phot osensitive e enen on regirron, sai rst
transfer tracpratddao didih chdrge $ioat the figst phofosensitive element.

14.  The system of claim 11, wherein said imaging device further comprises:
a second photosensitive element; and
a second transfer transistor coupled between the second photosensitive

element and said diffusion region.

15.  The system of claim 14, wherein said imaging device further comprises:

a third photosensitive element;

a third transfer transistor coupled between the 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.
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generated charge fromthe first photosensitive elenent to said diffusion
region; a capacitor having a first plate and a second plate; and a

transi stor coupl ed between the diffusion region and the first plate of said
capacitor, for a controlling conversion gain by selectively connecting said
diffusion region to the capacitor, the gate of said transistor being
connected to the second plate of said capacitor. 21. The imaging device of
claim 20, further conprising: a second photosensitive elenent; and a second

t ransfer trqg§isﬁ%ESﬁ&ag5$gkﬁngegﬂm£ﬁﬁﬁﬁﬁ%§%9%?Q@#gﬁﬁ@g@ﬁh¥%}teIenent and

said diffusion regro i agi ng "devi her

conpri si ng: comectedrte diffigicnsegion tahd saié fiediemahsistor irdiléchtddrlatesdlBrofisaidnsi st or
coupl ed between the third photosensitive elenment and said diffusion region;
a fourth ph&heessseti ve el enent; and a fourth transfer transistor coupl ed
between the fourth photosensitive elenment and said diffusion region. 23.
The i magi ng device of claim20, further conprising a high dynam c range

el ement coupbed betiweghgadeviveicag@risiagr ce |ine and the first photosensitive

element. 25 24. The i rrag)ltsng.devi ce of claim 23, wherein said high dynam c
range el enent cadirfehqtasensifivecrlemenir ai n charge fromthe first

phot osensi t1ve o) SiiB s P waflifol ARBIBAR I8 A HhGhThE0 e Hifkhe"

conprising a reset elenent —coupl etvieen a res “r'ne”and the
di ffusi on ragd 8diffidfon répen] MR raeléraRinsiktot FatitimaRrringhstodd-n sai d capaci t or

i ncreases the
generated charge from the first photosensitive element to said diffusion region;
a capacitor having a first plate and a second plate; and
a transistor coupled between the diffusion region and the first plate of said
capacitor, for a controlling conversion gain by selectively connecting said
diffusion region to the capacitor, the gate of said transistor being connected to the

second plate of said capacitor.

21.  The imaging device of claim 20, further comprising:
a second photosensitive element; and
a second transfer transistor coupled between the second photosensitive

element and said diffusion region.

22.  The imaging device of claim 21, further comprising:

a third photosensitive element;

a third transfer transistor coupled between the 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.

23.  The imaging device of claim 20, further comprising a high dynamic range
element coupled between a voltage source line and the first photosensitive

element.
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conversion gain of the diffusion region when the transistor is activated.
27. The imagi ng device of claim 20, wherein the gate of the transistor
functions as the second plate of the capacitor. 26

24,  The imaging device of claim 23, wherein said high dynamic range element

can be activated to drain charge from the first photosensitive element.

25.  The imaging device of claim 20, further comprising a reset element

coupled between a reset voltage line and the diffusion region.

26.  The imaging device of claim 20, wherein said capacitor increases the

conversion gain of the diffusion region when the transistor is activated.

27.  The imaging device of claim 20, wherein the gate of the transistor

functions as the second plate of the capacitor.
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