WD 2004/ 112376 PCT/ US2004/ 018425 DUAL CONVERSI ON GAI N

| MAGERS FI LED OF THE | NVENTI ON [ 0001] The invention
woeb@tias7general |y to i magi ng devi ces, and nor @CT/US2004/018425

particularly to dual conversion gain inmaging devices.

BACKGROUND [0002] Inmagi ng devices, including charge

coupl ed devices (CCD) and conplenentary netal oxide

sem conductor (CMOS) imagers, are conmmonly wused in

phot o-i magi ng applications. [0003] A CMCS i mager

circuit includes a focal plane array of pixel cells.

Each one of the cells includes a(ghotoconversion

devi ce or phot PXEALoCONYERSIONf GAIMNEMAGERS

phot ogat e, phot oconductor, or photodi ode, for

generating and ac ' - d charge in
a portion of the sﬁ@@bf%ﬁ?ﬁ&ﬁﬁ;@f&&i r eadout
circuit is connected to each pixel cell and includes

at [loed3l an TowtiBWntidd ANeESEQK bGhh MRS

phot o- gnerated char ges fri%% grd ped §?§§§§¥§nsf%§1gﬁ”e
apdrtpnbdlycesizmh connapsion ghiprialagifmdesicesr ead- out t hr ough
a pixel access transistor. [0004] One typical CMOS

i mager pixel circuit, the three-transistor (3T)

pi xel , contains a photoé@% 59338F3§prlying

phot o- generated charge to a diffusion region; a reset

tr ihst or I ' . di fif usi on regi,on;

s D02 o1 | el B RaeeP dp el b L B o) and
t Bem@lenicithgmeRDbRAAe sélcoRHAEE (0B1OB) iRbEd ars cORhonly
and a row sel ect transistor for selectively connecting

t hecdsigphaso-ifmingmaplicatéorsi stor to a colum line of a

pi xel array. Another typical CMOS inmager pixel

S HPERI Lo BrEMQR IR sh e fbeal pne agay of pixelcells
t FaRSbRE of HANSIR t X ud & %&OE&%&@& BE@@{‘ hg ﬁggms%nésor such as,

phot osensor to the diff on region an
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accumulating photo-generated charge in a portion of the substrate of the array.

A readout circuit is connected to each pixel cell and includes at least an output
transistor, which receives photo-generated charges from a doped diffusion region

and produces an output signal that is read-out through a pixel access transistor.

[0004] One typical CMOS imager pixel circuit, the three-transistor (37T)
pixel, contains a photosensor for supplying photo-generated charge to a diffusion
region; a reset transistor for resetting the diffusion region; a source follower
transistor having a gate connected to the diffusion region, for producing an
output signal; and a row select transistor for selectively connecting the source
follower transistor to a column line of a pixel array. Another typical CMOS
imager pixel employs a four-transistor (4T) configuration, which is similar to the
3T configuration, but utilizes a transfer transistor to gate charges from the

photosensor to the diffusion region and the source follower transistor for output.



[ 0005] Exenplary CMOS imaging circuits, processing

steps thereof, and detail ed descriptions of the

wounomitiizate of various CMOS el enents of an i magPag/US2004/018425

circuit are described, for exanple, in U'S. Patent No.

6, 140,630 to Rhodes, U S. Patent No. 6,376,868 to

Rhodes, U. S. Patent No. 6,310,366 to Rhodes et al.

U S. Patent No. 6,326,652 to Rhodes, U.S. Patent No.

6 204, 524 t o Rhaodes and U.S. Patent No. .6, 333, %QS tP d
1 Thexsraplpg<eMEaS sPagiagirgrits IREOCHEPg SToRy Tartgon an

nco refer . .
e%tt?lp:étéf R}%&)s e?%ncéarogs o?@&r?%%?gf{@s cﬂ:rﬁ«ﬁﬁ% bf an imaging
YRlaPe dEJ&ﬁbEa ok ck¥Bles B0 S\ EBrént oo 180630 anBhodes, U.S.
p ot osensor and a IOMIcapaC|tance floating diffusion

regemriNo. 81376,&tsi Rhodon .8sDatest Ne. ém%@@ o Filyoles et al.,
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q{gfg gpa%ﬁ%lé NG Cg’ﬁg?t%e tool&hb(i'%g ®h &Q(ﬁbﬁf‘rés 8f BlcBhbf the

ity dsensor har ge
g&x&%m haaby detodpdifatisd l@;ﬂrdf&@hwlhéreuﬂmmhelt&nlmmgiy
ful capacity and dynamic range. This |nager
however, has a | ow conversion gain and poor Iom; £
sen80o6 i t yThéeoogtwagened! mges of mprgices. | §he Fﬁé&fpea‘fﬂin 1nes a

desire for an,im oth excell

P GPAHANG KRG RGP doS saragbce st A esion
T Qoﬁﬁﬂﬂ&ﬂdrﬂ%’ (S BaPh eg %tk?l'ﬁ hreaaeérsitint ghih ARE @¥edlent
| ow 11 ght ~ performance an ynan1c range. [0009]
Thev RBavenandicptdiepdoe aigrumsc Lange ankl fow Aglbsclcepacity. A

achieved in various enbodi nents of the invention by
psagwndityps effimiagageemipines adugh chagn gapasigphgipsensor w ith a high

floating djffusion reqgions ver

| Seh b RS RO & Sy HEY AP Wl Bty and

S o d 1
PFshic fule. TP SRRBE HENEor, By | comi@ition gatn and poor low

cggﬁﬁkgmgnmgaln to achi eve high dynam c range. A dua

converS|on gain el enment is coupled between each

floatin
[0007?

excellent low light performance and high dynamic range.

Accordingly, there is a need and desire for an imager with both

SUMMARY

[0008] The present invention provides an imager with improved low light

performance and high dynamic range.

[0009] The above and other features and advantages are achieved in
various embodiments of the invention by providing an imager with dual
conversion gain floating diffusion regions. The dual conversion gain regions
yield (1) high conversion gain and sensitivity to achieve excellent low light
performance and (2) high full well capacity and conversion gain to achieve high

dynamic range. A dual conversion gain element is coupled between cach floating
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WO 2004/ 112376 PCT/ US2004/ 018425 diffusion node and a

respective capacitor. The dual conversion gain el enent
wewd4ahesei n t he capacitance of the capacitor POTEIS203018425

the conversion gain of the FD node froma first

conversion gain to a second conversion gain. The

i mger may be a CMOS or CCD type i mager. BRI EF

DESCRI PTI ON OF THE DRAW NGS [0010] The foregoi ng and

ot her advant ages and features of He invention .wW

A AL Falr o Siperitioppent

| ar enbodi ment r oV
CRL R SRR hP ol e BB L RERARDG R of he
D! Hh R rﬁ%@ﬁ JaieTer) QRESAdIEs Beriion gaeor T e
mntﬁgggénp arystnbod%#gkgghg?%the inventfén; [0012] e

Fh&pbe 2aCRIOSive QD entd mhagdragr ans representing the
transfer of charge during an operation of the pixe

oots] A6 ERrge PrsERIBTToR ok e PGS, o
t he pi xel !Ilus.trated in FIG la; [0014] FIGS. 4a-4c
ar ipa gbﬁnt L e %I%g HEhE fcﬂ%ahﬂ%eg hed K806 oF tff invention

uring an atiron of the pixel illustrated in

FMH béc%n&’@ﬂl%&e ?ﬁ; @Iﬁrﬁ‘bm| th e t-tled dietdripnion] ﬁ&]xﬁ]npl*r’al@

5a is a graph ustrating pixel signals v. |ight
exrpbsdinserttaipiovidecabeloperish refereore thEhqpIckEMPRANY BS Ay Ees In
in FIG la; [0016] FIG 5b is graph illustrating

aWPH§¥ed pi xel signal v. light induced electrons

duri ng an operation of the pixel illustrated in FIG

i | |[0%t1\fft ZO@fég 12318 JRCOMSZ0RALLA S48 cohfBicttd il fxcoldance

a top view of an exenplary layout of the
Piviedl excmplary embodiments of the invention;

[0012] FIGS. 2a-2d are potential diagrams representing the transfer of
charge during an operation of the pixel illustrated in FIG. 1a under a first light
condition;

[0013] FIG. 3 is a timing diagram of an operation of the pixel illustrated

in FIG. 1a;

[0014] FIGS. 4a-4c are potential diagrams representing the transfer of
charge during an operation of the pixel illustrated in FIG. la under a second

light condition;

[0015] FIG. 5a is a graph illustrating pixel signals v. light exposure during

an operation of the pixel illustrated in FIG. la;

[0016] FIG. 5b is graph illustrating adjusted pixel signal v. light induced

electrons during an operation of the pixel illustrated in FIG. 1a;



illustrated in FIG 1la; [0018] FIG 7 is a CMOS i mager
pi xel constructed in accordance with another

weoexenpliz7y enbodi ment of the invention; [0019] PETBS204/018425
illustrates an exenplary |ayout of the pixel
illustrated in FIG 7; [0020] FIGS. 9a and 9b are
potential diagrans representing the transfer of
charge during an operation of the pixel illustrated in

FIG 7 under a first light condjition; [0021] FI .
10406kl 10bFKp O BlsEpics a[toRvisyT gﬁ%n F@&é‘%@ﬁ?}% ﬁ@e pixel
t.r.ansf er . charge during an operation of the pixel
ilp}l{}ﬁtfgtl%gﬁghlfﬁ G 7 under a second light condition;
[0022] FIG 11 is a portion of a CCD i mger

CongbIsFt edFi@. RE&COCHADS émagér pixelrcopx@ngediy accordance with
enbodi nent of the invention; [0023] FIG 12 is an

exsrthtaeseniprayembahsentef € ihvendisr dance with an
enbodi nent of the invention; and [0024] FIG 13 shows a

pr r-s em.i ncor porating,at,lea e :
el PEESLonak ok alyrinra b grenid) PR be Bl pereg in
tf}ﬁ;iﬁventi on. DETAI LED DESCRI PTI ON [ 0025] In the

f owi ng detailed description, reference is nade to
the acconpanyi ng draw ngs, which are a part of the

spgoDROtat | BIGS a9 wkicpotiestialstisgmmsyepregernsing the transfer of
illustration various epbodinents where i nventi o
neljerge dupngen mﬂ%&eaﬁﬂiﬁrﬁ@ 1&%‘(% ggﬂ?‘ii% ‘ishﬁght

suffi.cient detail to enable those skilled in the art
t SPNHR8%and use the invention. It is to be understood
that other 4 WD 2004/ 112376 PCT/ US2004/ 018425

enjpdbMent s 1@y, Pea sid 10B etk paedtilhdbgainsuepiesalting the transfer
|l ogical; and electrical changes, as well_ as changes

i of tiregednenganopesathn ofthe paxahalbistatachis il G epardsrigsecond
f th
Lgfﬂ conedition;

[0022] FIG. 11 is a portion of a CCD imager constructed in accordance

with an exemplary embodiment of the invention;

[0023] FIG. 12 is an exemplary imager constructed in accordance with an

embodiment of the invention; and

[0024] FIG.13 shows a processor system incorporating at least one imager

device constructed in accordance with an embodiment of the invention.
DETAILED DESCRIPTTION

[0025] In the following detailed description, reference is made to the
accompanying drawings, which are a part of the specification, and in which is
shown by way of illustration various embodiments whereby the invention may be
practiced. These embodiments are described in sufficient detail to enable those

skilled in the art to make and use the invention. It is to be understood that other
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spirit and scope of the present invention.

Additionally, certain processing steps are described
wand4aipasti cul ar order of processing steps i SPCT/US2004/018425

di scl osed; however, the sequence of steps is not

limted to that set forth herein and may be changed as

is known in the art, with the exception of steps or

acts necessarily occurring in a certain order. [0026]

Zab é&%&‘m&%@rgm@%&@é@’ BBy 1oBieeh g Sieceica Changes,
?@% aschwa_gl nsu atgr aél% Discd n’?‘dxj(}t g{hofig Rt Qilalb&%ng from the

Senv co epl tax

8 shdPdcopk |df QHE‘ re%é&&ﬁﬁﬁérﬁ%nbYA@dlﬁaﬁﬁﬂﬁ eettaienstoctsing steps
undati on, and Fher sem conductor structures.

Faxetd&ecnthmd@,nd/mmrucelfae pater ©f psoqestieg sispa is'disdlesed; bpwever, the
"substrate" in follo des tion, evi o

preasess S gt VG5BTt IET [ BB ACTESY Mt RS e e a i
s C\%lla?{gu 16 are, S{tﬁ Exécﬁﬁgﬁ f ('ss Obr ks tn'%@es?ﬁ'ﬁﬁ occurring in a

ure or hdat i on. In addi ti on,
t hg3€Bk&enduct or need not be silicon-based, but coul d
be based on silicon-germani um germani um gal ['ium

ar seni de, or other knovvn se‘[ri condugtor nBterlaIs
[ 04Q0R6The Whemermy Seafer’rasxdesabssats” gHotbbe pageiTtoqshas

cel |

pif?é?ré ggé%wéqq}%i ?Srlgﬁlg EoC n\ésg? gﬁq%ggl\éuﬁgﬁlapor r{SOI) or silicon-on-
%@M&J ggbﬁ @%tzéd IHPrBm s atsEHﬁ@ﬂﬁﬁfct&s réiﬁ'taﬁfal R@ers of silicon

toconve sion device. The pi xel s
&@%W@ beidkeati€orductatfoahédiandndesber paricasductor

|nvent|ve modi fi cati ons to four transistor, (4T :
chtreatites. flonthdrmosekehesy resrenns i rre%ﬁefo 3 1VafRb u?% SE‘&SU“C n

u ood t.hat. t.he i nventi on I.S_not
¢ R TISPaE CAF P Bt ey BEPLmal Ty e it form
131?&% ' ase 3dthic@ndub®@i 8tructure or
g’%bmag t han o%t?ﬁ%drl g%ﬁ%ﬂ ﬁl&?}f) hough t he
l EMEHaOR. ITs dRlGH, R stiaicehductor hhed abebeniicon-dasdsk but could
architecture and fabrication of one pi xel B%dt shonl
b@ednaamigm@@gonmmwmu@,@rmwﬂabmrp%% egOr other known
plural i xels in an array of an imager device.
I ﬁerﬁlﬂ? %‘tF’H Ergh the invention is described bel ow
with 5

[0027] The term “pixel” refers to a photo-element unit cell containing a
phofoconvcrsion device or photosensor and transistors for processing an
electrical signal from electromagnetic radiation sensed by the photoconversion
device. The pixels discussed herein are illustrated and described as inventive
modifications to four transistor (4T) pixel circuits for the sake of example only.

It should be understood that the invention is not limited to a four transistor (4T)
pixel, but may be used with other pixel arrangements having fewer (e.g., 3T) or
more (e.g., 5T) than four transistors. Although the invention is described herein
with reference to the architecture and fabrication of one pixel, it should be
understood that this is representative of a plurality of pixels in an array of an

imager device. In addition, although the invention is described below with
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WD 2004/ 112376 PCT/ US2004/ 018425 reference to a CMOS

i mger, the invention has applicability to any solid
webtei4a12376mgi ng devi ce havi ng pi xel s. The fol | earmg2004/018425
detail ed description is, therefore, not to be taken
inalimting sense, and the scope of the present
invention is defined only by the appended cl ai ns.

[0028] Now referring to the figures, where like

reference nunbers designate |ike ele q} , FIG lﬁ
SHEEICAR0 6 XEMSIS FyagarbHisi EFRICS hag ADRRERPiktygy sl state

10a of the i,nventi.on. Sim ] AT Di: .
T e
didtftl e ORE Brididonsé rascthe scdpadibing tpeesehé invehtion is

transfer gate (TGI), reset transistor 16, source

fddfinesdvenlyt bytsd aipenddd clhimds.r ow sel ect transi stor 20.

In the illustrated enbodi ment, however, the pixel 10a

al so _includes a_dual convegrsion gain,element

cof92Rir ed Dewareforang it fiay g%‘éfcf’ ¥ hkgﬁfégggeﬁcle fagRes

capaci t of 3 ) prdh L nhSodifithi 895 €MOS
BBk ke 5@‘?99%5@- %‘%Seh‘%%???é’?é%# izt o iRt

dasGet pREL D& eFtHennv@ttrd eSiilar tAmost 4T pibdgatre pixel 10a
apparent, the dual conversion gain transistor 3% and |,
ciaplades oph8®stason 12, floatng diffusiorgaede 24 (EP) ngarsferdgnsistor 14

for the floating. diffusi de 22. [0029] The.
POROBHAIE (DO, 574 HOBFl o CASr L0 Bt Blsasbp and row

T gﬂaggstgp 309 qnctﬁg Eﬂ%ﬁs@été?ﬁ&ﬁ@§&ﬁ?&ﬁ, HeweRY, 8R pixel 10a also
phot odi o g

e wtha pinning voltage Vpin, a

piehRE: Qe Casvesi@dgiin ckensapavifignredasphuimgmoe30 ¢PCGT)
any simlar photosensitive device with a_ high ch%5§$anovd

caphan tnypixehcapaeiton 32ASCARD e dhusyibe P AL it FNLEY

charge capacity. phot osepsor 12, i hot odi P .

o Dol R ropic ol Grch3s desgiph pRoR RGP 46l win

a ' ! ioRB4i - AP0 B
g e R e
ThénveRdioh gaiansREngZiicaitdotitledtbaringtdiffufibnaoda@2.

di ffusion node 22 via the transfer transistor 14. It

is desirable for the floating .djffusion node . 22 to
NaV0039] ow Themhoresense Lt HRRCPIEERABRAOR o Rsor. The

e her ALy BhofRenlof 19ndyPBe ¥pRobdioBE Riftl #BIgh Aining

voltage Vpin, a photodiode connected to a capacitor, a photogate, or any similar

photosensitive device with a high charge capacity. In the illustrated
embodiment, the high charge capacity photosensor 12 is a photodiode (PD)
with a high Vpin (e.g., 2.3 volts). It should be appreciated, however, that any of
the afore-mentioned photosensors could be used to practice the invention. The
photosensor 12 is coupled to the floating diffusion node 22 via the transfer
transistor 14. It is desirable for the floating diffusion node 22 to have a low
capacitance such that it has a high conversion gain of 20 pV /e to 150 pV /e or
preferably 30 pV/e to 70 uV/e.

[0030] The combination of the high charge capacity photosensor 12 and

low capacitance floating diffusion node 22 is a novel approach and provides a
6



[ 0030] The conbi nati on of the high charge capacity

phot osensor 12 and | ow capacitance floating diffusion
woad®/122376s a novel approach and provides a 6 YOI/US2004/018425

2004/ 112376 PCT/ US2004/ 018425 hi gh dynam c range to

the pixel 10a as will becone apparent below. In the

past, this conbination is avoi ded because the | ow

capaci tance floating diffusion node 22 does not have

g, char de. handl L0, SApaciN 410, Lecst e  Bhliohien e pas
t 12. |. i ; ;
R B3RS Ao B ayh el BECRAS the IV SapsRARIERAR AlTSGon node

?2 @bts fdrHabe _en(‘M‘gIPfhﬂ%@ hhYdipaddpycitprdfecaivoiall eble whibsrted

esigning a pixel due to the imge degradatijon caused
hjectivas dfoan glee bighrabargeargatigyphetosensor H3wdpahe Pass, Wis |
be discussed bel ow, the use of  the hi char . .
Saplin oo CRSa1ES SParES SHARTE B HEpHlsr LR taprial leht
diffusio ' hd o YheiRn
J@%‘&H i Pyg%%ﬁﬁ%%ﬁc g{r’]&vavl&? E&teﬁ:cfeg%g?{ C%E%g?giil on gai 1n 8¢
td%{lﬁiaﬁfogrcaa&daﬂdd&mﬁg'd sharidg anf0Bkucthdldwaver, as will be
conversion gain transistor 30 has its source term naj
odismseiddetlow, theaist o6 she highditargascapacifioplotpsensey 12rapd low

coapaiane? osuner g anen o 2AB G SRS Ay hen used in
Ec(r)o%{]ql?% S with th%égcl{f)ﬁg&rsﬁ% %agn Brafigor 3ONYRI &baA @3

Si gnal e second side of the capacitor
is connected to the array pixel supply voltage .
Vagopsx] U. Bhe Bailahvéision gaid 2Andstor 30 s ogeourdeterminal
di scl osure of which is hereby jncorporated by first sid
r efrereatecieroi the iflosting diffustgn ne@s ¢4 iaBéétSefﬁﬁ)‘Péfoé‘PF%t&d to a fust side

stprage capacitor at..may be.use .N=.pi . .

ORI SISy S B RSl Ko 20

&g&&%@%ﬂ& ao&uaﬁ 38n ecrsi%ﬁtgﬁ.ﬁpg&&&%lgr@ DCEAP e §Xbhad side of the

ere i's the charge "handl i ng Tapacitance of the

phghaeisens @bnidedXAthd @rdyhsixdisapply viodtage Vag-pix. U.S. Patent No.

capaci tance of the capacitor I"é‘g and QED is the ca}&ge

h&rAd9, 4 taBheilesadecdisslosie of FeHER dierehy GeIRMaty

22.. The dual conversion gain Si i:

D{E B IHEyE e BE AP0 PR RIEe Aoy ey PR PRy e used

| §s ARALIkdIAGaCiRE 30PEE & d&ftabie thitethe capacitance of the capacitor
32 is set such that Qpp < QCAP + QFD, where Qpp is the charge handling

capacitance of the photosensor 12, QCAP is the charge handling capacitance of
the capacitor 32 and Qpp is the charge handling capacitance of the floating
diffusion node 22. The dual conversion gain signal (DCG) is generated by the
image processor or other control circuit that is controlling the operation of the
pixel. This processor or control circuit may utilize additional photosensors or
non-imaging pixels to determine the amount of light being processed and to

generate the signal accordingly (as discussed below).

[0032] The capacitance of the capacitor 32 is switched into the pixel 10a

and coupled to the floating diffusion node 22 when the image processor (or
7



pi xel . This processor or control circuit may utilize

addi tional photosensors or non-inmaging pixels to
wdeb@rinalte t he anount of |ight bei ng processedpanaStm4/018425

generate the signal accordingly (as discussed bel ow).

[0032] The capacitance of the capacitor 32 is sw tched

into the pixel 10a and coupled to the floating

di ffusi on node 22 when the i mage processor (or 7 WO

2004/ 112376 PCT/ US2004/ 01842 ot her caontrol .

wthesantygl cigspitr apphes G5 bR gaig fORt0Y figpg) DCG to

[ I t t . [ i - .
203 oBE Aol ol P By ARTAEES| SRR fyparcnc below,
She Tt ABYnPensenesaicedeatr diffhaiaithed deppndigpepok dg

upon the application and/or user preferences. Once the
capplicadi@r aisd/ drsuseoprsfeardnees. rce thesapaciigr di2fis Ganplgd to the

2 oL Sy 28 Al e 2
t 0. i pat el - ' -
BRI TR B0 20 Ty ey phBaly 200 1/

tPRusBL floSQRY BIffish RIS g8 alsetXXd tanvessian ghinewierathe dual
conversion gain transistor 30. As such, the dual ,
camwersiom gaigaignal PGS itstnsrongthe il eomesion Sagpransstpn30. As
conyersion_ gain altering circyit for the f ' .
dfIe u&hf'oﬁiuq%éaévfzf?@[gé%‘%?mﬁtﬁ%gb |a8@|capﬁcﬂﬁ°6§?&§%‘l'éln“g Hersen
exs - Bk ficRtink Moy ARUE 00: FIG 1D
ig?ggbgé¥%gﬂggnge ET%%EP% whi ch the capacitor 32 is
coupl ed between the dual conversion gain transistor

30 [80d3Yr OURTGE! Bs-Nerillthieune bHeeraxemplarp enblodiuppis pf the

voltage Vaa-pix). FIG lc illustrate pi xel 1Qc¢.in
whivehtiohe Flfsod brillesiare @M@lﬂ@bc@p\a@cgéﬁe S3PasHAT 8% ds coupled

dual conversipon gain transist.or 4t

baaeROb BAE P GRSl R M LA g e ey
P| kG Fid. 1d limst@b 8pi@n0bes which the
eké(%n'lpﬁlfn]‘pgﬁé?lx 128 [ ﬁvvhi ch the posi t? oning of the
CpBsitibhig Gxharapddter 2andabavienkianvepiomgaindrasisistayr30 are

30 are switched (relative to

: ] their positions in th
Fr@schach(raladive ko mcxrewlqw,mfbﬁ)%‘fﬁﬁt 2 2 Lhgaretf 10809
t e,,dual conversion gain. i d i £ ith
t g’?g gaﬁlaus(t{aﬁ%st aéxé)ah%fchﬁlggary plxtc[ 7085 Wifictethe ﬁos?tﬁﬂﬁhgg e
capacitor 32 and the dual conversion gain transistor 30 are switched (relative to
their positions in the FIGS. 1a and 1b pixels 10a, 10b) with the modification

that the dual conversion gain transistor 30 is coupled to ground (instead of the

array pixel supply voltage Vaa-pix).

[0034] The remaining circuitry of the pixels 10a, 10b, 10c, 10d is
connected as follows. The reset transistor 16 is connected between the floating
diffusion node 22 and the array pixel supply voltage Vaa-pix-(e.g., 3.3 volts). A
reset control signal RESET is used to activate the reset transistor 16, which resets
the photosensor 12 and floating diffusion node 22 as is known in the art. For
simplicity, we activate the reset transistor 16 with an “on” voltage of Vaa-pix +

Vt-reset, where Vt-reset is the transistor threshold voltage of the reset transistor
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array pixel supply voltage Vaa-pix). [0034] The

remaining circuitry of the pixels 10a, 10b, 10c, 10d
woO2004c10287€ct ed as foll ows. The reset transi st oOPCTASR®4/018425

connected between the floating diffusion node 22 and

the array pixel supply voltage Vaa-pix' (e.g., 3.3

volts). A reset control signal RESET is used to

activate the reset transistor 16, which resets the

phot osensor 12 and floating. dif a{on node 22 as. i th
KefovrpiFailyt e valts. Tingy “overdeping) 95, s HrApuLtaer iﬁéﬁows ¢
reset tr.ansistor Wit h "Qn | X7t
U Ps g plee2, i oRE coille il bASF s it FALY e pix
Vﬁju% ?sgﬁiv%tagggusr aehot & ﬁ@&is&irf’ FedhiMhetRQ4/ptdditéGhe invention.
PCT/ US2004/ 618425 16, typically 0.7 volts. This

"Divesalrrte Follgwenfrrankistor detastitsagasé semrects! tl thevidpating diffusion
RO 20 Sl caparriRg bopsE e AT supBvalieag Yot e and the
Ibﬁlgl)fvlve%?%% %ﬁg%%%% yTﬂeegdf‘Héﬁeﬁl%Rve} Qraﬁgiéﬁ)tr'l%ec&ﬁ@rts the stored

€ ‘source ower transistor 18 has its

gaa8o CANMBTIRANE Qifflisord hodt RRgntd 4d eistical magat 2altapedignal
is connected betfween the array pixel supply voltage

VMaupi Thanokwiskect rawissed 2 is conaiediabledry 2mw yelectsignat 8S for
follower transjstor 18 c erts the sti)%ed tﬁharﬁ)et%tolta c
¢ S¢hecH VK CPRAC I RS SBHIk dlower transistain 8 And efis pyfbuc Yoltag
out vol ' I row sel ect transistor
Z%gﬁ%;it\{:oéﬁtt?)og‘%é%#gqglf Oaf\égdg%\(/ﬂé;eqlggbt signal RS for

sel ectively connecting the source follower transistor

18 [80851 he Autdxuinplodt thg @pesitipmad! thoytixd] d Oa (EBGUbe) under low
line of a pixel array. [0035] An exanpl f th
obghtatxiposutstis npw dsissceredwish cefrtsncg 59 HiSedas im%‘d rpgik FIGS.
expqosure i s now.described wth reference :

P34 G potentil Er Rl B TR o gl Buiddan

r t & Mk H@%&%Mﬂ.ngl@ns is a timin
oggéraﬁggr?fg?ckﬁ{gl %(?&;g]lﬂloaa under a first |ight 5

Cc @ididoh @ th&bferaBon of ehd piweinkPa. di agram of the

operation of the pixel 10a. [0036] Initially, the row

in which the pixel 10a resides is selected t h
acti0036i on Snivells tapsPwgh Ve His,pizel i espfmis sclketd upon the

Tgcetixjaltigralt()ifq;gc (ajqi)[f)rfo%%ia%nror\]@&?ccg gignal RS. The floating diffusion node 22
(FD) and capacitor 32 (CAP) of the activated row are reset by the pulsing on
both the reset and dual conversion gain transistors 16, 30. The reset and dual
conversion gain transistors 16, 30 are then turned on to establish the potential
diagram shown in FIG. 2a. The illustrated floating diffusion node (FD) is reset
to a voltage of Vaa-pix. A first sample and hold signal SHR is generated such
that sample and hold circuitry connected to a column line of the imager would

input, sample and hold any signal at the output of the source follower transistor

18 associated with the reset pixel 10a.

[0037] Once reset, the pixel 10a is exposed to light coming from the
image being processed. The potential diagram of FIG. 2b illustrates stored

charge in the PD region caused by low light exposure. For a low light exposure,
9



(FD) and capacitor 32 (CAP) of the activated row are

reset by the pulsing on both the reset and dual
woanmansi’en gain transistors 16, 30. The reset panasensak1842s

conversion gain transistors 16, 30 are then turned on

to establish the potential diagramshow in FIG 2a.

The illustrated floating diffusion node (FD) is reset

to a voltage of Vaa-pix. A first sanple and hol d

She %%Ltcf@'c%%éh%@g Sangy e ewﬁyhsﬁéhé? oed mat “3&& _generated
u | e
Vﬁc%t’f?élssg’gﬁé-‘%“%&nﬁs H?) / SI}%SI S or gjﬁgdgscg%:l at e tﬂ@wf 14

@%T esaticl t&‘@shs #R8chdr 8O3 ble dGRCRE TES €5 J:rahhiér hit&&hc F(I))anodc as
exposed to |ight comng fromthe image b

phosesindfG. Tre Auothénpoiat, tlic @gatam diffusian noge 52 %D has a low

illustrates stored charg th
| operigee s e COnFEGHOR ER IR D EOL P o

A B e o o

the

| ighiD gﬁa%éttqu no%'hﬁféers(hﬁﬁng Beéefuaﬂ ﬂi@ﬁglgﬁdx@oemmtw tiw and
signal TG turns on the transfer transistor

wbéabscHuspix + NpichAngthes sonpl¢ and hald sipat §Hlsllai§| gﬁ%%fated such
shown in FI.G

t he FD
' H (t)ﬁ‘f{fﬁglﬁ rlgﬂgﬁugv%w tﬁmlﬁn(lﬁﬁ)gfcﬁggﬁéat %‘{,VSVO‘%"m ut,
nggﬁ' t a%ﬁola'{ﬂe élag{?mp&sgew Rﬁﬁp&c%éxﬁf&?&ﬁ&%%é (a fransistor

Ebnvers I"on transistor 30 remai ns of

t Tg) eb%ﬁ’e[a't&ﬁﬂoﬁlbl@ ls@@plifig higrhtebeeded tosulinect Phe sxmplcd
the" FD and there is no charge sharing because t he

| gl () Fom shrsanplese: Vel Pk ) yfisicrmine the
ot
ik S B CAS S CE o ERy ) T S e P ERR0e

i mger would input, sanple, and hold the signal

18)3[%% ﬁ ed Wlh tlg%gglI(Sﬁas@{a? {s'85H, Chargsild ¥Hedris@isdasd dntrol

rel at ed e sanpling may then be used to
SHighKIETG rhiigraaeatanstor possisor JidgTET] BHEEK) o st@m thedual

sanmpl ed reset signal (SHR) to determ ne the
S icgmdrsion igpin mg@;ﬁ deCehis ,g@)@erage da W qqtvates th 9 ﬁ{.l%.(l conversion

2 fégﬁ%zﬁ%ffs&ttﬁ%e%‘g ?Dglr%f hﬁl‘?% ltt‘h’e ?ﬁg ans% @S&t&l{le O?oﬁr?% Fapacitor 32
(CAP) as shown by the potential diagram of FIG. 2d. An extremely low signal
on the floating diffusion node 22 (FD) results from the added capacitance of the
capacitor 32 (CAP). Another sample and hold signal SHS2 is generated such
that sample and hold circuitry to a column line of the imager would input,
sample, and hold the signal associated with this low light charge (via transistor
18) with the dual conversion gain transistor 30 now turned “on.” Correlated
double sampling may then be used to subtract the sampled exposure signal
(SHS2) from the sampled reset signal (SHR) determine the pixel signal output
value change as a result of light exposure to the pixel 10a. The image processor
may use this pixel output signal change, the previously computed output signal
change, or a combination of the two signals depending upon the application. In

this manner, a dual conversion gain image sensor is achieved. The light signal is
10



signal TG nmaintains the transfer transistor 14 (TGT)

in the on state, the dual conversion gain signal DCG
wo0@anz7at ed, which activates the dual conver BCOMWS2004/018425

gain transistor 30 (DCGI) and switches in the

capaci tance of the capacitor 32 (CAP) as shown by the

potential diagramof FIG 2d. An extrenely | ow signal

on the floating diffusion node 22 (FD) results from

o ereckin 61 SHIFRGHER bicghis SR £UP JRREP AU g AOde

t | d | d. ci i . ' . .
PR sl A0S S Yy S8 Dot Nouing
%%éﬁgbghggcwgbh.this | ow i ght charge (via transistor

wth the ddal conversion gain transistor 30 now
turned "on." Correl ated double sanpli nf; may then_ be
us§0039 subim exampleefsherpbentionpéshe pixsl Pminderdpghyt or

PRI e TS T
Efs(rfét%flﬁf; giXEPM 8 X 8hd m@siggglc s$JRRE] RAGCE@SSdet cBBYition are

pi xel “out put “sign ange, the previously

COWMRIHE G s duidpibld sbatakvithclednasce torFI&. dantDnet fevet, dfic pixel 10a
the two signals depending upon the applicqiiﬁn. In .
tviesposedriedigha coméng &@m%@me@sm presgEcdeddisPqrential

achi eved e light signal is 10 04/ 7 . .
res oo rinist e b Sai P AL By bpehe ighe
hy NVRLS] ' Rl i drh et finedBy clkBbnand

t R, e v o1 o
gg&{triﬂc@ dyithe light Efpisuan ActesfeFBite dodb3d Figanl Ekampheon the
of the operation of the pixel 10a under bright or

| maesieTtransgher bk SGUNewhToHEaeSeracION P Y eReER 2nd

to FlIGS 3 43: 4. it e '
N T e
?B?cdalugé R &fa?&cl @%@%Qﬁtﬁ@§ of {HRetbarevd@fiibh node 22 (FD) is

ererence to ce reset, the pixel 10a is
eXROERE the chirghthaadihggafacuandenef thophetdsensny 12. A sample and

processed. The potential diagramof F 4a .

hblbtsat SES g ehshahaPIpIc aud BE b HEY EPPRRficd 10

Lg%ﬂn@‘t E’IZ‘('%/) 8#5 ﬁeﬁ%&%ﬁw&%&{&%@%ﬁsa&%&%ha}ho\fﬁ lkhe kignal associated
with the saturated shared charge (via transistor 18). Correlated double sampling
may then be used to subtract the sampled exposure signal (SHS1) from the
sampled reset signal (SHR) to determine the pixel signal output value change as

a result of the light exposure to the pixel 10a.

[0040] After the signal is read, and while the transfer gate control signal
TG maintains the transfer transistor 14 (TGT) in the on state, the dual
conversion gain signal DCG is generated, which activates the dual conversion
gain transistor 30 (DCGT) and switches in the charge handling capacitance of
the capacitor 32 (CAP). Now, the charge handling capacitance of the PD is less
than the combined charge handling capacitance of the floating diffusion node 22

(FD) and capacitor 32. This means that there can now be a full charge transfer

11



generated by the |ight exposure. A transfer gate

control signal TG turns on the transfer transistor 14
WORW@H)1,123861 ch causes charge sharing between theCcPDsawd/018425

the floating diffusion node (FD) as shown in FIG 4b

Charge sharing occurs because the charge handling

capacitance of the floating diffusion node 22 (FD) is

| ess than the charge handling capacitance of the

phot osensor 12. A sanple and hold signal SHSI1 is

gertbr dioating diffisidranodadd) whishds ABWA oM equversjon gan node due

Sartor 99 oS e halfn LEET 4y o g i g SBlng of

; . NS bighArSHS? is generated.
?@%ﬁé@%ﬁgg%ggﬁgﬁggggﬁgﬁﬁﬁgh%ﬁgy thgg be used %o_ )
sObtreRedd ddwebls samplads ampaken be ssghal d¢SHSiHe the gira Bignal
sanpl ed reset signal (SHR) to determ ne the pixel
sougpat vdue phangeal ue change as a result of the |ight
exposure to the pixel 10a. [0040] After the signal is

re d ile the transfer : -S4

ranfiealhs (RbofebiEptoRTPafls ERhfe STy Alfuc] inde
Slgx"i‘%l?t ligh@xfu@lre, HRRYFISHIR B2JTAP Singfebe EXCERlly chosen. We
gener at'ed, I ch activates the dual conversion gain

t defis heahae {ADAETY caprtitenéa oftbs pisnachehemmdiagls to be:
handl i ng capacitance of the capacitor 32 (CAP). Now,
the chapge handling capacitance of the PDis |ess

N

T?gz ﬁsag]s that there can now be a full charge

t EPA5'11 Wo 2004/ 112376 PCT/ US2004/ 018425 to the
floating diffusion node 22, which is now a | ow

conversi@n gain node due to the additional ) .
c Qs i<t nzr@pDactV.s Rowrhargertiagdling capasity ofthe gapacier 32 (CAP) is:
sampling, of a high full well signal when the sanple

and hold signal SHS2 is generated. Correl ated double

sanpl i ng _may en be ysed to.deterpine th ]

ShBAD S AR Tabige Yhihyds 1paea b ebrure g ap s she
charge sharing and resulting | I Ssyes _un bt L ght
 FaieR Aadun ot R aRbEgr SFT etk Ryl e ABlcharge
¢ 2Irla1ergrijgl lllr)lldc(i'%%sg%r'g 'ligill\‘té exposures when SHS2 is measured and no resulting

image lag issues. While under certain timing applications it is advantageous to

appropriately set the capacitance CCAPp of the in-pixel capacitor 32 (CAP), this is

not a requirement to practice the invention.

[0042]  FIG. 5ais a graph illustrating pixel signals v. light exposure during
the operation of the pixel 10a illustrated in FIG. la. Line 50 illustrates the signal
associated with the charge stored in the floating diffusion node 22 when the dual
conversion gain transistor 30 is off. That is, when the floating diffusion node 22
has a low capacitance and high conversion gain, line 50 reflects that the output
signal Vout becomes saturated once a certain threshold is reached, which in the

illustrated example is about Vthreshold = Vaa-pix — Vpin = 3.3 volts-2.3 volts =

12



define the charge handling capacitance of the pinned

phot odi ode to be: Vpin QPD = f CPD dV. The charge
woaowliizege capacity of the floating diffusion nedeusto2aig42s

(FD) is: Vaa-pix QFD = f CFD dV. The charge handling

capacity of the capacitor 32 (CAP) is: Vpin QCAp =

CCAp [Vaa-pix - Vpin]. As long as the capacitance CCAp

of the capacitor 32 is chosen such that QPD < QFD +

Pthere will be no_ch har i .und brigh
S%rvplt&x%ssuﬁ esianRb(SHRBSEIY) 380t acVitnan ABPIO %‘tF’rYr?gOKe

| ag | . Wik d R o
Bt e frngSiinE o Wty Bl EleaSRpIPO L blall Mbversion gap of SO
E CA@§ apaghit PRER, HeAR td RBisk Patld (SN RRPHEd:AMmabdly 140 db,

( , this“is "not a requirenent to practice the
iwiviehts anacdepRdbh] rafibG Liba 6Dshawg tlapsighillagsaciaged meth the charge

e s B i RS et TRt s RGE 85 Pamsison
iJlustr th ' ' ' .
AP T HE S Sk PR RRRAELALE ol ), A3 160R cHPacitapce and

BV RAbPRAA, TRnaps relcrts B tfe @ltbut figail Veut ddwmot
the floating di ffusion node 22 has a | ow capacitance
anetohiegh tiatpdeatsho A 0ffzithresholde HBohe ki eerverign g2ty sct to 5

B 26 HopritconoE IS SRR AP AHPecPric oy Aieg it 2D0 Ke are
ex [ out. Wt = - DL X 1. D

TS, 5 AU SEROM Py VOB B o s B
1n8s¢Rld 8., 5Ehihenithe dysiBRatngSkible @R 168dbcFaGedbis ghph

an approximately 20Ke charge corresponding to the . .
} i/l]lumaAmsg el adjuared] ;exqiﬁlgalahﬂg rhag senpdis svhsm @sifloagingshifusion
e.

U ool I8, R 5 AL 5,05 5, 0 5

Lio%c@&vc%ﬁgﬁ\%aﬁlh@s 31s80RLd B8SRCKRK LB b PRGShArDe The light
dynamic range has been improved by ten times. It now takes 10 times more
light photons to achieve a saturated SHS2-SHR output signal. While FIG. 5b
shows a drop in output signal when the dual conversion gain transistor is turned
on, the performance measured by the signal to noise ratio (S /N) is not
degraded. In the example description of the operation and timing of this

invention, three sample and hold capacitors are required to store the three signals

SHR, SHS1 and SHS2.

[0043] FIG. 6 illustrates a top view of an exemplary layout of the five
transistor (57T) pixel 10a illustrated in FIG. 1a. As noted above, the capacitor 32
is preferably an in-pixel capacitor which may be constructed in accordance with
U.S. Patent No. 6,429,470. It should be appreciated that the pixel 10a of the
present invention does not require the transfer transistor 14. That is, in another
embodiment of the invention the photosensor 12 and the floating diffusion node
22 could be connected without an intervening transistor. The dual conversion

gain transistor 30 and in-pixel capacitor 32 would be controlled in the same
13



stored in the floating diffusion node 22 when the dual
conversion gain transistor 30 is on. That is, when
woOhensithzaasi ng di ffusi on node 22 has a hi gh capacriamma/ 018425
and |ow conversion gain, line 60 reflects that the

out put signal Vout does not becone saturated at the

20Ke threshold. If the |ow conversion gainis set to 5
V/ e then the output (SHS2-SHR) does not becone

saturated until 200 Ke are 00”321%[ lcft thlsg
et il perdven Hhesdpactensapr wpild shangs b gptversion

n0|se .t hen t [
St o FB0gb SR 20, NP ol et bove

Rbfﬁﬁkesﬁh&w FI¢K et THRS Udhfeanmﬁiamt ib@ot ligdtddn® a pixel

diffu node 22 |n|t|aIIy has a hi gh conversion

gaintaihingta trsndedgaeoentahsfeswinsidted to a | ow
conversion gain (as discussed above with reference to

FIGS. 1-4 I h d h

by 00T § Mednoter h%afapagéé‘oci”fofoﬁtﬁggﬁ Rertprgmdtid 8

h i
OPh i o360 BYG AR Bt Sit¥netiey %ﬁ?ﬂt&hi'ﬁg?a{é‘“

dé&ﬁflveﬁﬁﬁi/gilﬁltﬁﬁlsﬁﬁjrmd Eang ibstramedsort or affdor pinrurk teking (as
performance neasured by the signal to nojse ratio

(@angntied bydhe lighgrarditiony)n If Hee dualirpneciaioscsaip igsistor 30 1s

A P%éﬁ%éwon i pEER Ep logded Fam B bR he dual
t{'c?n%% s% 111% r Vb2 ik @f%rsﬁ@gﬁﬁ]oﬁh@l?ﬁls

op view of "an exenplary |ayout of the

f hpiﬁ’omfrﬁa%ﬂ%SSﬁV/ e( Bl xhisiopetatih@anode, ustly ave doltagHle@ls are
| a.” As noted above, the capacitor 32 is prefer ab&xﬂt%
i stopiddel the apampla vrd hlidctrcpy: bb) ) e vnlsgaderdasagiate

accordance wt 42

DESEPRERHUE & i H%ltapﬁCQs‘fcll\kfﬁgasF"'d? W%QBF hyg? 3t from the
| thgletaansfer transistor 14.
QH&HS&%&ggg%%?ﬁ&nﬂge%glgpnente of the invention the

phot osensor 12 and the floating diffusion node 22

coul d be connected without an intervening transistor.

Thg 0048 coBuEssy éhillugaitn atCHIS shager3ixelAd 0 gpnsirketed in

gg&%ﬁ&%&;é&%@gg g&ﬁﬁ%}%l oecgm{err]lt toti} the glr\rzgnt%gn.\/@he pixel 110
is essentially the same as the pixel 10a illustrated in FIG. la. The pixel 110 of
the illustrated embodiment, however, uses a conventional polysilicon in-pixel
capacitor 132 and any conventional photosensor 112. Although FIGS. 7-8
illustrate a five transistor (5T) pixel configuration, it should be appreciated that

the transfer transistor 14 is not required to practice the invention.

[0046] FIGS. 9a and 9b are potential diagrams representing the transfer of
charge during an operation of the pixel 110 illustrated in FIG. 7 under a low
light condition. The pixel 110 has been previously reset and is receiving an
image signal. Once the photosensor is exposed to the low light, charge
accumulates in the PD as shown in FIG. 9a. A transfer gate control signal TG

turns on the transfer transistor 14 (TGT), which causes the charge stored in the

14



manner, woul d performthe sane functions and woul d

change the conversion gain of the floating diffusion
woad/ 1223765 n t he sane manner as descri bed aboveprcwiusoo4/018425

respect to FIGS. 1-5. Thus, the invention is not

limted to a pixel containing a transfer gate or

transfer transistor. [0044] Another operating node for

the various enbodi ments of the inventionis to set a

S S AL A LI iyl
_off_for picture faki | i
icreinio s Bogit et G Pebrin APLREGLIY Plogklfacefitphien

| Soysfon %Laﬂf ff?lgf’eei% Ho%h dhafhgteeadsP theght xposure is low.
approximately 50 V/e. It The dual conversion gain ,
tSaajslé shdhoRDciraiion cohhectedny eceiuom Gaé of dic inmgeFpyquid input,
approximately 5V/e. In this operatin

nde, . onl y. t .
viemplgand bols] thegignal GripFrapsistar LRLasanpc ity P Farrse stored in

i i fry:.41 I I j Iy

ribe ot e i 2 R FRIBE Aty 1 bused o
M&&rﬁm@ tﬁégﬁ&psigﬁﬁtoatﬁamame photosensor to the
floating diftfusion node 22.- [0045] FIGS. 7-8

illustrate a CMOS i mager pixel 110 constructed in
ac¢o04ance A tvirthahotpmer esxXweiphanty of tho Hivearenowhenhe

i.nvention. The pixel 110 is essentially the sane as
t PROtEFSHEPY lfeﬁcql‘fmaiwi‘t%gla sigpalpy g £ nﬁ‘f\qfél%’i g 15 g igble.

the. .11 ustrat ' e s 5
cofpdrsti o Py iR ow B Sce HORmEMifsion node 2
?‘P)é.,ctﬁe\dﬁﬁl dcmvelsidihgtingemsBtor BIPis nak thardhol GS. 7- 8

|

| ustrate a five transistor (5T)’ pi xel configuration,

it should be agpreci ated that the transfer transistor P
14 [0848bt rBHabr kK angl pokere pascriid Giagyams represy ¢ transter

FIGS. 9a.,and 9b are pot ial_diagr epr.e tA
{ AETarEnAFaRE 87 SPERSRBEIIF PR MO SDBTRLTb B fQHder a
- - | - M t. " . .
B B e R T Tt A i SR
i §n AEE dbRD. Wnce tieghosdgnedr.is Eqmaed he thbtigbehgluy, charge
exposed to the low light, charge accunul ates_j e.
? g#([]:sig:hg]'ustratcs

PEcasawdonin the PIPEFIGal0a). t FanReentightiasioghp i

T bR R B SAD 6 oHk T el A
transfer gate control signal TG turns on the transfer transistor 14 and the dual
conversion gain signal DCG activates the dual conversion gain transistor 30
(DCGT) to switch in the capacitance of the capacitor 132 (CAP). The dual
conversion gain signal (DCG) is generated by the image processor or other
control circuit that is controlling the operation of the pixel. The transfer gate
control signal TG and the dual conversion gain sigrial DCG may be generated
simultaneously or substantially simultaneously. Now, the charge handling
capacitance of the PD is less than the combined charge handling capacitance of
the floating diffusion node 22 and capacitor 132. This means that there can now

be a full charge transfer to the floating diffusion node 22 node, which is now a

15



14 WD 2004/112376 PCT/ US2004/018425 PD to transfer

into the floating diffusion node 22 (FD) as shown in
wohw@4/19876 At this point, the floating diffusi eaTSe®4/018425

22 (FD) has a low capacitance and a high conversion

gain. There is no charge sharing because the Iight

exposure is low Sanple and hold circuitry connected

to a colum line of the inmager would input, sanple

and hold the signal (via trapsi.st 18 [ .
Mwwonﬁ@S@ngagén@@%ﬁé@ 9 Fhe 44¢RtipR :;P?!&zj s iaCt egch%ﬂcee' \
. rrelated doubl | 4 en be used to ’
g‘él‘% Vﬁseﬂ‘fr?émﬁﬁ&’% O S HigH P&B%%@%%#Ue. [0047] As
with the prior enbodinents of the invention, when the
PhpsEANS OrAS fote & @BbW, e Lrventibg i nei lgmikd ro £MiQfhimagers.
conversion gain is desirable. This is achieved by
grre?mplq dfehhéuﬂ @wlnmrp@ei gasmpEneiplsa of HiF BVFRURR S1YrSde
) i.e.,.the . conversj.o ai n _transi [
g@forpef%@aﬁsﬂ)a. 8#@&‘8@}%&1 . -Té Y %Rarﬂﬁggig%%ﬁ%ﬁ??ra%oo
iagra ¢ ' ingd1ar i
B R e R e P e o he
uNdes irfagcpR0ohhclLilghd slifindisico 202 Faestpftics chiatgesHagut from a
been previously reset and is receivin | %e
lsgngr‘]caisenSﬁm devihe op Hst ioeagss 8P0; L k@%ﬁé@%ﬂ 22)3 1 ggt Briefgried to as
i ght, char ccu t in the I
(e txgggoa%ﬁe&ﬁem?&#rsﬁé?q%wﬁfru@@é dital B Bhpul age 204
a | 2R HMsibA & e 2PNt Cbi
é%%%gﬁFéﬁ£§26??aﬁ%ﬁgépgégg cont rol s?gnafﬂTé??u?ngg%E
t hawekaisd fbatdadisiusioarndde 2hahd heuphlpvoltagmVes i aogate 206 of

gai n signal activates the dual nver si on gain
t 4 Easst SREMSLGO A(smfold@wwwwt@ﬁ%oé S 488 P85S ‘E‘g‘h‘?:"—é“‘é’f to the

the capacitor 1 . Ih | i i
e Ak B 5 BB s
ObOSleen RO E#ﬂ{l}ﬁ@bﬁe@é‘ \Fcc,t 4t 2 Icadot £l bitpared Hsignal Vout

operation o e pixel. The transfer gate contro
St@epoh@ingd stéreddhatgeomnter Soasimgydifinsion gosle 23c\ gy the

be generated sinultaneous|y or bst ant i al ..

s cinutitrpdesuibied soNayiis cm@WﬁE@KﬁﬁlﬁWﬁi i th“c%%}% PG
of the PDis |less than the conbined charge handling

¢ ap[%%lsszmc e'I%fc illustrated imager 200 also includes a dual conversion gain

transistor 210 (DCGT) and a capacitor 212 (CAP). The dual conversion gain
transistor 210 is coupled between the floating diffusion node 22 and the
capacitor 212 and is controlled by a dual conversion gain control signal DCG.
The capacitor 212 is connected between the dual conversion gain transistor 210
and the supply voltage Vcc. In operation, the dual conversion gain transistor
210 and capacitor 212 are used to switch the conversion gain of the floating
diffusion node 22 from a first or high conversion gain state (i.e., DCG is
generated such that the dual conversion gain transistor 210 is off and capacitor
212 switched out of the imager 200) to a second or low conversion gain state
(i.e., DCG is generated such that the dual conversion gain transistor 210 is on

and capacitor 212 connected to the floating diffusion node 22). Thus, the dual
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the floating diffusion node 22 and capacitor 132. This

nmeans that there can now be a full charge transfer to
woOhensithzaasi ng di ffusi on node 22 node, which i sPaODWS2001518425

WD 2004/ 112376 PCT/ US2004/ 018425 | ow conversion gain

node due to the additional charge handling

capacitance. This allows the sanpling of the high

full well signal. [0049] As noted above, the invention

is not limted to CMOS i magers. _F j t he dual .
SoMVaRiS R iansigor AP GRAS DI IR R Bk ey IS gein

Ao RS e Dot R VA it s hightoRafe B R,

g%%aRﬁﬁq&wqgggggggﬁﬁmg£_the i nvention. The CCD i nager

_ I ncludes a shift register 202 for shifting charges
input froma photosensitive device of the imager 200,
ThE00EL) st eFIQI2 illsstwiteen blaskatingrdm for a<CMPR lrah%ﬁrgfgvm 308

S ebabsaodls brCamopbgpiel F00 0 \Hulibidin e mane
t he f| oali .di fif usi e .
R T e R

%fgﬁ&ﬁs 286n84d in% predefermidsighber ofchanne end cbwewdhe pixels
transi stor 208 has |ts@ﬂate connected to the floating
dif daokirow inadey 225 crhalldwumered on Rbks sapteam@ie g roypielect

2 SRS :Q}Agf% ohirn bt ey a8 TaiEPnd i gy ine
Char a6 : ] . U
2\ Pl 1%;011 e%vs #@g&ﬁ@gn%ﬁ‘:; M3 RBvided §orthe éltire @fray D85, The

circ escr I s ‘conventional and known

| fovk NBe P stleagRtly adtivatcHAG50E rdtvedrivel 2drintreghonsmterow
200 al so includes a dual conversjon gai {ransi stor
24dire BRETPdan2B G and frectalemnzelzct ings)are selectiiehy activated by the
conversion gain transistor, 210 s coypl t

FfQ gt ARG fo o e SRS 3702 T8 Ug o and
I s cont L&ds BY, AWVRESIhQRe ARk 20gNnt rol  si gnal
D%EP q&%ghgagggfﬁgk%%%%c?s %bnnectgd ggtmeén t he dga
conversion gain transistor 210 and the supply voltage

Ve 0062 ] ope i @08 heagtu aevico308risoperatsal by theagesited gircuit
210 and capacitor 212 are used. .t

c@hQewhichreagaiols astdress dleppdsas LAY 378 %rt S%Pectdplg the appropriate row

and column lines for pixel readout, and row and column driver circuitry 240,
260, which apply driving voltages to the drive transistors of the selected row and
column lines. Typically, the signal flow in the imager device 308 would begin at
the array 225 upon its receiving photo-input and generating a charge. The signal
is output to a read-out circuit and then to an analog-to-digital conversion device.
Then the signal is transferred to an image processor, a serializer and then the is

output from the imager device.

[0053] FIG. 13 shows system 300, a typical processor based system
modified to include an imager device 308 as in FIG. 12 and an input device to
the system 300. The imager device 308 may also receive control or other data
from system 300 as well. Examples of processor based systems, which may

employ the imager device 308, include, without limitation, computer systems,
17



di ffusion node 22 froma first or high conversion gain

state (i.e., DCGis generated such that the dual
woamansi7en gai n transi stor 210 is of f and cap&acTiuseoo4/018425

212 switched out of the inmager 200) to a second or |ow

conversion gain state (i.e., DCGis generated such

that the dual conversion gain transistor 210 is on

and capacitor 212 connected to the floating diffusion

node 22). Thus, the dual 16 WD 2004/112376 . .

RANCUSIBTANG SGADSTS, SHEREE SR HAFS VSRl Ayis4iPg SEHES,

5300410 1642515, B0 bS] A
Rl Bt ab Pt SR ANEfBL el e IRER ko

3nGi6X eeldcEBh sk @¥mb, ighize BRLIDATBA SR tehOQmH ofhkes. 12
ilTustrates a bl ock diagramfor a CMOS i mager device

308 having a pixel array 225 incorporating pixels 10,
1100@%HIst r Wyt 3A0 ihdudesrmenntral praasesieg uaB E 6L [ h302 that
relation to FIGS. . 1-10.. Pixel arr 25 conpr, sas. .
ORI it P A CRVIC S & TS B0 oo e e fividks
nunber

aﬁoPélﬁthg&O%E %gpﬁf,o%;b‘??{@ia%%mmuﬂ Sito 3hd Qe f HAVSyisfEm

can urned on at the sane tine bya

r 99, SBhREkvelyiinduading dnhiappt 4altpuofl /Aacdeviad 20t aad gnager

sel ectively output by a colum select line, A

pdavical 308 Ofheroveyicen dormasictashta thedwsat pragidedBamOsy,

the entire array 225., The row |line CL i Ve
St o £ 2 T et TRARE EED B 512, and

addr s knRBfed1e and

se?eecfﬁl\?g?%gg@? vat S%% H%ﬁceég%lé%ﬁﬁgrﬁlﬁ%girs (ZGOei n o

r @5RPAERlidko CD) dfive alldr Ehe itlagaddvicrils fhyde @mipned with a

and "~ columm address is provided for each pixel in the . 1
aprrogysse25uch 098 P T hdisTAEiakRERGCS Py PLEIGOBrqegssor, 1n a single

t by th trol ,ci. ' 250 ich
B B3 uirer BoBrecs 9§/rCr0L T # G R dmiEe CRIOS
| ' ' | ' addishents.
ARS8t 05 skl e Sl o

apply driving voltages to the drive transistors of the
sel[e0BBY r oWhascthe poésenminvimgsn plypdesdiagerstwigh §1 Hhigh

flowin the i mager device 308 would begin at the
aromerson gaipond woasiFiie rwq%vgeweﬂfwggwmﬁf’a peltOfinance and (2)
gﬁlng%rf%ﬁll well caapggi%g 3d C(;rrli]ve(ers?(l)rg &%ln to achieve high dynamic range —

something that is not achievable with current image technology.

[0056] It should be appreciated that the dual conversion gain principles of
the invention could be incorporated into many different imager devices (CCD or
CMOS) and imager configurations (e.g., two transistor (2T), 3T, 4T, etc.). The
principles of the invention may be utilized with any capacitor-transistor series
structure. It should also be appreciated that the invention is not limited solely to
dual conversion gain principles. That is, a floating diffusion node could be
connected to multiple dual conversion gain transistors and associated capacitors
to provide the floating diffusion node with more than two conversion gains if
desired. And while the invention has been described with reference to one

exemplary timing diagram (FIG. 3) it is possible to use other timings. For
18



is output to a read-out circuit and then to an

anal og-to-digital conversion device. Then the signa
woOod4iarssberred to an i mage processor, a seriabPCTaS2@adi8425

then the is output fromthe inmager device. [0053]

FIG 13 shows system 300, a typical processor based

system nodified to include an i nager device 308 as in

FIG 12 and an input device to the system 300. The

i mager device 308

1y al so _receive,control or. ot%g b
eanmplos flagie $9 D8 APBOIRCRES AR OBS, AP LI PRI Ctk K} e
based syst whi,C . [ deys ;
< e e Pl BT S hashe e anp
%Qnﬁ;@&ﬂ/tﬂelaﬁﬂﬁeﬂ: ek L5200 Q4L S4R FaircanPresctSy sisissys are
sca

ners, machi ne vision systens, vehicle navigation
symtikassouslyi tdeted eh eptohasdesuevesdr) dmiscliipatgrghe gaarsd

e SPheTEs A L SRS SYSLAIR oI D FeLEUAPe o
E 3%%%141:%/3%&{1%&?[ R ANGILARS L B s &R PO wikh 9E€a8d FdNédnversion

communi cates wth vari ous devices over
gﬁgggoggﬁt Sone of the devices connected to the bus
4 provide comuni cation into and out of the system
300, illustratively including an input/output (I/0O
de{0@57B06 Ehe pronssss and deviees dueribed shgveddystearg preferred

connected to the bus 304 provide r

Pt anrsp s pg R PSR ED sled s produceckyThe
3 A wiRGdll ChbBlifeRE! WhRE @hieve the
né%%??égglléggﬁgﬁc as a ??%%Ey di sk grive 314 a;gé'
cobRas! fedivgks, ah@addirituges3ik he Prescinmyerticivy FraveyoB ikgyot

be ‘conbined with a _processor, .such as a U, digital.
singeradedpthet dwspresers rin‘fﬁnélpaﬁ}%%lé%tg’oﬂﬁmtf"ﬁ tq thy AP described and
integrated cifrcuit. JThe | er. deyi

B L i e
e S[ZLIC drenidnlidst that & hRBIn®Rspiritl:3dxebpd BAthe follewing
pre Nt Avent | on provides imagers with (1§ hi gh

C elamsy shovild Haiconsideredanst of thi tpyesent myhndor. excel | ent
| ow I'i ght performance and (2) high full well capacity

an d[ O%%gi/ ers IV\%Tat%? Iclgilrtle?d azliscryclvs ng Hlesq_rrzaddt%r?enf)rcotécatgg %y Letters

Patent of the United States is:
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sonmething that is not achievable with current inage

technol ogy. [0056] It shoul d be appreciated that the
wdued4/1azatger si on gai n principles of the i nvenPCoOMWS2004/018425

could be incorporated into many different imager

devices (CCD or CMXS) and imager configurations

(e.g., two transistor (2T), 3T, 4T, etc.). The

principles of the invention may be utilized with any

capacitor-transistor series structure. It should also

be hppreimeser dWKE, EPRPIHP&Nt i on is not limted

solely to dual conversion gain principles. That is, a

1 oat)fg, dhl HALEN JHIC QM| S stbRUNAEEIBR a photosensitive

mul ti"pré-dual tonversion gain transistors and

associ at ggvieapagdi tors to provide the floating

di ffusion node with nore than two conversion gains if

desired. And while the invention has been descrihed .

Wi t h arafcgitaenacetod 5 saidediBuirn FEIOR N Clé‘i‘%b?“ét’r‘ﬁ‘%% ggid

i ¢ h aratcertamoscts: R SEl PR RIS s
200] 112 HRETIoBDY ot duobe b B Sphabe

appl i cati Wlﬁﬁﬁa&{‘ 8hiQuavdrienGaRACi tor 32 to be
chosen sg@?ﬁgi t here $§ charggrsharlng duri ng SHS2

sanpling. After SHS2 is sanpled, the transfer gate,
duab, colelimager dpie afidhimel sthetainmnailsirgnis ingentrolled to
si mul t aneously turned on and alkaques are reset. This

el i mi nat eBargrethe FleePIVERHAT,BAIR TR CBF SSORFLANIESIOgN dnd to
in the next readout f S .
al't or nat cyets ey oih e Oh Baprpde T REE s Blan gein

with the novel dual conversion gain concept. [0057]
The 30r 0q8358% caNGewWeVb a2 SEhédeRsaid oivenit tobmptisat e
preferred ne?hods and typical devices of many that
coul d be used and produced. The above description and
dr awi agaparitivestenaang; abodi ment's, whi ch achi eve the

obj ects, features, and advantages of the present

i nvention. However, .it,is not..|i . 4 DR ment bei

preseh fluiﬂrf\?_é‘mq&é’ﬁ %aén g{clrr?c&ﬁ %’alc} Id{fﬂil?c@&@%gfo&%mﬁ BRmen eing

above-de Sc%h't[k?)?lgﬁ 28 %onhbdciald @psdtigrbledicie i said Miffusion region

nmodi fi cation, though presently unforeseeable, of the

present igu¢krhitaaid diffusionmegioni abitins tikesespngdicongergion gain.

scope.of the foll ow ng

4. The imager device of claim 3, wherein said diffusion region has a first

capacitance associated with the first conversion gain, said capacitive
clement has a second capacitance, and a combination of the first and

second capacitances is associated with the second conversion gain.

5.  The imager device of claim 4, wherein the photosensitive device has a
capacitance greater than the first capacitance and less than the

combination of the first and second capacitances.

6. The imager device of claim 3, wherein said dual conversion gain

clement is a transistor having a gate connected to receive a dual

conversion gain control signal.
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cl ai ms shoul d be considered part of the present

i nvention. [0058] Wat is clained as new and desired
woOaodaa1mm7et ected by Letters Patent of the Uni Pem/us2004/018425

States is: 19 WD 2004/ 112376 PCT/ US2004/018425 1. An

I mager device, conprising: a diffusion region,

connected to receive stored charge froma

phot osensitive device; and a circuit connected to

said diffusion region, said circuyit .grpoviding said..

di f7.usiBe maages evire AL geim 3a§ihcaﬂna &4 C@BL%%}‘%F%%“ gain

sw tchable befve ' Raals CRINE(SE QRaERIDE; said

2. The iﬂﬁ65P€3éV$%%&%§P%1aln1%ﬁ%g§ggin said ci?%%it

is contrghh8dot B conhanee beReedn saiit fleameedifiusiongagiontand a
the second conversion gain and to change the s

cond )
conver si first gaimnalefshid dapacitorcur e petond tganipal 8?53*‘111 gapacitor

i mger device of clain1ér erein said circuit

conpri sel$:congeetsd 10 Aspp nggﬁ%ﬁt; and a dua

conversion gain elenment, said dual conversion gain

el egent.rpe LBt ARPABGhidSAIM c6RRRGDAI
eIeggntTpghE%?ﬁQgggggﬁion région such that said géh .
di f f usi oBlchR@k & abiditosaidamid eamnitiveahusestiion cgpaaitor, said
4. The imager device of clain13,,mhereiné§§§d ) d
di f f usi otransigfioofs deameeteflihesveero it Apatng chegigyand a
with the first .caonversjon in aid c | t] : :
el ement f&Y t%\“%‘é‘glo(?éméfaﬁgéﬁg?%{h é%g 43ht ngp%g |aYh§ said capacttor
the first; adec28%87h6aRALANAEES IS associated with

t he seco%ﬁ coﬁaérsio%;gainik%. The i mager device of
claim4, wherein the photosensitive device has a .
capaci t Ihe émagaatericetdfainimid wharsin sehdied] canversighdzain

| ess than the conbination of the first and secon

. . ond.. d
capaci t aslssrentds a traBsisteRdRe s \FARAIRTC CPRERT 8 2 GRAFET S

said d ualca[g:e?cl Of isdonmed2 between said floating diffusion region and a
first source /drain terminal of said transistor, and a second
source/drain terminal of said transistor is connected to a supply

voltage.

10.  The imager device of claim 3, wherein said dual conversion gain
element is a transistor and said capacitive element is a capacitor, said
capacitor is connected between said floating diffusion region and a
first source /drain terminal of said transistor, and a second

source/drain terminal of said transistor is connected to a ground

potential.

11. ‘The imager device of claim 1, wherein said circuit is controlled based on

an amount of stored charge detected in said device.

12. 'The imager device of claim 1, wherein said imager device is a

complementary metal oxide semiconductor imager.

21



element is a transistor having a gate connected to
receive a dual conversion gain control signal. 20 WO
waQw/1142876 PCT/ US2004/ 018425 7. The inmager ®HeYiUS2008/018425
claim 3, wherein said dual conversion gain elenment is
a transistor and said capacitive elenent is a
capacitor, said transistor is connected between said
floating diffusion region and a first term nal of
said capacitor, and a_second terninal,.of said. .
capdci t bhe Ipages slewise oEglaig rla W@‘Sﬁ?ﬁ?ﬁa@dfntagﬁledevéc.c ippgharge
i mager devi f . ' , Wherein said dual conversion
gain elgouggdggwggﬁ?§¥gistor and said capacitive
element is a capacitor, said transistor is connected
bepeenTEaidagdrariicd f diafrh Us indrer¢inghidrrimnit incofinacsed to a
term nal of said capacitor, and a second term nal of
sai d capsupplproltigs efmmismgetpisl ¥4Iy ound potential . 9.
The i mager device of claim3, wherein said dual
copversipon.gain .elenent.is a,transist '
capici t OB BrEAIE T RauBda e oRn 3o ol cBfheied oo
connecte id floating diffusion region and a
first so%ﬁgg%%fggﬁﬁgérninal of said transistor, and a
second source/drain termnal of said transistor is .
coiBect Fte timagersdgjeyof clapit g geherdin. saitheirquiteperidge vaide
of claim3, wherein said dual conversion.gain elenment
is a trassiiesien regiep PERAR TPy E4s 5
capacitor, said capacitor is connected between said
flqating.di.-ffusien.reg ar j ; I j 1d
t el na el G BT bl LY SERp R didho
sour ce/ dreaifitdysforksaplin ashheldingnséfstence ostmarmeloneltiple
to a ground potential. 11. The inmager device of claim
1, wher eipixed aignakcoutputstirorn seidrdiffusipadegigBed on

18. A CMOS imager pixel, comprising:
a photosensor for accumulating stored charge;

a diffusion region, connected to receive the charge from the photosensor,

said diffusion region having a first conversion gain; and

a conversion gain altering circuit connected to said diffusion region, said
conversion gain altering circuit being controlled to change the first
conversion gain to the second conversion gain and to change the

second conversion gain to the first conversion gain.

19. The CMOS imager pixel of claim 18, wherein said photosensor has a
first capacitance and said diffusion region has a second capacitance

that is less than the first capacitance.

20. The CMOS imager pixel of claim 18, wherein said photosensor is a

photodiode.
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an anmount of stored charge detected in said device.

12. The inmager device of claiml1l, wherein said inager
wdevi4ie2i’e a conpl enentary netal oxi de sem coORAUAISLI04/018425

i mger. 21 WO 2004/ 112376 PCT/ US2004/018425 13. The

I mager device of claim1l, wherein said inmager device

is a charge coupled device imger. 14. The i nager

device of claim1l, wherein said circuit is connected

to a supply voltage of an_ i mag i xel array. 15. The
i ndber E@/Cé\éO&fm@ga? pixgl Omﬁ’eﬁv ‘gg?f&%?a?‘iai{?tqsﬁnsor 52
connected, to r ound tential:. 16. The i nmger

devi ce oPh%ﬁozﬁ?ﬁl ?OW&%&R ascaapgl%?rf cuit provides said
diffusion region with nore than two conversi on gains.

1775 TheTh&epaOFi@vieee piEl 6f @him 18, Wherchesaid phptdssinsey is a
sanple and hold circuitry for sanpling and holding a

r ef er encphotagatt. and nultiple pixel signal outputs
fromsaid diffusion region. 18. A CMOS i nager pi xel,

conpri sing: ot osenso r. acgumul at | :
chaBge: THE GIFRLRRRE Bgrbt duhngerae ool BBl Eepor i
char ge f&ﬁghkgﬁdgpgﬁpsensor, said di ffusion region
havi ng a*TiIrst conversion gain; and a conversion gain
altering circuit connected to said diffusion region, .
sabd. cOhyeNIQBimaien patet of claign dBy whicteipsdidgonversion gain
controlled to change the first conversion gain to the
second ceHoBREICBAL§SPHPEFE t o change the second
conversion gain to the first conversion gain. 19. The

CMCS | mager. pi f.claim18, wherein said
photd§%ﬁ%8%V€§§%%”RT?th capaci tance and said
di ffusion region has a second capacitance that is

| ess # hadl cbherkionsdai alearint aaickdual conversion gain element being
controlled to connect said capacitive element to said diffusion region

such that said diffusion region obtains the second conversion gain.

25. The CMOS imager pixel of claim 24, wherein said diffusion region has
a first capacitance associated with the first conversion gain, said
capacitive element has a second capacitance, and a combination of the

first and second capacitances is associated with the second conversion
gain.
26. The CMOS imager pixel of claim 24, wherein said photosensor has a

capacitance greater than the first capacitance and less than the

combination of the first and second capacitances.

27.  The CMOS imager pixel of claim 24, wherein said dual conversion gain

clement is a transistor having a gate connected to receive a dual

conversion gain control signal.
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20. The CMOS i mager pixel of claim 18, wherein said

phot osensor is a photodi ode. 22 WO 2004/ 112376
wWOeCH41$20604/ 018425 21. The CMOS i mager pi xel 8ETAISA0AM018425

18, wherein said photosensor is a photodi ode connected

to a capacitor. 22. The CMOS inmager pixel of claim18,

wherein said photosensor is a photogate. 23. The CMOS

i mger pixel of claim18, wherein said photosensor is

a hot oconductor. 24. The CMOS_ i mager . pi xel of claim .
1828 hetbe EM@SngsyBbe] ofclaian A% WAt i Grakggiyersion gain

' : i ti. | t; | | i
ot e cnstot 807 obiir thf PR Gt B SARUBI A aid

contr ol | edpligof MASecRA rkaRpGid Hygied aiftiiod fgfd shd a
di ffusion region such that said diffusion region

obt ai ns fike teesiaaboftaitexpaticor, gad a.se@Bid Fhai said capacitor
i mger pixel of claim 24 vgjer ein said diffusion

regi on hissconpefiefldo %%Wb’l‘f H&e- associated with the

first conversion gain, said capacitive elenent has a

andosccoh ARl of QAR A3, AR shdRual torson gain

conver si Qrmdiifa trasistbr@ndMiB dapadeve ¢lexeht Bfa @ipaditor, said
24, wherein said photosensor has a capacjtance
greater thumsistdrés fonmrtashbrivicensmid floatng diffnsionfegiorand

conmbi nation of th irst and secqnd ca i tanges. .7 .
The cwosfirﬁéa’épmﬁf seéw FarHpimaBe 3 S NL [T ' gpigy capacicor
conver si Qn éﬁﬂ&kedﬂ&ﬂ%?ﬁyﬂdﬁxﬁtﬁﬁﬁnSiStor having a gate

ua

connect ed’ £ receai ve conversion gain control
si gnal . ‘ .
30. The CMOS imager pixel of claim 24, wherein said dual conversion gain

element is a transistor and said capacitive element is a capacitor, said
4 capacitor is connected between said floating diffusion region and a

first source/drain terminal of said transistor, and a second

source /drain terminal of said transistor is connected to a supply

voltage.

31. The CMOS imager pixel of claim 24, wherein said dual conversion gain
element is a transistor and said capacitive element is a capacitor, said
capacitor is connected between said floating diffusion region and a
first source/drain terminal of said transistor, and a second

source/drain terminal of said transistor is connected to a ground

potential.

32. The CMOS imager pixel of claim 18, wherein the first conversion gain
is used during low light conditions and the second conversion gain is

used during bright light conditions.
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23 WD 2004/ 112376 PCT/ US2004/018425 28. The CMOS

i mger pixel of claim 24, wherein said dual conversion
wgaon/ieteent is a transistor and said capacit PCE/US2004/018425

element is a capacitor, said transistor is connected

between said floating diffusion region and a first

term nal of said capacitor, and a second term nal of

said capacitor is connected to a supply voltage. 29.-

chfacr ST CRaE Fuierofe LA P hB BB G iR

sal

capaci t g &l LORA: 4 SaftnfAPRES blippl§ bllagd LARPIAAR il

connect e en sai oati ng usi on region an
first tepshyppal of said capacitor, and a second

termnal of said capacitor is connected to a ground
potential. 30. The CMOS | mager pixe| of chin124.
whétei nTbaiCdVIQﬁallmag@hp@qe&P%a%Eﬁ,W e sfid conyprsion gain

i OamagsnpBesporui s, “erEi o
Shi 0 caplEireRITLt BoHEered AR Lot Phoat i ng

diffusion region and a first source/drain term nal of
saizg tr ansiCOIS inder pieE6PAMinS Q8] Aetith @bmpriiny fakplotind
said transistor is connected to a supply voltage. 31.
The CMOS hiotrhgieruifyy Xed saafplivigaing 2o dingteeressranespdtpgg and
conversion gajn_ elenept is a.transjstor. and said

capaci t i venlgplerping! signaloptpus frogy S;alialfﬁmoé]arﬁgtqnfor i s

connected between said floating diffusion region and a

first s -al o, t ' ..said transistor, and a
seé%hd %gdgﬁﬁég?@? clrrﬁitzéepfgn&%gﬁg% "said transistor is
connected to a ground potential. 32. The CMOS i nmager
pi xela photek@isor i, acedaubitingtsherctlichstgegonver si on gain
s used during low light conditions and the second

conversion gain is used during bright,l&ght
condi a fih gransistor being controlled to Teset said pixel;

a second transistor being controlled to transfer the stored charge from the

photosensor;

a diffusion region, connected to receive the charge from said second

transistor, said diffusion region having a first conversion gain;

a capacitive element; and

a third transistor coupled between said diffusion region and said capacitive
clement, said third transistor being controlled to connect said
capacitive element to said diffusion region such that said diffusion

region obtains at least a second conversion gain.

37. The CMOS imager pixel of claim 36, wherein said capacitive element is

further coupled to a supply voltage.
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24 WD 2004/ 112376 PCT/ US2004/018425 33. The CMOS

i mger pixel of claim 18, wherein said conversion gain
wablo@riizageci rcuit is connected to a supply vol pagaseio4/018425

an imager pixel array. 34. The CMOS i mager pixel of

claim 18, wherein said conversion gain altering

circuit is connected to a ground potential. 35. The

CMCS i mager pi xel of claim 18, further conprising

sanple and _hold circuitry for | i ng and_hol.di -

r ¥er endee GM@S dmager PRl AicHig %@g@raﬁ’g&ﬁ‘&d Caé’g‘%lg‘t’? Slethent is

from sai i ffusi.on i LLMOS i mager pi xel

conprisiﬁﬁ.cécgﬁ%f%éégg%gg?%ﬁgg%@%ﬁulating stored

charge; a first transistor being controlled to reset

sadgl piped CMOSQﬁﬁgQL‘ ;%]ikartﬁi@mrsdqdhftber:mmmi;msd to
transfer the stored charge fromthe photosensor; a

di ffusion region, connected to receive the charge from
sai dasecowicapaeitivg Elsmsat; adi d di f f usi on regi on havi ng
a first conversion gain; a capacitive elenment; and a

third tranpsistor cou ] oo Ege T ' is@bnd
and 2aPyr éﬁﬁ%?%F&guB%ﬁgﬁ%§%¥§§g% t F?%LJranggifﬁg
bei ng Cog&é&iﬂv@ d1dnfert OSHe EurBiRirdnsigtap beingi coatellledrntconnect
to said diffusion region such that said diffusion )
regi on obdidiseconal capadite desenbtuisiddiffisiroregien fichsthat said
The CMOS i mager pixel of cl in13gﬁ erein said
capaci t i viffusiesniegton Qbtamgt ?F‘é’?t 3 ﬁg%ﬂ‘%ﬂ%n sihpl y
vol tage. 25 WD 2004/112376 PCT/ US2004/ 018425 38. The

i ' f.. ' : erein said capacitive
glwgﬁe n ??L?@M(Bé %(rgllge? pu?él,aédﬁl&@smg‘.h

a photosensor for accumulating stored charge;

a first transistor being controlled to reset said pixel;

a second transistor being controlled to transfer the stored charge from the

photosensor;

a diffusion region, connected to receive the charge from said second

transistor, said diffusion region having a first conversion gain;

a third transistor; and

a capacitive element coupled between said diffusion region and said third
transistor, said third transistor being controlled to connect said
capacitive element to said diffusion region such that said diffusion

region obtains at least a second conversion gain.

41. The CMOS imager pixel of claim 40, wherein said third transistor is
further coupled to a supply voltage.
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further coupled to a ground potential. 39. The CMOS

i mger pixel of claim36, further conprising: a
weecemnd2xapaci tive el enment; and . a fourth traReTASB004/018425

coupl ed between said diffusion region and said second

capacitive element, said fourth transistor being

controlled to connect said second capacitive el enent

to said diffusion region such that said diffusion

BT DL IS AL Leost 2 LI SOeL ot SR ol
| ¢ t tor b
cont ol | ity tpBREH AHBE BkdBL O0G% Fansi stor

control | second transi stor
being controlled to transfer the stored charge from

t he3, phphOEMES imagedpikElust iny £ farchee ommecisieg: t o
receive the charge fromsaid second transistor, said

di ffusion region having a first conversion gain;, a
t hi r d fonghgiassistor; ardl a capacitive el enent coupled
bet ween sai d dlffu3|on regi on and sald third

transi stor, sai

connécfedy eAPagi 58‘:{? gcgﬁ%ment o sal dagﬂ’%s usf%gﬁéhd%ld

regi on syghf Rah gl sistBk Safdl oLk '@{hsm’c&glbélﬂg ebhablsd &b connect
| east a second conversion gain. 41. The CMOS i mager

pi xel of sgilabeorilcaputicivetlamsat to sdd d@fﬁtmcanmmm pughsthat said
further coupled to a supply vol tage, 26 WD 2004/ 112376
PCT/ US20diffuigy pegionobtamset dgosis EPUYFISIRN 88¥Y ¢ ai m

40, wherein said third transistor is further coupled

g’ il %'VDS i mager pixel of
clg2 48%5g5$$%eré%7]Xd gnﬁéhﬁn fourth transi stor
and

a photosensor for accumulating stored charge;

a first transistor being controlled to reset said pixel;

a diffusion region, connected to receive the charge from said photosensor,

said diffusion region having a first conversion gain;

a capacitive element; and

a second transistor coupled between said diffusion region and said
capacitive element, said second transistor being controlled to connect
said capacitive element to said diffusion region such that said diffusion

region obtains a second conversion gain.

45. The CMOS imager pixel of claim 44, wherein $aid capacitive element is

further coupled to a supply voltage.

46. The CMOS imager pixel of claim 44, wherein said capacitive clement is

further coupled to a ground potential.

47.  The CMOS imager pixel of claim 44 further comprising:
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a second capacitive el enent coupl ed between said

diffusion region and said fourth transistor, said
woaw4iih2a76 ansi st or bei ng control |l ed to connect PCTAISE004/018425

second capacitive elenment to said diffusion region

such that said diffusion region obtains at |east a

third conversion gain. 44. A CMOS i nager pi xel

conprising: a photosensor for accunul ati ng stored

charge; a first transistor being controlled to reset

sai da prcear;capagtivg F@H@@QSion, connected to receive

the charge from sai d photosensor, said diffusion

regr 9 Qlelp@ﬁ]aggst%r fcbﬁél%d%%ﬂ%@éh%‘aﬂfdi%‘si@h rRgloMPAfd daiV Second

el enent; and a seco transi stor coupl ed between said

di f f usi opph&eiveBleantthtsaldihichpasistonbeing enatblled 86 donnect

second transi stor being controlled to connect sajd .

capaci t i sagd sdcenémapacéﬁ@aﬁl@tn@mﬁwdoﬁlf@é’gﬁndﬁg%wbﬁﬁ%t said

said diffusion regiqgn .obtajn secon ver.si on
gain. 454 I %I(#E@QP ableﬁs Iaq%’frdcﬁoerfg’?n& ) g%7}':‘11@ ein

said capacitive elenent is further coupled to a

suppl y }(@nggég%%grpmg EMPisingager pi xel of claim 44,

wher'ei n sal Ive elenment is further coupled to
a ground potential. 47. The CMOS i mager pixel of claim
44 f wiphloesseasopior atauynuladys Worahdanrgd;2376

PCT/ US2004/ 018425 a second capacitive elenent; and a
third transi stor coupl ed ﬁégmeen sa%P diffusion region
and ediret tsansisier beiagsereeled O ERe I REFY third

transi stor being controlled to connect said second

capagi c%ﬁ!@og e O%[BHt cdifhes R0 FEddiHSIHR Nt haREH @BmSHE phé@kensor,

said usi region obtains at least a third
conver si gfid Giaffilsiord Bgidn Mg b fgeonpersiin ggdonpri si ng:

a second transistor; and

a capacitive element coupled between said diffusion region and said second
transistor, said second transistor being controlled to connect said
capacitive element to said diffusion region such that said diffusion

region obtains a second conversion gain.

49. 'The CMOS imager pixel of claim 48, wherein said second transistor is

further coupled to a supply voltage.

50. The CMOS imager pixel of claim 48, wherein said second transistor is

further coupled to a ground potential.
51. The CMOS imager pixel of claim 48 further comprising:
a third transistor; and

a second capacitive element coupled between said diffusion region and said

third transistor, said third transistor being controlled to connect said
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a photosensor for accumul ating stored charge; a first

transi stor being controlled to reset said pixel; a
wdi20d4u32306 regi on, connected to receive the chacgastoaenis42s

sai d photosensor, said diffusion region having a

first conversion gain; a second transistor; and a

capacitive el enent coupl ed between said diffusion

region and said second transistor, said second

transi stor being controlled to

.connect said d
capaci | EOBM SABIENCEIGRFRF ot T SHBROPIERISH WisPihet 3]
paci t | 6% _ _ 8
o b 0o e AL BRLEIIS, AuncE RV ERRL O

said second transistor is further coupled to a supply
vokpages GOD ikigeb6Bptisger pi xel of clai m 48,
wherein said second transistor is further coupled to
a ground potential. 51. The CMOS jmager pixel .of claim
48" f arregieter domipprsingand quipkiting Plﬂa%g%%%?t,e £HATEE>

second capacitive el enent coupl ed between said

di ffusi.on.regi an and saj t i I st 284 haree fi
third ‘i‘&ﬁﬂg?g?%fmb%?rﬁbc thgnttor%{;{lgcd&{cg[ cgﬁ ot sg(lﬂd argg rom
WO 2004/ 114348sRE a0 A 184idh hasBgoNHrse apawdrtibu gain; and
el ement to sard diffusion regron such that said

di ffusion region obtains at least a third conversion

gai n.a GhveAid@CEin mkigeng cyopt conngytechta wig difijsigyfegion, sal
i nputting and outputtin hot.0- gener at ed,;char ge;

di f f usi OROPEGPIOR, 53D ﬁlﬁcérg}ggﬂr%t l?eéja.% Ichétribﬂ%ct' & gl%ing% the first
phot o- gengral ed,, 08 i QEdn @ 8bithdr§9h $hBY anB@d €hange the

cgﬂg
di f f usi orY region fhaving a tirst conversSion gain; and

a conver st@hPédveddidephinGoahe ivsticonversieatgaih.t o sai d

di ffusion region, said conversion gain altering

circuit being controlled to change the first - .
53. The imager of claim 52, wherein the first conversion gain 15 used during

low light conditions and the second conversion gain is used during

bright light conditions.

54. The imager of claim 52, wherein said conversion gain altering circuit

comprises:
a capacitive element; and

a dual conversion gain element, said dual conversion gain clement being
controlled to connect said capacitive element to said diffusion region

such that said diffusion region obtains the second conversion gain.

55. The imager of claim 54, wherein said diffusion region has a first
capacitance associated with the first conversion gain, said capacitive
element has a second capacitance, and a combination of the first and

second capacitances is associated with the second conversion gain.

29



conversion gain to the second conversion gain and to

change the second conversion gain to the first
woamansi7en gai n. 53. The imager of claim 52, ROEUSRW4/018425

the first conversion gain is used during |ow |light

conditions and the second conversion gain is used

during bright light conditions. 54. The inmager of

cl ai m 52, wherein said conversion gain altering

circuit conprises: a capacitive el ement; and.a dual. .

corfver sTlmingagicn of Flaive /5, WaKrAn dUsHSEH ﬁﬁ%ﬁgg SRR Hpacitance 1s

el enment bein controlled. t. | HeHARAg bl

el enent grgagcgitlaand fiffgti %E\Qa?lgaéll%g ﬁﬂﬁg%s(s: h that sali %Iﬁlhﬁgn of the

di ffusi opysf 28 acRRl@bASahb&. Second conversi on gai n.
55. The 1 mager of claim54, wherein said diffusion

region has a first capacitance associated wth, tge )
fi§%t CDhwansieoof ghim,54s ailerdasaididual eonvardpp garhgemant 1s a
second capaci tapce, and a conbi nation.of tihe first. .
second cHARYIPRATERS ASAULCRIEIELOGEHYT AGUELHT rY%ESlOa}{]gam
conver Si gnngglisg 1&9 WD 2004/ 112376 PCT/ US2004/ 018425

56. The |?rager S cl ai m 55, wherein a register charge
storing capacitance is greater than the first .
capgci t #RE anag dfeksmtig whidteincaiibiomatisom gdintaktering circuit is
first and second capacitances. 57. The. i mager of .cl ai.[P
54, wher ebmirglictibasedloncsnaepanief sjared SrEgredttersdan sai
transi stor .having a gate connected to receive a dua
conversi 8fVi§&i n control signal. 58. The inmager of

cl aim 54, wherein said conversion gain altering

Ci Ui t i t 5l digds P ased cidsarNd @dIRYAverdionsda0t edment is a
chg?ge Eé?ggﬁgg‘fn said’ device. 59. The inagz% of

cl ai m 54 trankistor iand saidd-agaative dament isercagagitore baguransisepr is
a . . .
connected between said floating diffusion region and a first terminal

of said capacitor, and a second terminal of said capacitor is connected

to a supply voltage.

60. The imager of claim 54, wherein said dual conversion gain element is a
transistor and said capacitive element is a capacitor, said transistor is
connected between said floating diffusion region and a first terminal

of said capacitor, and a second terminal of said capacitor is connected

to a ground potential.

61. The imager of claim 54, wherein said dual conversion gain elementis a
transistor and said capacitive element is a capacitor, said capacitor is
connected between said floating diffusion region and a first
source/drain terminal of said transistor, and a second source /drain

terminal of said transistor is connected to a supply voltage.

62. The imager of claim 54, wherein said dual conversion gain element is a

transistor and said capacitive clement is a capacitor, said capacitor is
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transi stor and said capacitive elenent is a capacitor,

said transistor is connected between said floating
wdi2dd4u320e region and a first termnal of sai BCT/US2004/018425

capacitor, and a second term nal of said capacitor is

connected to a supply voltage. 60. The imager of

cl aim 54, wherein said dual conversion gain elenent is

a transistor and said capacitive elenment is a

itor, d .t t ed. bet id
{1 at| ngeaorsdi v rayiA IR FEIdH Hal 2 6%
sald capaclt O/C%‘?TIH C’{m]al%P§&Q9d &gﬁmtgﬁlan‘afa s%@blqd sourcc4dra1n

capaci t of°§'&° found ‘potenti al

i mager ofe &kl B S4d tMMRSE®RIr s &ﬁirﬂécﬁﬂdiado a:gmnﬁdq»cn:nn@ail n

element 1s a transistor and said capacitive el ement

Is a capacitor, said capacitor is  connected befween
sabdl | B¢ imagediof Flairn &, mbgrain sailrirguitiiy gennected to a supply
source/drain term nal of said transistor, and a second
sour ce/ dVaf48c term nal of said transistor i's connect ed
to a supply voltage. 62. The inager of claim 54,

whgy el ﬁ@ﬁrﬂ n%f%f EARVEY SiRReifd3hid RN tohSected to a ground
transis or and sai apéCI tive element is a capacitor,

sai d C&p@@hﬁ@hLlS 30 WO 2004/ 112376 PCT/U82004/018425
connected between said fl oati ng diffusion region and a

first source/drajin_term of sai.d transistor. d.a
Lo6End 3BarDeEai ey s BonicEd i manies i fiidh

connect ed to a | L gpa%tt%&)t& verstoh ﬁéﬁﬁ? i mager of

claims2r® said Circuit is cohinected to a
supply voI tage 64. The inmager of claimb52, wherein

sakg, ci neUhdagksSsyseaneeohgtisi:a ground potential . 65.
The | mager o? cpg|n152hq%here|n said circuit provides

said diffusion region with nore than two conversi on
gai nsa processor; and

an imaging device electrically coupled to said processor, said imaging device

comprising a pixel array, at least one pixel of said array comprising:
a photosensor for accumulating stored charge,

a diffusion region, connected to receive the charge from the

photosensor, said diffusion region having a first conversion gain,

and

a conversion gain altering circuit connected to said diffusion region,
said conversion gain altering circuit being controlled to change the
first conversion gain to the second conversion gain and to change

the second conversion gain to the first conversion gain.

67. The system of claim 66, wherein said photosensor has a first capacitance

and said diffusion region has a second capacitance that is less than the

first capacitance.
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66. An imager system conprising: a processor; and an

i magi ng device electrically coupled to said processor,
wealm/iizEgi ng device conprising a pixel arrayPCatus2004/018425
| east one pixel of said array conprising: a

phot osensor for accunul ating stored charge, a

di ffusion region, connected to receive the charge from
the photosensor, said diffusion region having a first

conversion gain, and a conversign gain alteri .
ci 8&ui t Teopiivesr of cin &) whares a%g&’?%ﬁ%sﬁfl&?{ i§ 2 glfgpdiode.

conversion gain altering circuit being controlled to

chagge 'f%éhe sysf:énﬁ oF Cféﬂ-{} %31 Yh2fid @%ﬁ éath%éﬁﬁs&q‘é Qihotodiode

conver si gai n an o0 ¢thange second conversion

gain to thendckdbio £odpaeitsi.on gain. 67. The system of
cl aim 66, wherein said photosensor has a first

capacitance and said diffusion region has a s?ggnd
capaci t Zheeyst¢ratofickih &s viiesgin shie POPSNSQRILS 3RROAAEES
31 WD 2004/ 112376 PCT/ US2004/ 018425 68. The system of

laim 6 wh [ ' h Qr 1 + adi
oS S T TR Bdscncucn

is a photodi ode connected to a capacitor. 70. The

Syghem ghe %i;s%rm FRlaiWhsY, iHer&aiseidpiiatyds e GIOS srray.
phot ogate. 71. The system of claim66, wherein said
phot osensor is a photoconductor. 72. The_ system of
cl Bm 6B hewpemmiof chaindd G rvheyeinsaid amuds alGGl ay. The
system of claim66, wherein said array is a CCD array.

oart f EBERCE e St UGe Sl YRIeHAL crci
el ement ; c%H-HJrises:

a capacitive element; and

a dual conversion gain element, said dual conversion gain element being
controlled to connect said capacitive element to said diffusion region

such that said diffusion region obtains the second conversion gain.

75.  The system of claim 74, wherein said diffusion region has a first
capacitance associated with the first conversion gain, said capacitive
element has a second capacitance, and a combination of the first and

second capacitances is associated with the second conversion gain.

76.  The system of claim 75, wherein said photosensor has a capacitance

greater than the first capacitance and less than the combination of the

first and second capacitances.
77.  The system of claim 74, wherein said capacitive clement is a capacitor.

78.  The system of claim 74, wherein said capacitive element is a polysilicon

capacitor.
32



a dual conversion gain elenment, said dual conversion

gain elenent being controlled to connect said
woapriizizee el enment to said di ffusion regi on BaThskiwanis42s

said diffusion region obtains the second conversion

gain. 75. The system of claim 74, wherein said

diffusion region has a first capacitance associ ated

with the first conversion gain, said capacitive

el enent has a second capacitance,, and a conbi nati on_of. .
CHED1 | rBhe sintemn cbebim Zaapaereartl i nbeaERp ARy SRR

t he second conversion In. 76,41 f j :
75, wher BARSIEGF wBH%?é%%%%%Fﬁﬁggigggg%gi??g%%gﬁh@kﬁhlgmn

greater thaRotdeadiirst capacitance and | ess than the

conbi nation of The first and second capacitances. 77.

The system of claim 74, wherein said capacitive, :

el 80ent The sptanpdclain74, wigreirsadsipiel eprvsrsien gap elgment is a
wherei n sai d capagitiyve el.ement is a_polysili : :
capacit0P3n§§DVEP§6§gFﬂf§§¥@‘%E??%Eﬁ@dﬁ?%§§22%&9?EPMHOIm
The syst em Qfc.&d Bt czﬂ’sai%aﬁhg o P@%ioﬁ QRY QI fikORrminal
gain element 1S a transistor ving a gate connected

t0 recei wesdadddcitos well Sicoond atrminalosftsniol capaginad is cggnected
The system of claim 74, wherein said dual conversion

gai n el emeatsupplyavoltegansi st or and sai d capacitive
elenent is a capacitor, said transistor is connected

be en.said flogtin j ff,usi.on [ a fj .
t emlienaﬁe SYSTER éaé'g%g4’tv%t%€relg‘nséf d:@%ag g gnd t lgfl a%g%kg%‘em 15
said cap Q&intsgfori D dG21NGeEHve ElemRnf itRDtapadiedr, 8gé tradldistor is

The systemof claim 74, wherein said dual conversion
gai n el eneahedtsd detweeanaidsartingndiffesiod regipacing;afrst terminal

element is a capacitor, said transjstor i connect ed

bet ween sdisaidfqapagitasgant} ¢ ﬁ%@ﬁéﬁc‘i‘@é‘ﬁt# S&HﬁC%PaF’it?’sis connected
term nal _ of saig cgﬁﬂ%@tor, and a second term nal of

sai d capdlit&PPE P& t ed

82. The system of claim 74, wherein said dual conversion gain element is a
transistor and said capacitive element is a capacitor, said capacitor is
connected between said floating diffusion region and a first
source/drain terminal of said transistor, and a second source/drain

terminal of said transistor is connected to a supply voltage.

83. The system of claim 74, wherein said dual conversion gain element is a
transistor and said capacitive element is a capacitor, said capacitor is
connected between said floating diffusion region and a first
source /drain terminal of said transistor, and a second source /drain

terminal of said transistor is connected to a ground potential.

84. The system of claim 66, wherein said circuit is connected to a supply

voltage.
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to a ground potential. 82. The system of claim 74,

wherein said dual conversion gain elenent is a
woOnrengiist7er and sai d capacitive element is a CROBAISLMA/N1I8425

said capacitor is connected between said floating

di ffusion region and a first source/drain term nal of

said transistor, and a second source/drain term nal

of said transistor is connected to a supply voltage.

83. The system of claim 74, wher.ein sai.d dual d

cober sFlmsygtann of claira 0, PdieErin ts‘i“gr%rfgllt &F CORRfCleg 9 @ sroun

capacitive el.ement is a capacitor, said capacitor is

connect eB°t en said floating diffusion region and a

first source/drain termnal of said transistor, and a

segend SRY LR/ TICRImM!E, WHkedin didsdicdittpravisis said diffusion

connected to a ground potential. 84. The system of

cl ai m 66regidneméilnmond thapi tROWANVEBIHEHBEt ed to a

supply voltage. 33 WD 2004/112376 PCT/ US2004/ 018425

85. _The stem of. cl.aim 66, wh [ ' d LCM: L - ;
coBhect ’ggg system gﬂf § ggp gﬁgeﬁ?lflg[lg ﬁgséstghlgcerglgg} S#Jeﬁmlso%ccj' during
ol al m 661, yEhetSndiBbs S Bl deci@VbiRssioaigdirtishkes doring
regi on WI(% re than two conversion gains. 87. The

syst em obrigh@ligh66ondiienei n the first conversion gain
is used during lowlight conditions and the second

COMSeT Shon 981 o ocd Wm0 RULSEL LGN b crc
I Si | | i ' i . )
R AE A S A T e L

out puts f&g@é@f&@&ﬁf&gﬁg@hf@@@_n. 89. An imager
system conprising: a processor; and

89.  An imager system, comprising:
a processor; and

an imaging device electrically coupled to said processor, said imaging device

comprising:

a diffusion region, connected to receive stored charge from a

photosensitive device; and

a circuit connected to said diffusion region, said circuit providing said

diffusion region with multiple conversion gains.
90. An imager system, comprising:
a processor; and

an imaging device electrically coupled to said processor, said imaging device

comprising:

a register for inputting and outputting photo- generated charge;
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an i magi ng device electrically coupled to said
processor, said imagi ng device conprising: a

wdi20d4u32306 regi on, connected to receive storedpPChasgm4/018425
froma photosensitive device; and a circuit connected
to said diffusion region, said circuit providing said
diffusion region with nultiple conversion gains. 90.
An i mager system conprising: a processor; and an

i magi ng deyvice electrically coupled to said processor
said i mgid@lmreﬁonmﬁ@aﬁ% receive Fﬁxé)g:ovrggpera%ccia cHarge

i nputting d_out L Ng - : . ;
W 2004/ 5 1 255w S Bl ISR Ol B %@%%q?ggciogﬁ?mm
connect ed tgif egRi ve the photo-generated charge from
said register, said diffusion region having a first
conversion gain, and a conversion gain altg{in ) ,
cCircuit econeusion gan sherngififquittAHcEEd torsal élé#%alon region,
conversion gajn altering circuit.being.contr t
change t he 5%1‘4 FUVEEDHY gg"?i iR cHCY b%hneg %?nt?r(lg}}et%?tp? | %mngc the
conver si on gaj 5y ARdok BainBANC AL RPN Cofersih Ghihand to
conversion gains to sa émflrst convérsion gain. 91. A
met hod of ogehatisiid @ dfmgkipldexivessiors ghids iesdiddirst
conprising: storing photo-generated charge in a

di ffusi on regiverpiomgeputting a first signa

representing the stored photo-generated charge;

chapngi ng a gonversion.gain. of 1 Lf ' (o Ts DN,
P19 RS ST g LA
phot o-generated charge in the diffusion region having
the changepheRNYEhEhRA daige in a diffusion region;

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

changing a conversion gain of the diffusion region; and

outputting a second signal representing the stored photo- generated charge

in the diffusion region having the changed conversion gain.
92. The method of claim 91, wherein said changing step comprises:
changing a capacitance of the diffusion region.
93. The method of claim 91, wherein said changing step comprises:
increasing a capacitance of the diffusion region.
94. The method of claim 91 further comprising:

resetting the diffusion region to an array supply voltage prior to storing the

photo-generated charge; and

outputting a third signal representing the reset diffusion region.
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92. The nethod of claim91, wherein said changing step

conprises: changing a capacitance of the diffusion
woegi4n23783. The net hod of claim 91, wherei n SRCTUS2004/018425

changi ng step conprises: increasing a capacitance of

the diffusion region. 94. The nethod of claim?91l

further conprising: resetting the diffusion region to

an array supply voltage prior to storing the

phot o- gener at ed charge: and outputting a third signa

r ePp-esehits mgtherbof daigy 9@%?*@%4 P‘%ﬁ?g fhe aciy Ogl\D

2004/ 112376 PCT/ US2004/ 018425 95. The nethod of claim

94 furthe | 81 : il .

ol P o i SRTROLAAE e Be AP ind SAREURLSARA, i ng

the sanpled and held first, second and third signals

t 0 Olkigieitha sarfpledienatiedd Gt pittondhne thisd sighhls toetthad 2

of claim91 further conprising: sinultaneously

reset t i ngotrtletedi utpst vue.egi on and a phot psensor

provi ding the photo-generated charge prior to storing

andOout SO EFge8 of il 7 Gk rPaBERL R the Teset

di ffusion region. 97. The nethod of claim96 further
CONPIgi Siftheolisly 26ttt thes@ifbibAgegiod andl dpingrosdresor providing
first, second and third signals; and using the sanpled
and hel dtlié¢ psoto-gsawoatdd ahargepriod tgisgﬁm%thﬁ@ftﬂipﬁeﬁleﬁtc‘i
correl at ed out put v?ﬁfe. 98, The,net hod of claim91l
further chwgeils thgdision ©givtoaltly resetting t he

di ffusion region, a photosensor providing the

phot oo'Lg'Eﬁg{n%t £Hhit1aE98 rggk?%&tﬁ%%@réﬂc‘l diffiRePregiced to

change conver ston

97. The method of claim 96 further comprising the acts of:
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.
98. The method of claim 91 further comprising:

simultaneously resetting the diffusion region, a photosensor providing the
photo-generated charge and a capacitive region used to change the

conversion gain.

99,  The method of claim 98, wherein said resetting step substantially

eliminates shared charges.

100. The method of claim 98, wherein said resetting step substantially

eliminates lag for a subsequent readout operation.

101. A method of operating an imager device, said method comprising:
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99. The nethod of claim98, wherein said resetting

step substantially elimnates shared charges. 100.
wohersnmarited of claim 98, wherein said resetti ngCTUSP04/018425

substantially elimnates |lag for a subsequent readout

operation. 101. A nethod of operating an inmager

devi ce, said nethod conprising: 36 WO 2004/112376

PCT/ US2004/ 018425 transferring photo-generated charge

to a diffusion region; determ ning.an.amunt of the

st or sandpringePhoteHepaatehcRaEe 5d Lﬂ@u%“ geton;

predeterm ned threshol d; changi ng a conversi on gain of

the diffusi.o ' A7 | ined that the

anou%138@“%?%?é§ggﬁ§?égﬂgigggﬁga%ﬁ%g}hreshold; and

outputting a signal indicative of the charge in the

f | oatbR@adh thishwouned opredeldindheundtdidd of clai m

101, wherein said changing step conprises: changing a

capaci tance of the diffusion regi.on. 103..The,nmet hod

of ¢ rbmiam,comﬁlenrgaghpﬁﬂ@réﬁgwﬂﬁ regign iLig Ay dstsprned that

i ncreasi a _capaci tange, of t {f | gh.om. 104.
The. ot O SPORTATTFa0a cParecrareRrbr et 87 et I ng
the diffusion region to an array supply vol tage prior

to's _to%gﬂ)ﬁ@in%rhesigr&m HBchaRarabedhapaigtie fodirpdiffutibnnggion.
a third signal Ttepresenting the reset diffusion

region. 105. The nethod of claim104 further )

cdfPr i sThe ndtkodof claimh 101 wirsrain said chapSNgiSkHg §qraprises:
first, second and third signals; and using the sanpl ed

and held first, second.and.thi.rd sjgnals to obtain a
corr 8?@8g6dPBﬁPm9&Fﬁgamfagﬁm?ﬁéQ%% hod of claim 101
further conprising: 37
103. The method of claim 101, wherein said changing step comprises:
increasing a capacitance of the diffusion region.

104. The method of claim 101 further comprising:

resetting the diffusion region to an array supply voltage prior to storing the

photo-generated charge; and
outputting a third signal representing the reset diffusion region.
105. The method of claim 104 further comprising the acts of:
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.

106. The method of claim 101 further comprising:
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WO 2004/ 112376 PCT/ US2004/ 018425 si mul t aneously

resetting the diffusion region and a photosensor
wonrowild2atg t he phot o- generated charge prior toPETMISROVG 018425

t he photo-generated charge in the diffusion region;

and outputting a third signal representing the reset

diffusion region. 107. The nethod of claim 106

further conprising the acts of: sanpling and hol di ng

the first, second and third signals; and using the Iy
sanphigtiliengongdy HCSF‘EWEL%Q@‘W G0t ARt 4 P °§?1%P§0rt providing
obtain a, cqgrrel beferafed
claim 10%1ef (%tﬁ_e%%‘ilglgrtrc%{rj%}g#%%ﬁaéy%f%gﬁgc;%;g?&%get ting
the diffusio0id 8@ Qffusién REGbASERBOr providing the
phot o- generated charge and a capacitive region used to
change the conversion gain. 109. The nethod of claim
108, owhmuteing asthird sigrebrapresgnting she rsst @usiQp) rpgion.

el i m nates shared charges. 110. The nethod of claim

oAV nate s 6 BRI BHHBRE AL B r

111. A nethod of operating a CMOS i nmager device, said
met gy, ERERR Holling PRONsli seeordl pirOtiasesigaslsfad ng a
first cgpa Itance; providing a diffusion region having
a second capacitance that is less than the first |
capaaisiranthe; sasipbad agl pthd fiostgessendnad thivd sigmalsitophtya 2
phot osensor jn the diffusion region; 38 WO

2004/ 112396kt ©EPED%IBL8425 det ermi ni ng an amount
of the stored charge;

108. The method of claim 101 further comprising:

simultancously resetting the diffusion region, a photosensor providing the
photo-generated charge and a capacitive region used to change the

conversion gain.

109.  The method of claim 108, wherein said resetting step substantially

eliminates shared charges.

110.  The method of claim 108, wherein said resetting step substantially

eliminates lag for a subsequent readout operation.

111. A method of operating a CMOS imager device, said method

comprising:
providing a photosensor having a first capacitance;

providing a diffusion region having a second capacitance that is less than

the first capacitance;

storing photo-generated charge from the photosensor in the diffusion

region;
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conparing the anmount to a predeterm ned threshol d; and

adding a third capacitance to the diffusion region
weucl¥/titeas t he conbination of the second and PoTm82004/018425

capacitances is greater than the first capacitance if

it is determ ned that the amount of stored charge

exceeds the threshold. 112. The nethod of claim 111,

wherei n said addi ng step changes a conversion gain of

the diffusion region.éé 3. The, net hod of claim 111

f ur t ARICrBEHAE A8 jAHP U ‘??tﬁﬁc‘%ﬂ‘gr%‘?’ffusi on region to

an array supply voltage prior to storing the

phot o- X i 1d:-hingd si gnal

Fopr CLRERT AL AR0BA00 o PR R e The

met hod of claim 113 further conprising the acts of:

sanphidiggandhificdaghdigntaeo the diffusivecogidnaudh thatthe

signal s; and using the samle nd held first, secaond

and t hi r gombiasrs of shescana aag tgﬁarcéP%&“é‘BC%f §£ﬁa%°f thin the

\églmlj?i' sil Jgst cgﬁﬁiﬁ?ggﬁgg dg ﬁ?/t%lqugisl{eytdt%%t {Hér:{rlq@lﬁ?t of stored charge

I'ng the diffusion

regi on apd.theqrhatQaersor prior to storing the
phot o- generated charge in the diffusion region; and

outputting a third signal representing the reset
dilipusi The neghod of tlafa 1Thewinetcin said fadding siep UBAFEGE Eher

conprising the acts of; ling.and hol ding the
first, sé@%YFGSl%&anlfrt&%ﬁ%ﬁ‘P%f % 39 WO
2004/112376 PCT/ US2004/ 018425 using the sanpled and
hehd 11 a8k mAR6ARE AN 101 G} B6abAshe: obtai n a

ed ou

correl a put value. 117. The nethod of claim 111
further conprising: sinultaneously resetting the )
di f f ysic@ning elgd diffusiohecgioatrosmneory sapglyavoltage prior to storing the
photo-generated charge; and
outputting a third signal representing the reset diffusion region.
114. The method of claim 113 further comprising the acts of:
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.
115. The method of claim 111 further comprising:

simultancously resetting the diffusion region and the photosensor prior to

storing the photo-generated charge in the diffusion region; and
outputting a third signal representing the reset diffusion region.
116. The method of claim 115 further comprising the acts of:

sampling and holding the first, second and third signals; and
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capacitive region used to change the conversion gain.

118. The nethod of claim 117, wherein said resetting
webkep/13edet antial ly elimnates shared char gespPCtA82004/018425

The nethod of claim 117, wherein said resetting step

substantially elimnates |lag for a subsequent readout

operation. 120. A nethod of fabricating a dua

conversion gain pixel, said method conprising the

steps of: providing

ohot BBEShE SYBPIcE GRERaIE Btrsat i BAOhiRG X nils £a pbIRIn 3

a fIoatiagfgif%Qﬁhﬁﬂt%ﬁgion Wi thin said substrate, the
floating RRRVEIRe regi on having a first capacitance;

and providing a conversion gain altering circuit

WL TP N The nsethsd batlaim Wherfeither ¢draprdsinger si on gai n
altering circuit is controllable to add a second
capaci tance to the capacitance of the diffusion

r egi smultmEouylygesesingthediffasian irgion, tsarhatRspyand 2y
f e o e : N
Subot ot st BRGhTRED P i BEIARUER Rk TR

hi gh pinning voltage within the substrate. 122. The

gt §od 9f, Ghah B b2RlawhaNei, Wheadifl ssitiepscefing sepisdbstanaally
phot osensitive region within the substrate conpri ses:
40 WO 20@Hmid8yhardI¢idgR304/ 018425 providing a
phot odi ode within the substrate; and connecting the

phot odi ode to_ a capacitaqr 23.. The net hod of L.
180 her brmahpd BTN oG iR NG 4 SepHae seR bRy
regi on wit.hi. 1S8% i Ng a
photogatghaﬁﬁﬁ%gﬁgﬁgpéE@§%§g§gﬂg%%4. hggﬁethod of
clai m 120 wherein said step of providing a conversion

120. A method of fabricating a dual conversion gain pixel, said method

comprising the steps of:
providing a substrate;
providing a photosensitive region within the substrate;

providing a floating diffusion region within said substrate, the floating

diffusion region having a first capacitance; and

providing a conversion gain altering circuit within the substrate, wherein
the conversion gain altering circuit is controllable to add a second

capacitance to the capacitance of the diffusion region.

121. The method of claim 120 wherein said step of providing a
photosensitive region within the substrate comprises providing a

photodiode with a high pinning voltage within the substrate.

122. The method of claim 120 wherein said step of providing a

photosensitive region within the substrate comprises:
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gain altering circuit conprises: formng a capacitive

el ement within the substrate; and form ng a transistor
woRbddn2a7he substrate, wherein the transi stor PET/US2004/018425

connected between the diffusion region and the

capacitive el enent such that when the transistor is

activated, a capacitance of the capacitive elenent is

added to the first capacitance. 125. A nethod of

fabricating a dual conversiogn gain pixel, said nmethod
conpriteviding pehetediadomithyy g\?i S&gﬁéatg’ %"thst rate;
provi di ng a photosensitive region wthin the

subst " j ' t istor within the
subst%ogbec?ﬁoghge@g?@%dgeﬁhéi gczt& providing a

floating diffusion region within said substrate, the

f 1103t i nThedhéthasi sftldegl Znwhencimepid stepraftprovidarg 4 ance;
provi ding a second transistor between the .y

phot os endihdatosensisiyr srgiamithie the SUDSHRHCUPPHS PEaviding 2
region, the second,t.ransistor being controllable to
transfer @M?%ﬁef‘wm?ﬁ%s‘%ﬁgﬁﬁ%ensi tive region to the
floating diffusion region; 41 WO 2004/ 112376

PGH/4US2684/ B1842F0f diarm 2B wheFdP 86 btepeofghremiiiig Wicbhvdision
the substrate; and formng a third transistor wthin

t he substgaih eltenideie¢uit ¢cdreptidest d transi stor s

connected between the diffusion region and the
capaci.tive el enent ﬁuch th .W%Sn he thir

t r ansfOSPBRE R SAPRAGNFH FHENGW CRREEHf M he

capacitive elenent is added to the first capacitance.
126. érﬁﬁﬁg gqra?{%isgﬁ'%iﬂﬁﬁtth@ Sl tdHa wIEQENahS icfihsigRir s

pi xel ;" sar'd nmetho conprising the steps of: providing

a subst r a¢@inected between the diffusion region and the capacitive element

such that when the transistor is activated, a capacitance of the

capacitive element is added to the first capacitance.

125. A method of fabricating a dual conversion gain pixel, said method

comprising the steps of:
providing a substrate;
providing a photosensitive region within the substrate;
forming a first transistor within the substrate for resetting the pixel;

providing a floating diffusion region within said substrate, the floating

diffusion region having a first capacitance;

providing a second transistor between the photosensitive region and the
floating diffusion region, the second transistor being controllable to

transfer charge from the photosensitive region to the floating diffusion

region;
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provi ding a photosensitive region within the

substrate; formng a first transistor within the
weubsimnz’e for resetting the pixel; providi ngrPar/us2004/018425
floating diffusion region within said substrate, the
floating diffusion region having a first capacitance

and being connected to the photosensitive region;

form ng a capacitive el ement within the substrate; and
form ng a second, transistor EP‘ESE t he substrate,

wher ioFminga saRasiiye Cﬂ%‘?ﬁl‘@fi‘b‘iﬂ Bitreet®d bet ween

the diffusion region and the capacitive elenent such

t hat 121%10%9??&? CaRdsibE &% db%tr@fet iRk tla@ th.ll‘d trans1stor

capaci _ € capaci lve el'enent i's a
first capaebhidte&l betden the diffusion region and the capac1t1vc elcment

such that when the third transistor is activated, a capacitance of the

capacitive element is added to the first capacitance.

126. A method of fabricating a dual conversion gain pixel, said method

comprising the steps of:
providing a substrate;
providing a photosensitive region within the substrate;
forming a first tranéistor within the substrate for resetting the pixel;

providing a floating diffusion region within said substrate, the floating
diffusion region having a first capacitance and being connected to the

photosensitive region;
forming a capacitive element within the substrate; and

forming a second transistor within the substrate, wherein the second
transistor is connected between the diffusion region and the capacitive
element such that when the second transistor is activated, a

capacitance of the capacitive element is added to the first capacitance.
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