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wah 4/ 01842S +* CONVERSI ON GAl N
| m(égg%%m LED OF THg %@WM"W 0001] The | n&ST/Pﬁ%PH“‘”B“‘
~relates generally to imagitngs*devi ces, and nore
particularly to -dual conversion gain i.maging-devices.
BACKGROUND [0002] Inmaging devices, including charge
coupl ed devices (CCD) and conplenentary netal oxide
sem conductor (CMOS) imagers, are commonly wused in
phot o-i nagi ng appl i-cati-ons.. [0003] A CMOS inmger. .
circuit incl udBEJAHGWVEJIQI@I@fGWMéﬁwe' bs. -
Each one of . the cells includes .a photoconversion
devi ce or photosensor such as, for exanple, a
phot ogat e, photocoﬁ@b@ﬂbﬁﬂ?Eiiﬁﬂbfﬁﬁbﬁﬂhbbwor
generating and accunul ati ng photo-generated charge in

n ofwthe substrate of the array, A readout
Ci r@{ll t(?l s Co% ‘é?%&’f{f&?aé%fc&@ﬁ%we@am@émm apdapore

atpataddrlyad il Bdtive receives

pf?ot 0- gener at ed%af%gggfﬁ?génﬁgmg\é@p Vg&al ffusion region
and produces an output signal that is read-out through
a pi xel access transi st GACKGERMAIN®ne typi cal CMOS

i rr'ager pi xel circuit, the three-transistor (3T)

)é[fd ont ns a hot osensor for supplying
9%%&ner s tpcludigefcbargcorpuplahdonces {COBpind

éﬁﬁﬁ%éé‘?ﬁfm%%eﬁf‘?’?é%s A G ISR S TP —

t meeddinffhuso Gmageg ;quhc;iﬁnspr oduci ng an output signal;
-_and a row sel ect transistor for selectively connecting
j&ﬁ8ui f | | ower transistor -‘to a.colum line of a
r ay $1§P3$V§Fé‘allt rgied:s o fvaggrlampd a(tedy of pixel cells.

e tor configuratio which is
SF'EE#*‘%?C B Sl SRR Yo ﬁrsxofm i o1 pliasosensor such as,

t fansimplel b PhStSER¢ Cﬁ%t@@in@iu@ﬂﬁr 8€5hd gﬁchch For or senerating and

phot osensor to t ffusion regio
f afoupwdating Mpsgqm ftod cloaurgpit a pﬂ)ruon of the substrate of the array.

A readout circuit is connected to each pixel cell and includes at least an output

transistor, whj;h receives photo-generated charges from a dopcd diffusion region

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

[0004] One typical -C_MOS imagér p1xcl .'circu'it, the three-transistor ( 3T)
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 produc'mg an
output signal; and a row select transwtor for selcctlvcly conncctmg the sourcc :
foﬂowcr tran31st0r toa. column line of a pmcl array Another typlcal CMOS

~ imager plxcl crnploys a four-transistor (4T) configuration, which is similar to thc
3T configuration, but utilizes a transfer transistor to gate charges from the

photosensor to the diffusion region and the source follower transistor for output.
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*c00002* WO 2004/ 112376 PCT/ US2004/018425 [0005]

- whtenmphggry CMOS i maging circuits, . processing SpEPs2004/018425
t hereof, and detail ed descriptions of the functions o?
vari-ous CMOS S-elenents of an, imaging circuit are

descrij bed, for exanple, in US. 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 at, U S. Patent No.
6, BAH)52 tEmthpd@tei}l\M)Sim@ngntrcm péo@8sinG A4 ps thereof, and

* cleGulealse P S5 EHE BROERES of BRI G L KEFSRy of a0 Iiaging
[ngggge?c{rgg%ﬂbpa fro?fcmgﬁ i PSP NS 546@3@@%0(1@5 Us.

ére are two t'ypes of inagets. .

frdeede Xy pe, 3&6(&581@811&0(1&59@ S apacht Moc e aalmoaarseﬂmbdw& al.,
a | ow capacitance floating diffusion region.

chrfb iPaanit o red 26 682ita Fehpdqsfa@e% Reers e g@ﬂ%#@ért@l Bhodes,

P e ot o3 a0h e gty el resat aBRBiane

oREEARE ak RAEDy RO %d%{:?ﬁgﬁ%?é%%nﬁémﬂ G Sirer.

di ffusion region to achieve high full well capacity
an@o0@tyjnami ‘therangetwd lgbscria.hwgenr of inmgewser Thehist gypeawmbines a
conversi.on gain and poor, | ow i ght sensitivity,

,[@ma%a@&\: ahﬁwsynsqrwefié o %Pﬁ%éadlcs apag AiBisiqn regipn.

RS B VP RS BB et
| RWEREHtQBndHiAv %@1% pobr diRaRic hgdhahdUwREDwEIDvagacit A

“performance and h gh dynam c range. [0009] The above
asedond kygre cﬁfeatagcreeomhmcadmgh elpege aapaciay phetasangos with a high

v ri ous enbodi nment f.the | nvent
G ey Lo diffviencreionga i s RahEel bty and
29418 rank ?"ﬁ'ﬂ?hﬂ&%& RERERD . BRI D& RRKion %ﬁh%ﬁ]ﬂoor low
_h|g convetsion galn -and senditivity to achi éve
ekglel seasitivinpw | i ght
[0007] - Accordingly, there is a need and dcsiré for an imager with both

excellent low light performance and high dynamic range.
SUMMARY -

tOOOS] - The present invention provides an imager with improved low light

performance and high dynamic range.

[0009] The above and othcf features and advantages are achieved in
‘various cm_bodimcnté of the invcntion by providing an imager with dual -
. cénvcrsion gain floating diﬂ"-usion,rcgions’. 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 each floating
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performance and (2) high full well capacity and
conversion gain to achieve high dynamc range. A dua
n gain element is coupled between e '
W@"’Zﬂgﬁ%’@z WD 2004/ 112376 PCT/ US2004/ 018425 aﬁﬁ’?ﬁ%’u"“’“"“”
node and a respective capacitor. The dual conversion
~gain element switches in the capacitance of the
- capacitor to change the conversion gain of the FD
node froma first conversion gain to a second )
cdiffusioi ydegadn. redpretivaregacitonmYhodua kG son gmctcylmt _
i mager. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] The
. fwl@'gms Ngﬂmpéftlﬁéﬁc abitherrapaditordnFhnege tieeonyersianegain of the

ent o& Q%¢: econe nor.e appahgﬂi f&pnlthe .de Ied“r
c‘i“? R DESEARHIAIY SUB B FACHYHT SOPFBT e "bel Sw ™28
[OOY brcedf@mggr@]ylgfpcaﬁg%pgnyl ng drawings in which:

1] FIGS. la-1d are CM3S i mager pixels constructed
in accordance wth exenplary enbodi nents of the
i nvention; [BERIEF DESSRIPTIONOEF THEPRAWINGSr ans
representi ng the transfer of charge during an

OP B b L e Bl Sy B e

R

r epibeaRAEn B Prévided bAowveth edferepbat@ehaiittdbmpadying drawings in

operation of the pixel illustrated in FIG |a under a
sebathd |ight condition; [0015] FIG 5a-is a graph
illustrating pixel signals v. |ight exposure during

an tio h Rl IIustrate

"0 IRRIE B, L B EMOSHRLEPH§ Fh grordance
Swﬂﬁéxcm lir?r&ﬁibddﬁﬂé&@@%ftﬁé ﬁ%hﬁﬁﬁ durl ng an operation
of the pixel illustrated in FIG |a

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

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

~in FIG. la;-

[0014] FIGS. 4a-4c are potential diagrams representing the transfer of
charge dﬁring an opcfation of the pixel illustrated in FIG. 1a under a second

" light condition,;

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

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

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

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



3 WD 2004/ 112376 PCTI US2004/ 018425 [0017] FIG 6
illustrates a top view of an exenplary |ayout of the

W kil ustrated in FIG la; [0018] FIG 7 is.a CMXS
“@ﬁf’gg#”ﬁ“xa constructed in accordance with 5%3&[%@?04/018“3
exenpl ary enbodi nent of the invention; [0019] FIG S
i'llustrates an exenplary | ayout of-the pixel

illustrated in FIG 7; [0020] FIGS. 9a and 9b are
potential diagrans representing the transfer of

chdioge7dur i’ FEGas ilapehedsiaaBpohev BE aRiex@hplaby M$bitited Rt e ipixel
FIG 7 'under_a first light condition; [0021] FIGS.
10bseradiodFler dapot enti al di agranms representing the
transfer of charge during an operation of the pixel

il tedg L G der a second _I.i ght. condi,ition;.

[ oddBiSH & PG 7 hR el PR g S0 e
CanstheH ek@fplhfy GREQIARAEBS th¥ inlefioexenpl ary

enbodi nent ‘of ‘the invention; [0023] FIG 12 is an

exenpl ary imager constructed in. accordance with an
ent®@lRgnt HIGt B dlustatestanexemphaly [9024 pf EeGisd ilamedin
pﬁ&e sor systemincorporating at |east one inmager -

d cé constructed in accordance with an enbodi nent of
the invention. - DETAILED DESCRI PTI ON [ 0025] In

th oW e Al Pt |

o g ey O PRt ia ol T B Sl (R fasfer of
S phaxigk idnainigam, oprefaticdonofidhic plixdl $llussfacsthinlIGvey under a first light
illustration various enbodi nents whereby the invention
rrﬁ?ﬂ‘%‘élonbr acticed. These enbodi nents are described in
sufficient detail to enable those skilled in the art

e hther B bt YOS Btk Ao st b Y anster
of charge during an operation of the pixel illustrated in FIG. 7 under a second

light condition;

[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 imagé_r constructed in accordance with an

embodiment of the invention; and

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

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

- [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

4



enbodi nrents may be utilized, and that structural,

| ogi cal, and electrical changes, as well as changes

' terials used, may be nade wi t hout de

‘WPP@%@@EQE spirit and scope of the present |nvégﬁpgﬁ9“°m4h
Additionally, certain processing steps are described

and a particular order of processing steps is

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

limted to that set forth herein and may be changed as

| smbkdigwntd May e wdllibed Windthbhhenexeeptlogitalphnd tiepgical changes,
acts necessarily- occurrlng in a certain order.

[ 802 asthenges insht wertenals used, mayhs made witopt depaseng from the

under st pod _as nterchan eable nc di
sTHYIG SCQPF Ioé (t.)t?’F BYS§H 4 (%&qsl Cf:gltl% rpgca%cssmcr steps

S%m&k{rﬁ)cﬁ%)a ?ﬁ&r gn &Q@% %ﬁ?ﬁ%&ld&& however, the
epi taxi al | ayer suppo base '
sammemaﬂMﬁtqm1£ﬁdﬂﬂﬂmrdmodmndcoﬁhdth@&ulmmhduym@mhangcdasm
structures. Furthernore, when reference is nade to.a .
" fpewn m ghe arg, sk the exception PhEEPHPT 3k RECCERAEEY PEUERZ 10 2
|ousdcpr ocess steps may have been utilized to form

S, Junctlons or material layers in or on the
base seni conduct or structure or foundation. In
ad C[IOOBGF t THe SermsConderctaad ‘Rabstratet akersbd usddrsidaded,
but- could be based on silicon-germni um gernmnium:
gaittnchmmbbmr@eqs m¢ludmgémcnnomgc0%@mlé@ﬂaﬁ%t(%®1) or silicon-on-

nate 0027], The t i X refers.t
i1 B he ek andop s B inoh ok iRy pfilicon
d @Nﬁ;ﬁo@té&fhﬂ‘ B{isgss@ﬁﬁ&fn Q%rtféﬂlﬁtﬁﬁlo had Rhe e REE&THRIWREbr
el ectrical signal from el ectrofmagnetic radiation
semadrdsy Rulbthepinotqedrenatfrarce igmadeao aTheafai”xel ‘Substrate” in
dlscussed herein are illustrated and de crlbed
iolloyang AeripHent PEHSUS qucsiﬁst%ESarﬁgY i fc‘-mﬂiﬁm &p form

CIrCUItS f I I

et St omh 0% AR s R o (8 e MrpBAAGPfiruerure or
t reRlaBibAl 164HNItidH, ¥ed scrﬁ@bndﬁiﬁtopﬁcé&ﬁﬁt B¢ tiicoH-B&¥ed, but could
pi xel arrangenents having fewer (e. 3T) or nore

( bedhasedsdn sitihem gEouanitima gsinsamgng, g&ﬁm%aghnﬂheor other known

inventiqn is described herein . with reference to the.
artRICCBEREHE Mt 3% br i cati on of one pixel, it should
be understood that this is representative of a

Pl ufgd27)y OfrHR géfhS phR1"BR@E t8Y phlbotéRlement unit cell containing a

photoconversion device or photosensor and transistors for processing an

r 861’¥

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

5



I mager device. In addition, although the inventionis
descri bed below with 5 WD 2004/112376

W d$h22R04/ 018425 reference to a CMOS i mager, ' -
i nventi oﬁ has applicability to any solid stat gcﬁﬁk%omnmz;
i magi ng device having pixels. The follow ng detail ed
description is, therefore, not to be taken in a’

limting sense, and the scope of the present invention:

is defined only by the appended clains. [0028] Now

r efeendeng 4 GMOS inager, else invbrtien hiak epplehbilighaeanyustlielrssace
designate like elenents, FIG |a shows an exenpl ar
emnERsaeticohaanTRms!s. Thedellopingfetaded desceipgon is, therefore,

i nventi on, Simh.ar..to nost 4T .pi xels, ~t.he pixel. 10a .
| et Odestikebe Gl ¢85, ard Bl RES bf MRRN inTR s i
(§Binedidd B he hpisiedcRimd4 or transfer gate (TGI),
reset transistor 16, source follower transistor 18 and
row select transistor 20. In the illustrated

en)0028knt , Noswetaringtthehpfigates ] 9her lis refemetagdesnbers

dyal conyersj on gai el enment configured a

¢ At Bke S‘S“’(“-B%Gﬁﬁ iﬁ o ?Ih@fﬁrﬂ c%faﬁeﬁ%f*zﬁm@é a CMOS

( . i ) i £i our .
T T L S R

| chiles a Gdiloddbdensdisl Aifldating elifBisioa ppde 2Rt FIY)na-adifed transistor 14

conversion gain transistor 30 and capacitor 32 forma
- convarsi¢rogate 4T 1A} raset tepsisterc L1 sousse foHewer gransisfgr 18 and row

di ffusi .. [0P29] T hqt 12 | [ -

S HBRER ALy TS SLEetr cRay G AGHSF e At 10 2o

- PRRIRRSARIA! dsnviBIoR B2 dMALRAA RGuNEd 4k £ArhhGloPBONDIGT)
vol tage Vpin, a photodi ode connected to a capacitor, a

phod ey art-pixebeapmoios B2 CAP). [hatspeernsikdlila isleonftmired tha novel
hi gh ch ity., In the illustrated _

o Fbatrsteiic, Shorian ghvBishrindescabst ibepiomose gl 15 il

a ' i ni - VP, Ae: - . _
"pBIEELIEn PRl RO VPR o ot o
atOnRTHIGH hidGe iR Qi RER To Pt digusisaGhdde 2 acti ce

the i nvention. The photosensor 12 is coupled to the
floating diffusion node 22 via the transfer

t r d99R281 or The photpsenglerst? kst kighehargecapadmt phggosensor. The -

lhggfhuc Ia(r)gc Qgp%%it_}; %hggosggs\cl)? 13 rln%\fN be a photodiode with a high pinning

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 photbscnsors 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 g;i'm of 20 uV /e to 150 uV /e or
preferably 30 uV /e to 70 uV/e.

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

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



capaci tance such that it has a high conversion gain of
20 V/e to 150 V/e or preferably 30 V/e to 70 V/e.
e conbi nation of the high charge capacit )

W%%gfgﬂs}éﬁgor 12 and | ow capacitance floating W?/P%@PHWSQ-’

node 22 is a novel approach and provides a 6 WO

2004/ 112376 PCT/ US2004/ 018425 high dynam c range to

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

past, this conbination is avoi ded because the | ow

dagiadiyhaneeafgeomt the @il 1 Du sk aill Beditne Zpbadaasbalor. Ma\tRe past,

enough charge handling capacity to receive all the

dbis|combinatian is avoided becasse threlow eppacitance dlogang diffusion node

otosensor 12. In the st,.this _conbinati al s
PSRy & i e s teBesiSaS i ALRR ected

PNE shighioar . . 0
(%gési gnisrggoggﬂﬁ)cit>l<1 I Cd%}g’% tcgp%%ig’l %g%ng%eig?agg?i& %ﬁﬂg‘éﬁ&gsed
ypnthinawdaddsecshas chayganhadimgandhgesuedHb wepesed tadrighl light,
be . di scussed bel ow, .t he use of the high charge .
criyish are yplkaioebiswioidad whan designiagparixel icaorthe ampge
di f fusi. no rovi des necessary. benefi ts when .
g0 AR KB LR SR8 RS P olE, Bl evBha willbe
tdigusdedl ¥lovdktha R 6AARMiER chdrze PR3 Iphbi6seds@t 12 and low
conversion gain transistor 30 has its source term nal
cepacned flogtinghdiffiibiontriodg 28 prowsico neceshey Benefitsl wibies used in
drain connected to.,a first side of th&éi n- pi xel
CoRiRAGtGn vash % SPRVSHOR A HASINRYL ARY 57PAgH PR 32-

transistor 30 is connected to a dual conversion gain

conp6 ] Si INA alFFonviiot @R Hassidsr 90 hBJ‘tl‘%s sGRP@Edrhidfal

i s connected to the array pi xel supply voltage

\anpcted tothe fl&aimpndiffMcion odé22 a7 is UaiRbeiezred foea first side
di scl osure of which is_ hereby_ i ncorporated by . ) .
r AfTOF dRPEce] FRIEECTH:| L BE pateeise idyakcopvprsiaepaip gransistor 30 is

st or i L0-pi xal_.

SPlRER ORI rpkiln PR RBE B A3 CC ThE 3ok sige of ehe

t 2P a&ERNAS tdiectedZol the Afray Pised supgpf vEIge FhFpix. TFB. Patent No.
- where QPD is the charge Kandl ing ~ capacitance of the

p6.62 8 ifstor Riies QbaRischosube ot whiches henelly inmgrporated by

capaci tance of. the capacitor. 32 and QFD is the charge

h’gﬂaF??FgmdQ[fé‘E‘Fet% Cré cstwchrgéﬂt%gc capaCLtor _ at may oe used

as the in-pixel capacitor 32. It is desirable that the capacitance of the capacitor

32 is set such that Qpp < QCAP + QFD, where Qpp is the charge handling
capacitance of the photosensor 12, QCAap is the charge handling capacitance of
the capacitor 32 and QEp is ﬁhc 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



di f fusi on node 22. The dual conversion gain signal
(DCG is generated by the inmge processor or other
ircuit that is controlling the' opera}i f ;

WGQ@“‘S#‘Z@ Thi s processor or control ci rcwt%@?)ﬁm&ms”’

utilize additional photosensors or non-inmaging pixels

to determ ne the anount of |ight being processed and

to generate the signal accordingly (as discussed

bel ow). [0032] The capacitance of the capacitor 32 is

ovhtcbstrd] Rireuiy® applietithd Qaal @idemsivippsd coatiobsignal DCG to

floating diffusion node 22 when the inma processor

(Wwen ?pn\ngr dod4onyosing ga@rﬂasﬂmnﬁol wwﬂgbﬁcwmc wmmrgns|below,

g Crsnd Bl g e afBrH b g B o the
te{ §£t§5r9£n r u3er cfércﬁ&goﬂﬁl&&ﬁé%%ﬁcmg? |3QV¥3 cotipled ROthe

e gene ated at different tinmes dependi ng
Lﬂmmntghhﬂ“nsla@ potdear| tre cmttsionugan qgiithd ﬁommn:gélfﬁﬁwmodc 22
the capacitor 32 is coupled to the floating egyfoSI
nuidledezpease fremeapprexigassy gar Q)PVt/ﬁetOMPB&PPW@t f’«f?dé

?gglésp Eﬁ%g?w%&?%égg%%?ﬁm@g 2%[4?3 éq?qvgrsfc% égﬁ Wﬂc\{/ t%c dual

dédﬂ‘v@%i&ﬁ o 1R 4ndPD RS n@ns BAGRE dwaNY&HvetRbh Ba@intraMiRtor 30. As
the dual “conversion gain signal DCG turns on the dual

cowhettsl dnl gaiverdiomgsinsrasisgy. 3hsnd sepdsitor B2 fdumla conversion
conversion gain_tr i stor and c itor 32 forma
cHHD BHETIRS CIrgHf fPré-ﬁf gP?‘iﬁ@g éﬁ%@lﬂ"t n?%‘?% he floating

di ffusi on node 22. [0033] FIGS. Ib-Id illustrate other

ex y e
TOBE3LY , PROUL MRS gyl i AL Bt b of e
Ciphesh. BEGWEE fllistitted dlixat dl@bans;vmnh glad capaciaois83 isaroupled
- 30 and ground (rather than the array . pixel suppl
quzwge t%éugh C)@PVCIFPG gai UpPtisEeF PRand groppddra exchap the array

the
o wRBor B R e RAUGAEAE, b Bk I WhRA che
( b@ilﬁ&hﬁﬁg JfQhé BYIakitHOS2 hh@ e HallddRivEdioh gdif cAaRndisiod 30 are
ptxels 1 10b) FIG 1d illustrates another

exwm:hcair (yclpu\xoeto th@it piositickms i thE1@Hsle anshilh@ixsls 10ns 100).

CBPECL bt coial L SOMNCT 0% SR S ARy of 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 (instcad of the

array pixel supply voltagc 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

8



their positions in the FIGS. la and I b pixels 10a,
'10b) with the nodification that the dual conversion
woabéytisapsi stor 30 is coupled to ground (inst - -
the array pixel supply voltage Vaa-piXx). [oog U%}gmnsn:
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
vidh, trypicallx 0.7 embss. dont footrdsivingll ofRESETsdtstramssingort b6 allows the

R SR B o b e
TRER A9 ahOBeR: oty ARt Rl S pf s Wl pvsncon

VThe efiftte foMoRvee tidhsiftes @8 Has its patd faiiflcaddoio therieshiey diffusion
vol tage of the reset transistor 8 WO 2004/ 112376

PR, ood isorpangarsd begyeenythe aatay pixel upply weltagenVaa-pix and the
"overdriving" of t r eset ansistor. 16.gl |l ows the
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representing the transfer of charge during an

operation of the pjxel 10a under a first |ight _

coﬁeﬁééﬁn. bitialyy tﬂ_wsmav £ WP ainig didgrsidirds selected upon the

OR&ALR S Uhe Iiﬁﬁ'oBﬁzﬁglroJVQ@Icct signal 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 ﬁhc 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 inﬁgcr 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,
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[0036] Initially, the row in which the pixel 10a
resides is selected upon the activation of the

.ate row select signal RS. The floatin <
wg?ﬂ&ﬁgjgﬁ node 22 (FD) and capacitor 32 (CAl 'g/ps%qgé/msna
activated row are reset by the pulsing on both the
reset and dual conversion gain transistors 16, 30. The
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remains off. Al the electrical charge is transferred
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d the signal associated with the transferred charge
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t hen be used ract t.he sanpl ed exposur.e signal .,

( She7ante 1heDCURE] S e I BhrarrpdifRe o Ea Lifiior 32

d?&ﬁi"}“ap hdwe 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 samplc. 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



pi xel signal output value change as a result of I|ight
exposure to the pixel 10a. [0038] After the SHS1

wo Bhi123% read, and while the transfer gate c
signal TG maintains the transfer transistor 98 4/018425

in the on state, the dual conversion gain si gnal

i s- generated, which activates the dual rconversi on

gain transistor 30 (DCGI) and switches in the

capaci tance of the capacitor 32 (CAP) as shown by the
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as§0089} ed Mhtekarhplesoflthsvope@tibn off aigpix¢Vl Ga tuiddrshrigheror

18) with the dual conversion gain transistor 30 now
t mtmsa lighhexpasaferie pawedrscaotshvieh gefiepoin 50 ABFS: Aand pad 4a-4c.

S LT BB L0 et R
pbBEﬁneﬁ'ﬁQﬁLcrﬂ%HQBbvc m%f&&?&qs 6. 2al Ol redt, tﬁc%]kcl 10a

exposure to the pixel 10a. The inmage processor

ubeexpbsesl oilighl comingifros dreamagh brige, probessgt.eVho lp@ltgnual
conput ed out put_ signal change, or a_conbinati

 t Hiagra® o§ %ﬁaﬁﬂl&é%ﬁaaﬁaar@ﬁéﬁuwe AphFUead Py eubﬁlght light

ek VBG i BB e SRS SEAR GREIEAR ABLEREa bR

Pgﬂ&&%@%/tﬂl &éﬁt ExpdsifeStA %ﬁiﬂsﬁﬂ a8 cShiodt SEfIW Ghuéns on the
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condition are obtained as descri bed ove. wth -
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O en
w1th 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
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diagramof FIG 4a illustrates. a charge saturated PD
caused by the bright light exposure. The PD charge

woamagithysvel | is conpletely filled by electro _
generated by the |ight exposure. A transfer gg?T’Usmmm23

control signal TGturns on the transfer transistor 14
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state, the dual conversion gain signal DCGis
generat d, mhlch activates the dual conversion gain

t [ anS| S ; | : )ghgt%g W@L’ggg%alc?%wgﬁgﬁ&g% diffipsjon node

tEZ %Eﬁ e handl i ng capacitance of the PDis |ess

i ‘conbi ned charge handling capacitance of the
floating diffusion node 22 (FD) and capacitor 32.

This mmeaas that there can now be a full charge

t Qs f=e] Afp\WY. 2084 chdrz8 Haneiiig U§R0it of tidd edpacitor $hECAPD) is:
floating diffusion node 22, which is now a | ow

conversion gain node due to the addi ti ona

ca aC|tance shqmn in Fl This al l.oNvs the

SSERP e al%‘rEbﬂﬁ - \k@lpfmg?s Jor g qméqttapﬁ%%mpé the

and hol d S|g er ted ubl e

s GARACHAR S Fréyc oot 12 Tlo <RFB mUGGARHE be'no charge.

S Isganr%g unAJcr %%tgh\t/?.t he c‘gprz)asmgcs ‘when SHS2 is mcasurcd and no resulting
image lag issues. While under certain timing applications it is advantageous to

appropriately set the capacitance .CC AP 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. 1a. 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



[0041] In order to avoid charge sharing and resulting
| ag i ssues under bright |ight exposure, the capacitor

-w8320ds@h) nust be carefully chosen. W defin
charge handl i ng capacitance of the pinned phg¥éiﬁﬁf(“ml&u’

to be: Vpin QPD = JCPD dV. The charge handling

capacity of the floating diffusion node 0 22 (FD) is:
Vaa-pi x QFD = J CFD dV. The charge handl i ng capacity

of the capacitor 32 (CAP) is: Vpbi QCAp = CCA p

[Maaolss.x Thisdpi nignalASHIRGHAY) dshreriare sttt mqunr@@m:atdy 20Kc
the capacitor, 32 is chosen such that QPD < QFD
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the capacitance CCA p of the in-pixel capacitor 32
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ABIons S hen fﬂoa%ls@@%%ﬁﬁﬁﬁg"'Q%E‘a%i%'b?a%efwc and
Clhvt&‘)%v&lsi(cﬁl %%g ah.dcl 30‘?&1&@& @Had thed %\# ﬁgnafll{ t d8es not

strates Sl gna assocl ate ar ge

Serbert saturhted dtltha0Kg thilefHaldi dfidrodey aﬂlmmm gdine mkmalco 5
conversion gain transistor 30 is off. That is,

tlh‘é/¢ le shepuprt (RH.Sh SFdedas nosdscome @Wﬁp@@pﬂb%% Ke are

50 f t,§ -t
A SRS b0 e ey
trk&?esll's‘ Qld &8 ﬂh@ﬁ@l‘?@gynamt ‘Eﬂlgcrhchkk%cd id 10@5 ap RSl 5b is graph
exanpl e 75 about -Vt hreshold = Vaa-pix - Vpin = 3.
vithizgrsatthg3ary adjuisted ph@l WEn& (ihhe 2Svbs mnmeﬁomemsm
odeptt ol Bya HOREOMATAPOEALR R SpBR galip SPHghed 10 a

ol edtvalesh BAATR! isQlsséd AR YR RhOM SRS 490 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 (IST) pixel 10a illustrated in FIG. 1a. As noted above, the capacitor 32
is preferably an in-pixel capacitér which may be constructed in accordance with
U.S. Patent No. 6,429,470. Itshould 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



pV/e. At this point, the signal to noise ratio (S/N)
is approximately 140 db, which is an acceptable

woabhd@r1235kne 60 shows the signal associated wi : <
charge stored in the floating diffusion nodeEQEH&ﬁ%ﬁm"“l
the dual conversion gain transistor 30 is on. That
is, when the floating diffusion node 22 has a high
capaci tance and |ow conversion gain, line 60 reflects
that the output signal Vout does not becone saturated
amaiue, ROKR pdrfesh clecsameffuhbigohsoandeonukt diamge ghé noneersion
set tq 5 V/e then the output (SHS2-SHR) does noj -
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R Bt £ 3 s B B RGO Lt o blxcl
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adj usted pi xel signal 70 that results when the

floating diffusion node 22 initially has a high
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swgnadltcd\wl the lightcormditioss) 0\l tiee diuad gonmersiohpgain mragslaﬂor 30is
when the dual . conversion gain transistor i s t ur ned
oﬂif @ﬁe:owm@pme ﬂ’éa%lamslcwa@mexgn@tﬁbn @ BV déthe dual

h
CERLPrR Bhin TetRtorofiER aB B oot BYRGR BriED i
. Sun?arﬂc t e SHRhiS leHo evels are
rgﬁﬁpred t%sggg?esthe tﬁ?ggugggﬁéﬁgQﬁﬁ B@é%o&%@zh cls

Skiszed in(hé S}Inﬁl@nﬁhmlﬂlcusmnalt ¢k) avologgeviceal asfocaated with the
exenpl ary .| ayout transi st or

f th T i xel
AT opariondd (23 the toltags Tevel afsaEatr L ich She Fhires seat from the
mgﬁé‘%'s&%r 36 thd ﬁo&[rfg &H’QQBM ¥y pi xel capaci tor

may be const I'n accordance with U.S.
Patent No. 6,429,470. It should be appreciated that
the pixel 10a of the present invention does not
r e@0d8] t he FIGEnE{&illustraasiGMES indagetipatelild 0 dcmstructcd in
anot her enbodi nent of the |nvent|on t he phot gsen
12ccprdancsavith aaethRR CxRmElYT| BRbobENT 95 thotRvanpen. e pixel 110

connect t hout

STORALRE the SR o R T AT IRl RS . THE pIT 10 of

3%['16"@1%@21@& cﬁ%ﬁcﬁﬁﬂch@,dldvd&véﬂ? @s&3d®onventional polysﬂlcon 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
accumuiatcs 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



13 WD 2004/ 112376 PCT/ US2004/ 018425 nmanner, woul d
performthe sanme functions and woul d change the

wgemMAIshen gain of the floating diffusion noge | .
the same manner as described above with respec /@86%18423

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

pi xel containing a transfer gate or transfer

transi stor. [0044] Another operating node for the

various enbodi ments of the inventionis to set a user
) us trabifer i9ed theafloddify diffsibn Inedel22 (BIAL as showinhie FIGI9b. At
conversion gain transistor 30 could be turned on or _
¢his ppovt, giedlantiogtdiffinsign pade 2ddFlhrhaed 10y qapecitangpand a high
condi t.i ons.?. f the duEI copversjon gain transistor.30
S i BEdt 2P GRargashaEe beran Jghtjcgposure is low.

AR AL SR i Condebteit® AN mnIRRYSH Bk Uhafdl Would input,
transistor 30 Is on, the conversion gain of t FD Is
appplxinaeicd yhSsighdl/ (eia transishirsl &) pesoatatedy wihdihe ahatge stored in
two voltage |l evels are stored in the sapple and hol d
¢he Qemgzgl?@ilpnalq% Fageorelptad deulle syppangmay thee be used to

reset .opgrat.iqn; and (2) the-voltage | evel associ ated
v(\}%?cﬁ g&fﬁﬁcges%lég?w&%ﬁﬂ’lﬁe phot osensor to the
floating diffusion node 22. [0045] FIGS. 7-8

i1 [otat e A3 vialithd pRGEEMPbditlentslOf teABTIIHIE HeR the
accordance w th another exenplary enbodinent of the

iplhosesensnT. is Wceivigigdew Hgla signalsee deglt ceriviegsiom gainasdesamble.
e pixel 1 illustrated in FIG la, The pixel 110,0
G P ero P tiamaii herle™ taBairer< Batute BifRion nouc22
q0BY B 40N bnPali¥sldalef BindictoP e §l norGARRE 48], 132 and
any conventional photosensor 112. Althoug IGS. 7-8

illustrate a five transistor (5T) pixel configuration,
i t[GHS]l d FEGSppOeahdlOb arhpotentihkbdibgransfreprdsemunsg dtearansfer

e s e o B BT Bagh e
- SRR iqillp, TR AR THD 012, RREAGI Rl arkdE receiving
c@ndiage Gignall hOnpt ¥ed pHdtdsdiasr hegpoedasithy Pright dght, chnge

Is receiving an_image signal. Once the photosensor is
ecponahtesdn the PRo(FIG.giva). Thapgecntal diagram of FIG. 10a illustrates

a large amount of stored in the PD caused by the bright light exposure. 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 proc_cssof or other
control éir_cuit that is controlling the operation of the pixel. The transfer gate
control signal TG and the dual conversion gain sigrnal DCG may be generated
simultaneously or substantially simultaneousl?. 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
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w

accunul ates in the PD as shown in FIG 9a. A transfer
gate control signal TG turns on the transfer -

F [ r 14 (TGT), which causes the charge [ -
O 004! 112576 PGy US3004) 018425 PD> t RCTSH s
transfer into the floating diffusion node 22 (FD) as
shown in FIG 9b. At this point, the floating
di ffusi on node 22 (FD) has a | ow capacitance and a
hi gh conversion gain. There is no charge sharing '
hewauaecrtiba gairghddedposutie idklitiowl chs@ediaadling chpdcgrance.
circuitry connected to a columm |ine of the imager o

vicus dllawipie samphipg|of the bl wellesigRdnal (via

transi stor 18) associated with the charge stored in

t heydfdogat i ' ' Ehat ;
SaRfaels ey el 4Be gHRettan IEROAMAKER LS TS imager.
FRIAmple, B divall coaverkid@4Aln PEindipldd of kiee mvention may be
enbodi nents of the invention, when the photosensor is
iecerpuiane] Irswal CGRY insaggnaFEG. Al by ypowinivet & (6D gaiger 200

U KRUENE R T e F R
fgg;sﬁagégggb%gqg% {RNSkisP203Cof iRty ke £QnpA) from o

are potential diagrans
rgvtesesitivedetibe of etnishaper 200. dlherggistur203gs aften referred to as
operation of the pixel 110 illustrated.in FIG 7 under

athe [shargstcouplest devisedpiithe  CRHmages£00.1 O pugppt stage 204

A B 2SNl g BRE 2 Ep
chiakeen tt?ccgb'emﬂgaélﬁsiioﬁ dde IDudd giqi»p'll? Fbltagd¥cc is a gate 206 of
tentia lagram o r

po f FIG 10a illustrates a large
adTessed trafsissoor Adoiurcetthbowd wansseor 208 has étstgatgeanmdctyd to the
exposure. A transfer_gate contyol signal t.urns
e ERBon olied St BRe 10nrE P IOREE G o to8 ek SPORI

98l 3l ' ! YEERkODsIgRUY
PPl EBE S Bt o md PRafl e FRIVEER O Vo

t &&r&PBﬁain st d(BARe ot filisging diffasien siods 27ai All of the
signal ( ) is generated by the inmage processor or
otinaritry dosrribetl soifacigiconyémionakandhlirewn ip Hae > imager art.
operation of the pixel. The transfer gate control -

oo 10BR0] S 2 e ilchtet 1S Y 308 3hRePh ARR <AV 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 Vec. Iri_'opc_ration,: 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 transistof 210is on

and capacitor 212 connected to the floating diffusion node 22). Thus, the dual -
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simul taneously or substantially sinultaneously; Now,
t he charge handling capacitance of the PDis less .

conbi ned charge handl i ng capacitanc <
w?:}g(g(lltlgg%i ffusi on node 22 and capacitor 132%@2}%}05}&18423

means that there can now be a full charge transfer to
the floating diffusion node 22 node, which is now a 15
WO 2004/ 112376 PCT/ US2004/ 018425 | ow conversion gain
node due to the additional charge handling

CRRREIsioMESn trahbib®r 310 @8 chpRi®aPIRiprgvidé dublecdnivgision gain
full well signal. [0049] As noted above, the invention

i apabilityl icnitccdCDoINGRES2 § Oraglich yieldohigh dippme rape 2pd al
cong&rsion g%:n ri nci ples of .the invention may be

i SYealgRS Loy dight pedomm imager. FIG 11 is a portion

.of a CCD imger 200 constructed in accordance wth an

exgﬁﬁéij y epRod pmteats 4 BRkMigshind®r a TMOS G derdgaite 308
200 1 ncludes a shift register 2 for shifting charges

i Invikig & pixel arrapP23 osensirstivg pielsi lds 140 donstriigtad én thixpmanner
The regjster 202 is often referred to aiﬂ't he char el ali
cdispiseedl kareda refptiomto FERS h&@erl’%@?fa)& PIFQIMRSpSCs & plurality

t, St 04 _of. the. ' ' t :
oA SRR poh ARk Bah Bl AU YL e pic
f bo@ichnBwlinfdrki§i1208 AAYR bR3uaikl 8n SHER! stmeaimhabe a\foo setect

a gate 206 of "a reset transistor. A source follower
t immsnd thor g@els lné sadht colupan erc sersiyelrdutput biea colugyy salgst line.

4 RIBtAPe e G iduso e DO POBKEL ¥ Ve EAI by Zag The
g%o;kv A0ds Qxlétsgfé%tcﬁch)raa?dtQQ@gib k ro®OdhwRs 20 Gh B&Fbﬁscsﬁooxrcﬁ&j

rge on t ting fusion node 22. Al of the
Chddxdbd datodes 2Bl bed dsocdhamni sslecolinasnire exledtivatychickinanad by the

inthe CCD imger art. [0050] The illustrat i mager
200luais driverc Qfbiasrespagsaro eQJHIY %‘F‘Bﬁssg%ﬂc?\dcrt%%n sf‘g%la row and

gé%v%%&%%ﬁfgﬁgﬁﬁ“@$§ﬁ§%é@%%g%%dgﬁégégﬁg?géqgglmeen t he

floating diffusion node 22 and the capacitor 212 and

is ol | exthebgMDSId get dBviee S08Ms gpdrateddyt thelcoatrghaircuit
ol P 217 i

e capacitor i s connected between the dual.
c 360ewhidncapitols addrassidsteders 280, 270 for selecting 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 rcccivir.lglpho_to-input' and generating a charge. Th{cﬂls_ignal
Covis outpﬁf to 2 read-out gifcuit and t-'hcn-; t é;n"-;'malo'g-to'-di'g’;t\élh .'cc'mv.crs'_lion device.
| .Thcn' tﬁc signal is transferred to animagé préccséor, 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 systcrﬁ 300. The imager device 308 niay 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 -



c

.and the: supply-voltage Vcc. In operation, the dual
onversion gain transistor 210 and capacitor 212 are

wg@@@h/ﬁ@y@vm tch the conversion gain of the fl OQE‘JFRQZOO-I/OIS-!%

d
S
Cc

i ffusion node 22 froma first or high conversion gain
tate (i.e., DCGis generated such that the dua
onversion gain transistor 210 is off and capacitor

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

c

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

tdaateri kystaingscanmewse meichime gadion systomss, ytlocleXiayigasioorsystems,
and capacitor 212 connected to the floatin diffklsi on

Hode 5P Orﬁﬁpssunfcﬁlgnag g}{stc%s WO I5 143 ﬂm tar tracker systems,
F’&Eﬁ%%%@é‘@%%g s GRILE A 08h Bydr LD SR G510 AN
capaci tor rovi convers on daln capability

t

o the CCD i mager 200 V\,hl ch yields high dynam c range

an@oex4k! | esstdn®@ 80D igtltd@er Eimbpaessidiobil (EPE) AR that

| lTustrates a bl ock diagramfor a CMOS | mager device

3e8nmvgidaty vetpraritusaleviags Q9B 2 iscidorarna @f pascdedecso,

1

rSNREFEs

10 constrg&ﬁﬁ 36§&g§w %nagﬁngggggggggyeg o gggmsyﬂmn

nu%glrm; uvery Laemain% A ihRgash bk @ /Qj)e&e,i&rgo@%gd imager

col'ums d rows.” The piXxel's of each rowin

addevige 2285 Orheraddvides conmaredt wnthatbutsEd4ganoridei memloyy,a

r

Y
t

ow select |ine and the pixels of ea col u re.
selusterfivedy &ﬂcb%ﬁjtﬂkﬁﬁ‘ rggydogm eacmcmmwgio Tard drive 312, and

¥ B s Derip L BBinob U ohiF B E88pRY Bk d8fle it pn

a@émw&ecﬁslb(scbmnwmdr THE imedér ddvideeSUBORS: bQ:Ctoliﬁthd with a
address decoder 230 and the colum select l[ines are

spteeessovedughas o IGRIY edigivyl sigreal poasicsson, el iniappBOssOR, in a smglc

r

o

esponse, t.o c¢colym, address d der .270 aro
L RRCERBH i BsTEeT (e 08T eaCr 1 iaeh

pe%ré‘éﬁguﬁgg Pad ac-EB?deﬁygéthTﬁﬂ'eéf cHE Vit a@&:ﬁcrh%odmllcnts

e contr ircurt 250, ich contro

address decoders 230, 270 for selecting the
ap F[K)OSS] ] at e Tihawy thapdeseat invantiompeovides imagets wiea bubigh
and row and col unm drjver ci rcwt 240, g§160 whi ch

a FPIRErEPN\ERyAnfbIcRaFELY fQagherexe Hent foskds

S

£ grgogpandrend (2)
Elg%c%u?ld wel? capac&ly and conversion gain to achieve high dynamic range —

something that is not achievable with current image technology.

| ~[0056]. It‘shoiﬂd be appreciated that the dual c_on_vc_,rﬁon_ gain principles of

*the invention could be iﬁcorpofatcdhuo -rﬁéhydﬁfcrcnt Lrnagcr devices (CCD or

CMOS) and imager configurations '(c.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 muldple 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



colum lines. Typically, the signal flowin the imger
devi ce 308 woul d begin at the array 225 upon its

photo-input and generating a charge )
WE)%@J“I%Q?S output to a read-out circuit and tﬂ%ﬂn%"ﬁ?f%

anal og-to-digital conversion device. Then the signal
is transferred to an i nage processor, a serializer and
then the is output fromthe inager device. [0053]
FIG 13 shows system 300, a typical processor based

, thadichh &d dppli¢atiohs ddreaNondEBRYs tdﬁwapﬁclﬁfi)%m Ben
FIG 12 and an i nput device to the system 300.

i ghogen saithak d@crs G8chrage dagiogrdarioig 18 papplingr A@tﬁh §H52 is
dat a s _of cessor
auied 8 bR SR o e f P e ST RHBGT R AT

ulth.l%ulégeturr\ﬂc; HRuhd bil AbHE Ar@Resel OMBIL QImidd RS SHBSshated
WO 2004/ 376 PCT/US2004/018425 canera systenms,
sctaRgeds] prepalts ke wives onteystermdouefianice Hav isgat dxample of
systens, _video tel ephones, surveilla syst ,, auto .
f%@aga@ym thag hgs henshiedn asspsiRbag wﬂhﬁlq %ng gflélaqn&?fsm
's%%%errs mage stabilization systens, and ot hers.

@%t em 300 includes a central processing unit

(CPU) 302 that communi cates with various devices over

0852P4. BREBrétesseh endlevtieRHeséritrdetiond ilgutabeplttared
304 provi de cormuni cation into and out of theo(dilstem

30@rhadslandtrypicalwsvices nfmany Heptgauidiprusesiagstiproduce). The

e SR e Sl SRS K e
3!1%,%&% gﬂu\é&' ¥ndl QHL&HA%&Q oft tﬁéﬁggmtmmwvémm not

drive 312 one or nore peripheral
nigeidedoBut mzemﬂn im@ndof beppyctlyilikitelt ko ehe3dbbvardescribed and

conpact disk (CD) drjive 316. The i mager devic
pbilluseasH serpasimgnEs. 45%@@@@6?“%&81%“ &l preseptly “afcgﬁcgfﬁ%% of

naI Orocessor, . or r € followi
g A RRR ! RS ARBHRE 38 ab sEoR B follovipe
i Hﬁgﬂsk@ﬁlmmlﬁaﬁ& aftOTThé Pedsert inPedisior dance W th
any of the illustrat eg enbodi ments. [0055] Thus, the
present invention provides imagers with (1) hi gh
[0058] What is claimed as new and desired to be protected by Letters

Patent of the United States is:
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conversion gain and sensitivity to achi eve excell ent
| ow |ight performance and (2) high full well capacity
and conversion gain to achi eve high dynam c range -
sonmething that is not achievable with current inage
technol ogy. [0056]. It should be appreciated that UWR¥D WISE
dual conversion gain principles of the invention
coul d be incorporated into nany different imger
devices (CCD or CMOXS) and i mager configurations
(e.g., two transistor (2T), 3T, 4T, etc.). The
principles of the inventigp be utilized with any
capacitor-transi stor series structure. It should al so
be appreciated that the invention is not limted
sol elyy t,Q, . % lop gain principles. That is, a
fIoa€¥néeﬂpggﬁg#%ﬁghggihggﬁgd bep conngcted to
mul ti pl e dual conversion gain transistors and
assoGifRfaffly 8FRARINIESION, dofndtt@MoFEcciVesstére@@hdrBd from a
di ffusion node with nore than two conversion gains if
photesensitieeidevigedandhi | e t he i nvention has been descri bed
with reference to one exenplary timng diagram (FlG

3) it is possible to . yse other timngs. For 18 WO | . )
2004AFIIRY gomesiedi Bid Hoatned fusion FRAQN. Sgid gfrguit prpvisking said

ﬂoatfﬁ% RS20 &gﬁn\’\’t"i@rﬁﬁ 104X F a ﬁh%l@ﬁﬁvérﬁﬁn %Qiﬂ%@\}i{cﬂz{blg’geth%%# first and
Cc at t a

osen so ere is charge s Ing during S
secorshermiversipn gairtsesai GeiBii @mmsimy echpatitiee tlemeast axd aghtabgonversion
._dual, .conversjion. gai.n and reset trapsistors ar.e
gain SV GRS HEREES e Birlcantsisian 4 ifiBpeel et Peigie contygjjed to
discodhbdisgidicapacitie S&AER Front ad 98atB i FLAYE Rglorl Ah itlss Y4 floating
in the next readout franme. This 1s an exanpl e of

diffugipn eeghen hasdhe first agnviersdon gais duengd firss lightingseopnditioniand connect
. . .qal C C .
s Y0 S HOYEl Pl ERRNERSLIN e AR LTSN gk PR3 son
regioprodtadis thel sedond bowlerdot gdiy dudag a vhd Eghtirig somditionhat
could be used and produced. The above description and
drawi ngs il lustrate enbodi nents, which achieve the
obj et s The émagar dsyicaipficlailv hmiharpirs sapd cir¢iat igicenteolted to change the
i nvention.

first {RSEBIAP IR 0T SrvoB CepieTet i ) POEEPes BRgecond conversion gain
to theHRY Corderes gasl and

3. The imager device of claim 2, wherein said floating 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.

4. The imager device of claim 3, wherein the photosensitive device has a
capacitance greater than the first capacitance and less than the combination of the first and

second capacitances.

5. The imager device of claim 3, wherein said dual conversion gain switching
element is a transistor having a gate connected to receive a dual conversion gain control

signal.
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illustrated enbodi nents. Any nodi ficati on, though
presently unforeseeable, of the present invention LLOYD WiSE
that comes within the spirit and scope of the )
following clains should be considered part of the
present invention. [0058] Wat is clainmed as new and
-~ desi r@ds.j{.hg.be rotected by Letters Patent of the
Unite EegyrLdevicy of ¢lenis \WisEein SLAINS chnvelsion B8 SWvitching
elentb@Vis @RranSiMIP Ah B LPe ifiloat, diffusion region, .
connected to recei ?/aé’_% gtlor(g%ﬂng%égﬁgar}a%?ﬁ S&?“fgansmor 1s connected
betwsrp tad Spating digfusiew ragion s d fastabmtiniltof ¢ORBARELRS, L asggcgnd'

termlina® 8t daftc AL S region, said circuit providing sai
T oat iangcaglb%IFﬁE% g‘”n‘“?@%ﬁ‘ B W’l?lﬁ Vtha‘geeast a dual
conversion gain swtchable between first and second
conver siThe igasddevis@blifihd £ Yiterd; i,si:ng_a capacitive .
elerShenent and ggdual conversion réélg:ggr}?ﬁ gg\ﬁhtcgweﬁsdo $RPraiching
AR a&gf%l;ewga& @Ragyayerelemint ctv capa«_a'to@,rmm tlrda@i‘sfa? is connected
betweNdaiPhb £ ot aid capacitiye element from
said float #rﬁfﬁ‘ﬁ?‘fﬁgﬁgﬁﬁ? %é’ﬁr%ﬂergw%fof capaFiEpr{angd gt seeand
termjiaf ¢fisgidmapaciigr oreohasctddne afordigid poRAKE Si on gai n duri ng
a first lighting condition and connect said
. capa%i ti ge. el ement. to said floating diffusion region
such °t hat'® ¥B386" fle\ieq ofirdpinti 3 mihstetmsaid il oonve¥iddi ga$n $Wiething
elem8RGOH PN s AR AW second |ighting
condition. 2, The | _ngﬁrélégég%g’ L8 2 EBagir s Sapreiter i connected
betweery sgidcfloagins diffusiapomgino khdalfitso sahang@inttbenindlior tid transistor, and

faly i in to.the second conversion gain and to
o ange than Ja R L SHTBFENH 1y Somecied o muibpbistiage.
conversion gain. 3. The inmager device of claim 2,

wher @i Thé ahabef HOAtd nfaf Usl ron has a first .

oS apaci t ance@aesso,ci a(?ge%ge]vi i ﬁ%% ]I%[e}1 {alﬁgcglfa?%%’\ei@f@i%ﬁ? Yfching

clemEtiTR AT g said canasiitve Rlgment is seepmitor; sfid chpaeNeSs caifcted

betwé@nG ' & | Ist-and second capacitances is -

o et i Rlon o WL oL uBERERE ABBRRof 0 veisor, and

a secqnfesgarceldeain temisfal of sidnrhsisw 69 @nfedtbtBroRNebAREREILY €
devi ce has a :

10.  The imager device of claim 1, wherein said circuit is controlled based on an

amount of stored charge detected in said device.

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

complementary metal oxide semiconductor imager.

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

coupled device imager.

13. The imager device of claim 1, wherein said circuit is connected to a supply

voltage of an imager pixel array.

14, The imager device of claim 1, wherein said circuit is connected to a ground

potential.
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capaci tance greater than the first capacitance and
| ess than the combination of the first and second LLOYDWISE
capaci tances. 5. The inmager device of claim3, wherein
sai d dual conversion gain switching elenent is a
transi stor having a gate connected to receive a dual
conversion gain control signal. 20 ,LLOYD WSE 6.
The i mager device of claim3, wherein said dual
convelssi Gine gahgerslevice b elgine! amndin kaid dirkhipPRN RIS Sai@Afating
dif Sél‘%'ndr cla’?actlh_t ive el enent is a capaci tor, sal d
TySIon Tegigp yith; raor shandwo cqnvassiongeiRs.sai d 11 oat i ng
di ffusion region and a first termnal of said
capacjgt ofyy termnal of said capacitor is .
con nglg f erclr he %Hggezg %@?é;ge%?l[hafgerﬂl rrt]}fr CHHBIISRY FuRPIg a4 held gfreuitry
for sainpling 31d hoding a mefernct: alupit a6 0 Mdisé pikeD@jrhl SWph& T said
ﬂoatﬁlgecﬁ%ﬁ‘gio'rs %nt ransistor and said capacitive efenent Is
accapacit6f°said transistor is connected between
said floating diffusion region and a first term nal of
sai d j1gapacd . e . .term nal of said’
capacli@i o%QFIEA@{SJﬁﬁ%%@g% goqjybs}n&]nd potential. 8. The
i mager device of claim3, wherein said dual conversion
gai n aphblosdiisbfor at@MRMtineSted éHaR, Stor and sai d
capacitive elenent is a capacitor, said capacitor is
connected between said floating diffusion region and
a fi egliffesior rogiodr ainnedted i raadivethe siedrge fromNAé phbsensdtdsaid
. c source/drain termnal ,of sald transistor is
d1ﬁ%8§§e§§§ngh&v{n§ aaﬁg'gf)‘)&v?rs{?&lglaﬁ‘gé‘.’d 9. The i mager device of
claim 3, wherein said dual conversion gain swtching
el emgRbnvessi : ' . [ apaci.ijve elenment. is
a capaci tegsrl. @n é%?gﬁ%rgg%ﬁctﬁg?o@%%gﬁ%%ﬁ ggﬁsiﬁ’éltr%@ﬁ said; ¢
conversign igamcpligiing cis¢uwitrbeirepiontrobeittoahfingethe HSRYEGREEGH ghin to the

secord&om && : i rapnsistor.. and .a secon _ .
e_co sour cée}iélglrlglg{ﬁ1 aggrt %C%agfge Seing PREFTEPLEYR 19 BredBpirerY@eion gain,

said qonversign gainciltprin@ cirdudd conibising R&apdBROR! cldBMt 68d QHuS! BhiBrsion
ain 1.. wherein said circuit is controlled based on an

ga Sa%cgmg TGP h BTy ETsing gt wdtohingssi¢rderd dvingeontidlled to

discoﬁghsit %dg@?é;ifagiﬁ%’ blefhel frGh @liimd}ffusmerregfornl soch fhat SHditfusion region

has the first conversion gain during a first lighting condition and connect said capacitive

element to said diffusion region such that said diffusion region obtains the second conversion

gain during a second lighting condition.

18. The CMOS imager pixel of claim 17, wherein said photosensor has a first
capacitance and said diffusion region has a second capacitance that is less than the first

capacitance.

'19.  The CMOS imager pixel of claim 17, wherein said photosensor is a

photodiode.

20. The CMOS imager pixel of claim 17, wherein said photosensor is a

photodiode connected to a capacitor.
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conpl ementary netal oxide sem conductor imager. 12.
The i mager device of claim1, wherein-said inmger
device is a charge coupled device imager. 13. The
i mager device of claiml, wherein said circuit is
connected to a supply voltage of an inager pixel
array. 14. The imager device of claim1, wherein said
circuit is connected to a ground potential. 21 LLOYD
W SE21.15ThefEMQ Srirgager gixel ckclaiin t1,avherdin suidgheioseriol # a

hotdelfeCUi t provides said floating diffusion region with

P ‘%%ré than two conversion gains. 16. The inmager device
of claim1, further conprising sanple-an? hol d Cout
circoptr ' .ref.erence out put
o1 o3 e EMMOS ARt BkePOEb A 1 W Ah SLATRORE UL R

photagprgugtsiron region. 17. A CMOS i mager pixel, conprising:
a phot osensor for accumul ating stored charge; a
di ffysion region, connected to receive the charge from
t he ﬁotﬂ?e@ﬂg"é}s, InaeeE pixgl offelaimon 7 whgrom sasddiffgsian fégict has a

- j LA ws Lon.gain alterin

firt CRRRIG A Socad e uifte Boof QMRHTOrEPiR il P ciiec gment has o

second sapasitgnasnamyba corabinetiomor the figstiahd bedoRd cmidtthmict @hst®iated with
change the first conversion gain to the" second

the Se&%@‘%"&féwnﬁﬁh and to change the second conversion

gain to the first conversion gain, said conversion
acitive el enent

ai Al ter ircuit .co I Si ng-.a cap.
and Sradsf @g{ﬁ)\%e‘pr%ﬁgSrnplxaf;&rf@w ! Z’hwmglélséﬁeﬂho}osg%ﬁoahas a
capaciiende grexeraliai 1o {ige capsoiah&d uridd e R/ tRAFEME ,cQﬁl'bﬂfltion of the first and
ontrolled to disconnect said capacitive elenent from
's“mngéﬂﬁw&WFF&sion regi on such that said diffusion region
has the first conversion gain during a first |ighting

i | annect sai d capacitive  elenent to said
conchtt o endsomncel an d sgparti e ol amnt fo sale
switclihg alefient i@ tR@CIORE haGIRY AlodleAdnna¥dtoFEEdia Buad €6 kion gain

l.i ghting condition.
control 51ggnal.. g

LLOYD wisE

26. The CMOS imager pixel of claim 17, wherein said dual conversion gain
switching 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 supply voltage.

27. The CMOS imager pixel of claim 17, wherein said dual conversion gain
switching 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.

28. The CMOS imager pixel of claim 17, wherein said dual conversion gain
.switching 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 s¢cohd source/drain terminal of said transistor is connected to a supply
voltage.
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18. The CMOS imager pixel of claim17, wherein said
phot osensor has a first capacitance and said
~diffusion region has a second capacitance that is | d49YDWISE
than the first capacitance. 19. The CMOS i mager pi xel
of claim 17, wherein said photosensor is a
phot odi ode. 20. The CMOS i mager pixel of claim17,
wherein sai d photosensor is a photodi ode connected to
a cala‘aci The CN\;\L%S lirh @D pWedBEf ;lﬁiln I e/hawssaidm%e cofVe¥ebn gain
. chalm. 17 erein sai Qt.osensor is a photogate. =
switcipe cieth (AR 404 saih CaEPCIEY%?lﬁﬁnfvt, is g¢@PAsitAT, Said ¢apacitor is

connghiat BsRBaDId SoindMEhS6Q MG Md 2 At s&l?@e/%efgﬁﬁﬁ%lﬁ&fgaid

i xel of claim17, wherein said diffusion regio
tfanSqurs%nd@aSﬁa%m WiEee/ drgimgenmzinach fishidrankistor iy snneaed/ ersgrotnd
poter@dl. N, sai d capacitive elenment has a second '

capaci tance, and a conbination of the first and second
capaci tances is associated with the second conversion

. gai n30.24Thel ORIV d i f ' rein . .
sai d phot osensor hags&'g%{:%ﬂggéﬁ ;iﬁc“é}%ég?f%ﬁrs% #&?eﬁshoél gan 1s
used gluring lowayeht conditensand thessont eonvehsorcgaibisnaked dorisg biifle light
conditiohst and .. second capaci tances. 25. The CMOS i mager
pi' xel of claim17, wherein said dual conversion gain
swtching elenent is a transistor having a gate

connggt B 2] . : IS ai,n _control. i
aranal MO bR Bk B el L Pl {59808 Bain altering
circuitfiretonnecterhioch sipaly watage pSaroimaget pixebadychi ng el ement

is atransistor and said capacitive elenent is a

capacitor, said transistor is connected between said

f 1 0ad3-nglltn ¥MET brages gixshofaleimal 7,iwhetein exidicombersién gaihditering
Circuﬁ?s%ﬁhé&édi toaan%oﬁnd E&gg@aﬁi term nal of said capacitor is
to a sup

connecte y Vol t age.

33. The CMOS imager pixel of claim 17, further comprising sample and hold
circuitry for sampling and holding a reference output and multiple pixel signal outputs from

said diffusion region.
34. A CMOS imager pixel, comprising:
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 ﬂqating diffusion region connected to receive the charge from said photosensor

through said second transistor, said floating diffusion region having a first conversion gain;

- "a capacitive element; and
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27. The CMOS i mager pi xel of clafn117, wherein said
dual conversion gain switching elenment is a
transistor and said. capacitive elenment is a LLOYD WISE
capacitor, said transistor is .connected between said
floating diffusion region and a first termnal of said
_capacitor, and a se¢ond termnal of - -said capacitor is
connected to a ground potential. 28. The CMOS i nager
pi xel adhirg fransistdrrcoupled beiwees said fidudhg GOMYISh $éhoh SR Bid
capadkil,€ b IS a transistor and said capacitive
ai%lﬂel ment. Hllggt? gaqggrg{adcﬁra{n&s?org EVR: Ce%tﬁ‘alﬁdtt% fopngct ¢apectitive element to
saipdoaumgrlifesich fepgvatdunigg diffiétumhaRe &R LESE
reeR U ﬁf/l dr ?éa'n terninal of s,alifglglnl1 tr ans%%??ﬂ%ﬁ%élgﬁoatmg diffusion
gy é’cg 55?6 &y %?F%?qwcqné?ﬁ%egalfbﬁalé dhidl tramissirbeing dostrolled to
.. CMOS i_m@ge}? " _|loi xel of cf:rlogll Jrﬁoii‘@?au\f\’,ﬁéﬁg?sﬁ’nsrgig’&n Hpg a second
-lightigg panditiom gain switching element is a transistor and
'said capacitive elenment i's a capacitor, said capacitor
is copnegcte etween said floating diffusion region
and a??,i f@qe g@%’é‘%ﬁh})lﬁelﬂﬁwiﬁlma}%, whersin sdid dapacidgiSelement is
ﬁmﬁﬂdmamggﬁgpgq?gpﬁgﬁlgrain term nal of said transi.stor
is connected 0 a ggound potential. 30. The CMOS
i mger pixel of claim17, wherein the first conversion
gain 36 TRaCMOS intger sivellof 8latm 8@NGhd ENS; 3nd. &:he .
frSecng %onversign gain i s used durinélgggﬁﬁgg?ééhﬁeknwntm
BRAYR'FOIPR ereynd pofent@los | mager pi xel of claim 17,

wherein said conversion gain altering circuit is

connegt e uppl y vol.t age. of an |mager pixe
arr ay".ﬁ' Bgrhte%l\goél\}%g%ﬁ%“é P?glﬂf’é f’4d{1mb¢réi0mpll$l,ngmher ei n

said conversion gain altering circuit is connected to

a_gr aigedomPdpatitial elex%@nt;ﬂihe CMOS i mager p! xel . of claim
17, further conprising sanple and hold <circuitry for
sanpling and holding a reference output and multiple

pi xela folrh a‘ansi)m_)rpuf.lpleﬂ betwees g4id .f@hﬁxflg»'&ifﬁg‘ioﬁ e8iMand34id second
capd&tl%vg%n{egegaelﬁ fglllrﬁqetrains?s?or Eilnzlcggt'rol
element to said floating diffusion region such that said floating diffusion region obtains at

least a third conversion gain.

led to connect said second capacitive

38. A CMOS imager pixel, comprising:
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 floating diffusion region connected to receive the charge from said photosensor

through second transistor, said floating diffusion region having a first conversion gain;

a third transistor; and
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a photosensor for accumul ating stored charge; a first

transi stor being controlled to reset said pixel; a LLOYD wise
second transistor being controlled to transfer the

stored charge fromthe photosensor; a floating

di ffusion region connected to receive the charge from
~sai d photosensor through said second transistor, said
floating. diffusion region. having a first conversion

gai na capactapadiment eoepledrbetivecn bald fusidaepbh 8&d s@d third

third.transistor coupled hetween said floating
“a“SHFOfr’f iﬁ‘éﬂt tilﬁr‘]?’é’ﬁ?lé‘i’?r bieial §%‘i‘t6°q gacPRiegEsaid eapegitive slement to said
floatinpdfBhstdrARSioh (dFinp &l b RALde diffusi
o R -
reglof @ptay 4 lqapt assecpndybnnivaryianogedi tsaiithzd ahndistat beag Sontrolled to

: I i Skon . r.egi on,qbtain t. l east a second
discoph T I alel U 550 P PrEhReften Baonyduring 4 second
lighticgnonditibred t o di sconnect said capacitive el ement from

said floating diffusion region during a second
lighting condition. 35. The CMOS i nmager pixel of claim

34, wher BhenCMSlinageapixe] vfcleineB&ntherein sdid thiREtransistor is further

0 supply voltage. 36. The CMOS i nager pixe
“mp%gﬁg%gﬁ%ﬁ%ﬁéﬂﬁﬁerein said capacitive elenment is

further coupled to a ground potential. 37. The CMOS

i mag i ' th onprising. . a . .
sooony oISCEMRS EhaELR of HTSY, BTRE b Mirkirdisior is further
coupled trpd gobubé puteatialsai d fl oating di ffusion region and

sai d second capacitive elenent, said fourth

transi stor being controlled to connect said second

capat!-t i The CMQfvirager pixebofitldinog, ifathed cofipsisiag: r egi on

such that said floating diffusion region obtains at

Ieastfa hird conversion gain. 38. A CMOS inager

pi xet WG HASSIoRAda phot osensor for accumul ati ng

stored charge;

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

element to said floating diffusion region such that said floating diffusion region obtains at -

least a third conversion gain.-
42. A CMOS imager pixel, comprising:

a photosensor for accumulating stored charge, said photosensor having a first’

charge storing capacity;
a first transistor being controlled to reset said pixel;

_ .'a_'diffusion region connected to receive the charge from said photosensor, said
- ‘diffusion r_egion having a second charge storing capacity different.from the first charge
storing capacity, said diffusion region having a first conversion gain based on the second

charge storing capacity;

a capacitive element; and
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a first transistor being controlled to reset said

pi xel ; a second transistor being controlled to LLOYD wisg

transfer the stored charge fromthe photosensor; a

floating diffusion region connected to receive the

charge from sai d phot osensor through second

transistor, said floating diffusion region having a-

first conversion gain; a third transistor; and 25

L LOYDsebriebtramistaRaapled vewetesed tifigishlreglob eideancatitive

di ffusion region and said third transjstor, ;said third
clemenf, spidisseagd tEBFiRGT Bene FentTodlad {o.camasaid Céﬁ‘l‘%‘“@aﬁﬂ%w itq gaid

dlffus?%xflg?l%fni ; had Qid él &bh Reidl (ﬂftéiﬁé théfélﬁ%l%%% sf&‘fn%%gpa@lty and a

t|ng con tlon suc
secondicbfivessiamgain bgsedrondbd: thiindsharige lswaisg capasgg.ond conver si on
gain, said third transistor being controlled to
di sconnect sai d capacitive elenent fromsaid floating

di f f4si dhe@YOsrimagss rivel of sbip A thraﬁtsmgvawetqleﬁent is
ﬁmﬂ“§%mqg t&nggi NR@GEe Pi xel of claim 38, wherein said
PRl e

third tra ‘further coupled to a supply

vol tage. 40. The CI\/DS i mger pixel of claim 38,

wher #4.n EriCMOS ifgér girdio$ tlatm 43, whtréihehid capatiieckldriera is
ground, potential. 41. The CMOS i mager pixel of claim

furthesgoupled forfegroushpite®ishg:  a fourth transistor: and a
second capacitive elenent coupled bet ween sai d

fl oafd ngdi ffUsi.on re fourth .transistor,
o dF o PHCER BPet GRkIr Bt 47 it BbEstbnnect
sai d second capacitive eI enent to said floating

di ffysd.end Ea%gblgqeggﬁ}gng had said floating diffusion
regi on obtains at 'east athird conversion gain. 42. A

CMCS i mager pixel, conprising: a photosensor for
ac c umlinattfangism edslq;lied:llsmwgm saladiffugibo tegiansdrsaidasetorg apacitive

st.orl ng capagcity; . .
element sald thlré1 ax?smtor being &)ntroﬁed: to (.)(/)nnect said second capacitive element to

said diffusion region such that said diffusion region obtains at least a third conversion gain.
46. A CMOS imager pixel, comprising:

a photosensor for accumulating stored charge, said photosensor having a first

charge storing capacity;
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 second charge storing capacity different from the first charge
-' ‘storing capacity, said diffusion region having a first conversi_en gain based on the second

" charge storing capacity;
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
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a first transistor being controlled to reset said

pi xel ; a diffusion region connected to receive the

charge from sai d phot osensor, said 'diffusion region

havi ng a second-charge storing capacity differentlOYDOSE

the first charge storing capacity, said diffusion

region having a first conversion gain based on the

second charge storing capacity; a capacitive el enent;
diffugionlregforl suclf BhaV B diffuskicreBidn bt s5thRl cEAEP Et%ﬁng ChMRAY and a

sai d di ffusion region and said capacitive el ement,
seconglgogversion gain based o therthipd chagec dotimpédpacitt. o connect

said capacitive elenent to said diffusion region such

t hat ,said dj lon region ohtains a third charge =

storﬁig g@%@&&? "%%Hraleﬁ@&@ﬁﬂbﬁ%ﬁ@@ﬁ%@ﬁﬂdg%pndga@%aorw
furthétohpled tda Sbpl)1abigeSt or i ng capacity. 43. The CMOS

i mager pixel of claim42, wherein said capacitive

elenent is further coupled to a supply voltage. 44.
The @/OSTha@NEDS maget pixkl of ddim 452 whekeek &iid sé&dhd transistor is

capacitive elenent i.s further coupled to a ground
EMhﬁﬁPgﬁFég}?gﬁypggﬂ@nﬁﬂcg i mager pi xel of claim42

further conprising: a second capacitive elenent; and

a thjgd st or coupl et ai d diffusion

r egi %1)?1 aﬁ‘gﬁa‘gg’@ lsnéacggﬁH&Sg%ﬁgqlﬁ%ﬂng?re%ﬂrfﬁ%i d third

transi stor being controlled to connect said second

capag ifitdeaRlsRFefllg to said diffusion region such that
said diffusion region obtains at least a third

conversion gain. 46. A CMOS imager pixel, conprising:

a photaesadssacitive ekatenibbilddBerse Al GRRALIOR regidh shd said third
phot osensor having a first charge storing capacity; a

transigtof, spid;thisdh ypagiger hringepnsioted t9 oageqt saidsseandsaparifhveaément to
. i- ' ' . . i he.charge . .
s G O AUt oSS Rl R gonon
second charge storing capacity different fromthe

firs$0.chRICED imager comprising:
a register for inputting and outputting photo-generated charge;

a diffusion region, connected to receive the photo-generated charge from said

register, 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,
said conversion gain altering circuit comprising a capacitive element and a dual conversion
gain switching element, said dual conversion gain switching element being controlled to
disconnect said capacitive element from said diffusion region such that said diffusion region
has the first conversion gain during a first lighting condition and connect said capacitive

element to said diffusion region such that said diffusion region obtains the second conversion

gain during a second lighting condition.
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storing capacity, said diffusion region having a first
conversion gain based on.the second charge storing
capacity; a second transistor; and a capacitive |joyp ISE
el ement coupl ed between said diffusion region and saldN
second transistor, said second transistor being
controlled to connect said capacitive elenent to said
27 LLOYD WSE diffusion region such that said
di f f 85 OTh¢ B@genoNdlhiai HG, vehekdin fik tﬁjétad’(ﬂeel‘éioﬂ?aﬁgis used during low
.. capacity and a second conversion gain based on the
light eopiditionsiaad dhe seeond ¢rpvemipadainyis uaed during toyghtlightegaditions.

pi xel of claim 46, wherein said second transistor is

further upled to .a sypply voltag 48. The

| mgdr: of Roimager efeitar S8R Gk sitmas a frst
capadifaffiSdsSéited Withfthe fiketobRisdreshit, Qar @paiit NehektHagh second

49. The CMOS inmmger pixel of claimd46 further

capagignes: iaBqd agombination phithe fiastend senond geppciianses isragsociated with the

CRRA It | ement coupl ed between said diffusion
Secoregl g%ljsfg}é%aglai d third transistor, said third

transi stor being controlled to connect said second

capagsti YRe ShARESt clhith SBalHErdh Bfrégﬁéteﬂwaﬁggl @&ir%%aaéiaﬂ&e is
said diffusion region obtains at Teast a thir
greatergheetheifnst cgpaaitancesmd lgssTem therggmbingtiorpef the figst and second
mia&%§h§ter for inputting and outputting photo-generated
pad ?ﬁe; a diffusion region, connected to receive the
phot o-generated charge fromsaid register, said

di f f ygi ofnd RPN S00whiERlsaOIMEESHVRRi B A sWithife

conversion gain altering circuit connected to said
elemelitfi§ aisamstordgiving, a gaé¢ connected tr seeine gdiial cahversiongain control
. ircuit being controlled to change the first
Slgnagonversi on gain to the second conversion gain and to
change the second conversion gain to the first

CONVEESi Pf gﬁdg@r of &inf! 569\5&“&'&@ SQEII &)ﬁ.\/&si%h:%gfni eﬂ%ring circuit is
clrculrt conprising a capacitive elenent a a Qaua
controlied/ieased oman g@bnntofistordd ¢igrgel deteerdd, in said dedigel

conversion gain switching el enent being controlled to

56. The imager of claim 50, wherein said dual conversion gain switching
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 supply voltage.

57. The imager of claim 50, wherein said dual conversion gain switching
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.

58. The imager of claim 50, wherein said dual conversion gain switching
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.
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di sconnect said capacitive elenment fromsaid diffusion
regi on such that said diffusion region has the first
conversion gain during a first lighting condition and
connect said capacitive elenent to said diffusilooypwise
regi on such that said diffusion region obtains the
second conversion gain during a second lighting
condition. 28 LLOYD WSE 51. The imager of claim S50,
wher 80N Theindgesbt QLY %O%H&eﬂashﬂ dudl SHRersEUH 4 %a‘i‘rg switdiing
l'ight conditions and the second conversion ga

elemenys éga aensistey andisgidtcapacitive demelittis a)mpacmﬁQsald' h@alcmage Iconnected

: ff fi
ey DR 0SB S L PR TR P o, s

a secGn‘;ii sﬂ)u&&ph@mttemﬁnﬂo@‘@ﬁﬂ&raﬁﬂﬁtoﬂm%@ﬁﬁ%ﬁ%d t6 ARG UHdIMhtiaf N
a combi nation of the first and second capacitances is

associated with the second conversion gain. 53. The
i mag6®. ofheimeiger 6Xlainh#0, eiheren sad cstet ischanageedsd arsupgly
apacitance is greater than the first capacitance and
%@ss than the conbination of the first and second
capacitances. 54. The imager of claim 50, wherein said
dual gfo S| i
tr anSl ot e sl SR AnEdt, B i ELRIRTS shindid o g gapund
potentislaver si on gain control signal. 55. The inmager of
cl ai m 50, wherein said conversion gain altering
circuit is controlled based on an anmobunt of stored
char @ dEteiamager ofrlajm Y, adpreiwsaid sircuitrovidagenid diffusion region
d dual conversion gain swtching
thﬁ+ th &ﬂﬁ%&gﬁg%, Sr and said capacitive elenent is
a capacitor, said transistor is connected between
sai dgf | ok hﬁ&e@ils;,g‘téiﬁl&%ﬂrgg{ n and a first term nal of
sai d capacitor, a secon term nal of said
capacitor is connected to a supply voltage. 57. The
I magaprooéssot;andn 50, wherein said dual conversion gain
switching elenent is a transistor and said capacitive
element is a capacitor, said transistor is connected
bet mﬁbxmwgdqusaqlwrgcaﬂwfcpu@ﬁdm sahpropesaordsaid imaging device

comph?ﬁlg]aq)"f')lel gfraf‘ 3 geagt%%% %'&e? Of sdf grrérﬂy goerﬁ:prpscljng

voltage

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,
said conversion gain altering circuit comprising a capacitive element and a dual conversion
gain switching element, said dual conversion gain switching element being controlled to
disconnect said capacitive element from said diffusion region such that said diffusion region

has the first conversion gain during a first lighting condition and connect said capacitive
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termnal of said capacitor is connected to a ground
potential. 58. The imager of claimb50, wherein said
dual conversion gain switching elenment is a - LLOYDWISE
transi stor and said capacitive elenment is a capacitor,
said capacitor is connected between said- floating
- diffusion region and a first source/drain termnal of
ek. @ trapsi stor, and a second source/drain termnal -
i &} SBign speh @Bﬁ’ﬁ%&@gﬁﬂ?@w&m@lﬂb@llﬁ thobdcagkconversion
gaanBmhg.@\é&oWi ﬁghm%gcona_ﬂﬁ%n' mager of claimb50, wherein
sai d dual conversion gain switching elenent is a
transi stor and said capacitive element is a capacitor,
sai d @apdbe syten of deimé; véetreib efidvpiRRoaiod hhd Ofksk E‘ﬂ)acnance and

on and a fijrst saource/drain term nal
said Berds G Bllof B PRbo S P o OS5 i cln cepaatpmr

of said transistor is connected to a ground potential .

60. Tése MRBSREen?br Qhidd 69, erém%%hﬁbt%%l A Gl Uit(%ifi(i)d%.

connected to a supply Voltage
claimb50, wherein said circuit is connected to a

gr ou 1. [Tbt eystanabf cléith 63 heteimgd Pletos@h@'r 13 éﬁlotme%'oﬂnected
toa%%hgtCIrCUIt prOV|des said diffusion region wth nor

Two conversion gains. 63. An inmager system
conprising: a processor; and an inagi ng device

el ectg7l cahé Yysew Bf @&int 63, %Eﬂeupga?cf:ﬁ%? nso§%as| agwlé)t%gtg

device conprising a pixel array,
of said array conprising: a photosensor for

accurhdl atfhngysstoobdaiahés, géerein shid Hissdserkor R tHdtoconductor,
connected to receive the charge fromthe photosensor,
sai d dlf usi on region having a first conversion gain,
and £%o %FEPe&h"@g HR &3 heterysaid aroayiis 2 Edf0Reatrad to
said diffusion region, said conversion galn altering

Ci I CUint o change t he
conveerS| gﬁéggfeﬁrp %h’ éadsec&‘? a‘%%r‘%f‘g %}TEW- and to

change the second conversion gain to the first
conversi on gain,

71.  The system of claim 63, 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.

72.  The system of claim 71, wherein said photosensor has a capacitance greater

. thal_n the first capacitance and less than the combination of the first and second capacitances. .
73. The system of claim 63, wherein said capacitive element is a capacitor.

74.  The system of claim 63, wherein said capacitive element is a polysilicon

capacitor.
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said conversion gain altering circuit conprising a

capacitive elenent and a dual conversion gain LLOY
switching el ement, said dual conversion gain swtching D WisE
el ement being controlled to disconnect said

capacitive element fromsaid diffusion region such

that said diffusion region has the first conversion

gain during a first lighting condition and connect

sai d 7éap"§hq syistean G0clinOYD, Whékin widd®ih todversieh ain switching

on such that said diffusion region
elemg’gt‘%y F?ré‘? e@é’g}%’dg %ﬁ%&egﬁea f Erapive adHrlrynyesaasin control
signdl.i ghting condition. 64. The system of claim 63,
wher ei n said photosensor has a first capacitance and
said diffusion region has a second capacitance that is

I ess 76.hahhe fystehn oftlaieaBacwhensiesaiddual I eti&t £Ih @fmtchmg
1 nhGS wher el@‘ﬁ sai d phot osensor is_a photodi ode.
eem%% IS arpansisyarand, sgid c@pagitiyeselemgpids acapasiipr S@ﬁ@aosetnsrsrconnected

betwéen saidiating dFARIGHORPRA LAY a it t@lgﬁﬁﬂ%(f'saﬁ ggacnlog, agg a second

system of cl aim63, "wherein sal ot osen
termip#lif sejdtcapacésr isThenesyst tora subplgflmltageﬁi% wherein said
phot osensor is a photoconductor. 69. The system of
claip 63, wherein said array is a CMOS array. 70. The
syst Zj(n othecivatem ‘Gfsdal% élgeWherg’@I Sdldahahwnvsrsa)r@m awitdyng
el T i d diffus
emekLis LR AR 0 SR Mlern N ELlbaE Y o PR comnected

betwden said fhmnngdé'ﬁxsmngaglnn afdb dirstagadhdliof eai€lcapRtbr, RA8 adecond

¢ 9 acitance, and a conbi nation of the first
errmgfﬁ(? gS?’prE%rp’ﬁé’PP%eﬁ opgraudRatetial with the second
C

onversion gain. 72. The systemof claim 71, wherein
sai dph r apaci .t an eater, than the
fir stg)cg%{a%}% gﬁlcoefhcgn g? ‘gh?ﬂaﬁa@ﬁ@gﬁ%?ﬁm &P PYitehing

element isst transdtos and Bzdd capriiveanBent is # ehpaditt, SHS EHAREr is connected
jn said capacitive elenent is a

3
betwe@ﬁﬁ%fg] f&’&i‘ng E”l S*PHée%I%f‘@‘?fr? Srstspurreidedn tewhinabphsagdiransistor, and
a secdtRRBEcE/dVein RrARN bf baid BaRQle¥Shs b ERtedGd aasﬁhgl? rvolte:igg]é

79. The system of claim 63, wherein said dual conversion gain switching
~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.

80. The system of claim 63, wherein said circuit is connected to a supply

voltage.

81. The system.of claim 63, wherein said circuit is connected to a ground

potential.

- 82, The system of claim 63, wherein said circuit provides said diffusion region

with more than two conversion gains.

32



LLOYD WSE '75. The system of claim 63, wherein said
dual conversion gain swtching elenent is a transistor
having a gate connected to receive a dual conversj
gain control signal. 76. The system of cIaim63,LLc6\(DWISE
wherei n said dual conversion gain switching elenent
is atransistor and said capacitive elenent is a
capacitor, said transistor is connected between said
f 1 oag3.ngTieH §yﬁt§ﬁi @ﬂ’blﬁiﬁgﬂéﬁQ v fuiin ﬁle}‘ﬂrﬁt?ioni/;&giﬂih aln i9uséiduiing low
... capacitor, and a second termnal of said capacitor is
light gosiditians @pd ths sgcandpamyersionieaes used during beight hght gpnditignsy

63, wherein said dual conversion gain swtching

el emgnt +s a fransi;sto nd said capacitive ement is

2 cabhor T S iRFRG. B0 BerpiTRE St Sph il for
sampfiAg nd hélaing AGefdrdict Supat RGhalfipRYxé sfdnaBéuth@s Fofpdaiddiffusion

_sald capacitor, and a second termnal of said

ICgI0R-apacitor is connected to a ground potential. 78. The

system of claim 63, wherein said dual conversion gain

smﬁtg?ing ..elenment is a transistor and said

capatit i VB "B SHICNsCONRBHRci t or, said capacitor is

connected between said floating diffusion region and

afi .cefidrain termnal of said transistor, and

a se%gﬁﬁégggggg/drain termnal of said transistor is

connected to a supply voltage. 79. The system of claim

63, WRhQKE 8Aick Je@icARPOHISH RNsaikPhrdcSbL, A MAaging device

el ement i's a transistor and said capacitive el enent | s
compaisggpaci tor, said capacitor is connected between said

floating diffusion region and a first source/drain

termnal of said transistor, and a seco

sour & Apaing diTiaPRTeeie. sprasied 1 Fesste sty a?f%f‘oﬁﬁw@@t ed
photdsénsRi@ RYRE; ARt ential . 80. The system of claim 63,

wherein said circuit is connected to a supply

vol tage. 81. The system of claim 63, wherein said

Ci r cilkircuiscammpited teeghid diffasion eepich, spidteerohit ptoviding sailddiffusion

. systemof claim63, wherein said circuit provides said

regiop with avlgple cogyesion gaing bysyaching in 2 {ist censeiiveicksmens dwdng a first

lightiﬁg condition to achieve a first conversion gain, switching in a second capacitive element
during a second lighting condition to achieve a second conversion gain, said first and second

conversion gains being different than a conversion gain of the diffusion region.
86. 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;

a diffusion region, connected to receive the photo-generated charge from said

register, said diffusion region having a first conversion gain, and
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LLOYD WSE 83. The system of claim63, wherein the

first conversion gain is used during |low |ight LLOYD WiSE
conditions and the second conversion gain is used

during bright light conditions. 84. The system of

claim 63, further conprising sanple and hold circuitry

for sanpling and hol ding a reference output and

mul tiple pixel signal outputs fromsaid diffusion

regi aron@asioAgaingeing siradiecanneowPtd slid@iffusidn region, said

processor; and, an | nmagi ng devi ce electrically coupled
convgrslon gag a;];e(l_;l@g Sigpit bglgg aoqltﬁgbq g changedhe ﬁ@bp@ﬂvpgspmanato one of

mult@lé’&)tnlv rgaﬁﬂésdﬁg{lfcﬁgi H an{ 95‘13%\%/5&%_ E(gxﬁ%sﬁgﬁ%%{g C%%a?ftﬁf%e to the

arge osensitive devl ce,;
diffusion mglq)reahd t© changt shid tﬁru:sofcmullipl:q:i anyersiah @aitis te shid first conversion

: d d diff .1
s B Rk SO DR ARG et ) thBisteipn

.element during a first [lighting condition to achieve
f t
capadyti oangnod ol Bodt ik athdoeh el RiB e Sopmaisingon

to achi eve a second conversion gain, sald flrst and

S€eCORfring PAVRL @&&t&?&%ﬁgeﬂﬁ'a@ffgélgﬁ RISt hedvil ™ éharge stormg

conversion gain of the diffusion region. 86.” An ITmge
. capagjiipsthatnis less thaniastharge steringreapecityoof a phetosansitivedgving generatmg the

ctrically coupled to-said processor, said
pmﬁggdkxﬁcgagv Fee conprising: a register for inputting

and out putting phot o- generated charge; a diffusion

r egl QUtpuft fitsBdghal réﬁ'@&:’nﬁﬁ tcﬁ@?%ﬁotﬂ el Lharge;

char ge fro sald “register, u3| reglon
having a first conversion galn and 33 LLOYD WSE a

conv gh&igiig Q@(brﬁ/e?dlérﬁ‘galﬂ of el diffidio® ngitﬁPB}E‘&mahg’ing #hecharge storing
di ffusi on reglon sal d
capacity of the region; an

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

diffusion region having the changed conversion gain.
88. The method of claim 87, wherein said changing step comprises:
changing a capacitance of the diffusion region.
89. The method of claim 87, wherein said changing step comprises:
| iﬁcfeasiﬁg a capaeitance of the d-iffﬁsion fegion. |
90. The method of claim 87 further eomprising:

resettlng 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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conversion gain altering circuit being controlled to

change the first conversion gain to one of nultiple

conversion gains by switching in and connecting a

correspondi ng capacitance to the diffusion regild®YanbliSE

to change said one of nultiple conversion gains to

said first conversion gain by disconnecting said

correspondi ng capacitance fromsaid diffusion region.

87. Gy meod @b P& 98 Gurfer h&ﬂgﬁ‘ ind B¥I LR orSal d

met hod conprising:  storing ge erateé)charge in

a diffusion region having a charge storing capacity

t hat sdnSplingsmd hdRiing@the FR§tgRcsh Pidire 8ipaglisi andof a

phot osensitive device generating the photo-generated

charge; outputting a first signal representing the

st or esingthetsamgldendtheld fokasgend emdthiyidrsgnalsto obairsa correlated

aln of the diffusion region by changing the charge

mnmg capacity of the region; and outputting a

second signal representing the stored photo-generated

conversi e HEred oAk 7 AR SRS, 15, e ei n

sai d changi ng step conprises: changing a capacitance

of t Hﬁuﬂ’thﬁédﬁﬂycf@serttﬁ% the dlfﬁglonﬁgﬁoﬁﬁﬁ@gﬁh&gsﬂs&' ﬂb&ﬁmg the

wherein said Changing step conprises: "increasing
photceggnamtedaehargeqfrior hestdiing thei phator-gaperated dergeTh éhen@fﬂq@tdn adgion;
d claim87 further conprising: resetting the diffusion
region to an array supply voltage prior to storing the
phot o- generated charge; and outputting a third signa

repr b LS Tolal LOYD
DSl e A i e BRI ok O
the acts of: sanpling and holding the first, second

and ohi rthesmgmhal f claid 9D furtt@gr thapsanptieccand: hel d
first, second and third signals to obtain a correl ated

out put val ue.
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.
94. The method of claim 87 further comprising:

simultaneously resetting the diffusion region, a photosensor providing the photo-

generated charge and a capacitive region used to change the conversion gain.

95. The method of claim 94, wherein said resetting step substantially eliminates

shared charges.

96. The method of claim 94, wherein said resetting step substantially eliminates

lag for a subsequent readout operation.

97. A method of operating an imager device, said method comprising;:
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92. The nethod of claim87 further conprising:

simul taneously resetting the diffusion region and a LLOYDWISE
phot osensor providing the photo-generated charge

prior to storing the photo-generated charge in the

di ffusion region; and outputting a third signa

representing the reset diffusion region. 93. The

nmet hod of claim92 further conprising the acts of:

sanpling and holding the first, second and third :
si gnal strangfesringspheio-gereraedphagt tandliffedich fegianthavimgaahdrge storing

Y ' 0, [ n..a correl ated ut put. .
cB8iry o 1SR Seter R Ml eaBadi QiR b RSenslsBittice pperating he
pbototgenemed ehirgey esetting the diffusion region, a
phot osensor providing the photo- generated charge and
a capacitive region used to change the conversion
gai n. gterminingen pgunsfof theattoredahargther ei n sai d
resetting step substantially elimnates shared
charges, 96.. The nmethod of claim94 rein said
resettif &pﬁl%%ﬁg&ugﬁﬁ P t‘aém"?ﬁdrfh’ie\égﬁd;l ag for a
subsequent readout operation. 97. A nmethod of
operati ] : [; [ t : | Sing: .
35 LLOD i RPN B s PR 0B BRI N ppree storing
capadity plibe cegioreifiiton dbtemmingd thatthamgeust aistoned capRoixtcyeds the

that.is less than a charge storing capacity of a
ﬂHﬁ%P%%%Wiitive devi ce generating the photo-generated
charge; determ ning an anmount of the stored charge;

conpar | gk AHBIH indiutiFe BE BUEHSHL] "
changingqé conve Sl&h g&?ﬁ o?lthéﬁgpﬁﬁggﬁgﬁﬁgggég% by
changi ng the charge storing capacity of the region if
it is dst ek prthddicldine7awhersin safd Gheging sep d6@prises:
exceeds the threshold; and
~ changing a capacitance of the diffusion region.
99. - The method of claim 97, wherein said changing step comprises:
increasing a capacitance of the diffusion region.

100. The method of claim 97 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..
101. The method of claim 100 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.
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outputting a signal indicative of the charge in the :
diffusion region. 98. The nethod of claim 97, whereip oypwise
sai d changi ng step conprises: changing a capacitance;

of the diffusion region. 99. The nmethod of claim97,
wherei n said changing step conprises: increasing a
capacitance of the diffusion region. 100. The nethod

of claim97 further conprising: resetting the

di ff usi dA2r &he orettod ofiblairh9AuShRROMpMAhg-a0e Prior to
storing the photo- generated charge; and outputting a
third signal representing the reset diffusion region.

101. Th él%ﬁ'a'iaﬁﬁfdlsb‘freéqf%\m ¢ dgtusiontrhgion andrp phStostGsdtfoviding the

: ; j _ ' the first, ond d
R PRSI PR ol s Yhalepfatyeliteeiaean e osion reion

cond and third signals to obtain a correl ated
out put value. 36 LLOYD WSE 102. The nethod of claim
97 further conprising: sinultaneously resetting the
di f f usi B¥PYEPE arthisheiznal persessaiéngsibe rependitfbiog rédiéh.
phot o- generated charge prior to storing the

phot o- g rat ed char in, the diffusion region; and

out put t f% glet’ﬂ?tﬁﬂ‘?gﬂg ‘8%&? 1%@Fé§fé‘ﬁ>mm!glrxgﬁbe ausof
~diffusion region. 103.. The nethod of claim 102

f urt herg6FRE i, S of . . s | j ng and hol di n

the f1rer gt RUHESHEALT o ahd Mind mowlvnd the |~
- sanpled and held first, second and third signals to

obt ai n wsirpothé edrapled andbIP st VREMR: and Whirg gilg@al?g)tscg?%p %g:orrelated

C%Finh97-further conpri si ng: si nmul taneous
OPWEt YA'¥% usi on regi on, a photosensor providing the
phot o- generated charge and a capacitive region used

to Chanl%g tTtﬂee n?e%{]o\{ieorf%:ﬁa?rrr]l Q%aflupther comprising:

simultaneously resetting the diffusion region, a photosensor providing the photo-

generated charge and a capacitive region used to change the conversion gain.

105. The method of claim 104, wherein said resetfing step.substantially
eliminates shared charges.

106. The method of claim 104, where.in said resetting step substantially

eliminates lag fora subsequent readout operation.
107. 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;

determining an amount of the stored chafge;
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105. The nethod of claim 104, wherein said resett ing

step substantially elimnates shared charges. 106. | LOYDWISE

The nethod of claim 104, wherein said resetting step

substantially elimnates |lag for a subsequent readout

operation. 107. A nethod of operating a CMOS i mager

devi ce, said nethod conprising: providing a

phot osensor having a first capacitance;, providing a

di f f cponpaning ¢l MOUNAY mgredetseminad theeshald: twdice that s

| ess than the first capacitance; storing

phot o: gener ated charge from the photosensor in the

i 1 f g thirdicapacitapeerte thy diffysion Fegiorotush that theheombinatied of the
secon@ Rl &8s i i | A ; '
sconB0 983 a2 1 e SATRAL A0 LB AP\ ine s e
amougbgfatirechelege exceeds thié thiresboldn regi on such that the

conmbi nation of the second and third capacitances is

greater than the first capacitance if it is determ ned
t hat }(fgh et’fhﬁﬁ%ﬁﬁbﬂd Frelamol0d g whergingaideaddingosent ¢hanges a conversion

gain IR E&AALEN 1S The method of claim 107, wherein said
addi ng step changes a conversion gain of the

di ffusion region. 109. The nethod of claim 107 further

cConpra%si Mie niegisst dfi gmt g fdﬁﬁérk':%hﬁﬁsih gion to an array
supply voltage prior to storing the photo- generated
charge; and outputting a third signal representing the

r es etesatiifg the idiffnstangiegion to 4d arrayT$upplyetditage pfiorcth atoming @ photo-

.C rising the acts of: sanpling and hol di ng
gener{nlgéwa??es’tagggecond and third signals; and using the

sanpl ed and held first, second and third signals to

obt adfindtie®4 iildad & t oV . The. et hod of
claim I:)L071_§%)urt her@%orn‘%ﬁsgl?{nn& (it et dibdsion Q%IJBE
110.  The method of claim 109 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.
111. The method of claim 107 further cofnprising:

-simultaneously 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.
112.  The method of claim 111 further comprising the acts of:
sarhpling 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.
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sinmul taneously resetting the diffusion region and the
phot osensor prior to storing the photo-generated LLOYD WisE
charge in the diffusion region; and outputting a third
signal representing the reset diffusion region. 112.
The nethod of claim 111 further conprising the acts
of . sanpling and holding the first, second and third
signals; and using the sanpled and held first, second
and 143 r drisd @e8be of SlaRll @7 Me?@érﬁﬁﬁﬁﬁ@d out put
val ue. 38 LLOYD WSE 113. The nethod of claim 107
further conprising: sinultaneously resetting the
di f f sistubtaneeglyonsettiigethp kitffesensgionathe phowapaot hnd/€capacitive
sed o change the conversion gain. 114. The
' regloﬂé‘??ﬁigtﬂ cgfmg?lt f AOVESIONBBRei n said resetting step
substantially elimnates shared charges. 115. The
nmet h of [ g .
S ubs g‘}n i a Tlﬁ Iﬁéﬁ{bi} gﬁsclaia’éﬁ?ﬁﬁl\ghe? %sa‘éﬁg ug I{(gnsgeeon{u%? té%lalt
eﬁnﬁmﬂﬁsﬂhnﬂﬂhm@kﬁ A met hod of fabrlcatlng a dua
conversion gain pixel, said nethod conprising the
steps of: providing a substrate; providing a
phot dkBnsThe methp@ gt elaimld hi whertin ssidyestettatgesteppsubstadiially
i ffus on.wWthin said substrate, the

ehmlﬁlts ]t%?%rnag?@?%ﬁegtﬁeaqoég%BWaH(éR/| ng a first capacitance;

and prOV|d|ng a conversion gain altering circuit

Wi thipgth n?éflp(ﬁf(;feftaﬁmca\f\i{ﬂg ﬁ%k{dﬁ%mfbﬂ% 1')(91n sﬂg'nﬁ:thod

altering circuit is cont e to a sec
compriapp@che stepseoft 0 t he capacitance of the diffusion

region, said act of providing the gain altering

circuit conprises formng a capacitive element wthin

t he BUBidiRGEEubSHELE or ming a transistor within the

substrate, wherein the transistor is connected

bet ween. t.he d ffu5| n regqgion. %nd th acitive

el errBﬁ)[Vl ﬁ%ﬁp iggenstiive region within the su st e;
providing a floating diffusion region within said substrate, the ﬂoating diffusion

. region having a first capacitance; and

: prdViding 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, said act of providing the gain altering circuit compriées forming a
capacitive element within the substrate and forming a transistor within the substrate, wherein
the transistor is connected 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.

117. The method of claim 116 wherein said step of providing a photosensitive
region within the substrate comprises providing a photodiode with-a high pinning voltage

within the substrate.

118. The method of claim 116 wherein said step of providing a photosensitive

region within the substrate comprises:
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- when the transistor is activated, a capacitance of the
capacitive elenent is added to the first capacitance.
117. The nethod of claim 116 wherein said step of
provi ding a photosensitive region within the
substrate conprises providing a photodiode with a high
pi nning voltage wthin the substrate. 118. The net hod
of clai pro\ﬂidiﬁgwiﬁbﬁﬁrbdsa\hahr&h@eu&traﬁ!%%’d' ding a
phot osensitive region within the substrate conprises:
39 LLOYD WSE providing a photodi ode within the
subst r d°BReclpg theghatadiddado 2 bapapiat odi ode to a
capacitor. 119. The nethod of claim 116 wherein said
step ofyqer oy di n hot osensjtive region within the
substr a‘ltlg' C%Lhn@prrnf:glg g Og FiatT 3?@‘5}‘%{3‘&%{%@% & paptidling 2 phetosensitive
"SI it she sBrarshcamsdiadp@lialialy HEAS O A e
conversion gain pixel, said method Tconprising He
steps of: providing a substrate; providing a
phot osensitive region within the substrate; formng a
first transistor within the substrate for resetting
the pixeh; Provi di .fl.oating diffusion region
Wi t hi n)(1§g'i dRs ue\éﬂé‘%ddr %&%‘?“?H’ég § T“bagf%‘@rwrf £2i8 pyal. saie giethod
chrpiinmg the ftepssdf: capaci t ance; providing a second
transi stor between the photosensitive region and the
floating .diffusion region, the second transistor
bei ng PHYI¢RS # BIsE2aten transfer charge fromthe
phot osensitive region to the floating diffusion
regi on; .M capacitive el enent within the
subst r g{%ﬁ&{%}%% ?%?Srﬁnﬁﬁv%lre?‘ﬁ? ItR hesnbsteie: wi t hi n t he
substrate, wherein the third transistor is connected
bet weeforidiy Lfifst Hah i e. capacitive,
el ement such that mﬂ%ﬁ‘tﬁﬁgﬁgﬁﬁp%éaﬁfgﬁrse?%fw hﬁ‘?“‘eh
activated, a capacitance of the capacitive elenent is
added PEVidieg 4 flpating diffusion region within said substrate, the floating diffusion

region having a first capacitance;

LLOYD WISE

providing a second transistor between the photosensitive region and the floatine
. . . . . ) i
diffusion region, the second transistor being controllable to transfer charge from the

photosensitive region to the floating diffusion region;
forming a capacitive element within the substrate; and

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

transistor is activated, a capacitance of the capacitive element is added to the first
capacitance. ' | |

121. A method of fabricating a dual conversion gain pixcl, séid nﬁethod
comprising the steps of: |
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capaci tance. 121. A nethod of fabricating a dual LLOYD WISE
conversion gain pixel, said nethod conprising the

steps of: 40 LLOYD WSE providing a substrate;

provi ding a photosensitive region within the

substrate; formng a first transistor within the
substrate for resetting the pixel; providing a

floating diffusion region within said substrate, the

f | oaqirbvidingiof ubstradey r egi on having a first capacitance

and being connected to the photosensitive region;

formng a capacitive elenment within the substrate; and

f or rR'AYdHLSRhOseRsIthyeTesion Wiltiin Hiesubstrates ubst r at e,

~wherein the second transistor is connected between -

the diffusion regi on and the capacitive elenment such’

t hac OUpisH R CdisRa Wi bR ot teron hecpicet

capaci tance of the capacitive- elenent is added to the

Fi T SroviRRACJBAE Qiffifton 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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