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GAI'N | I\/AGERS FIELD OF TIE I NVENTI ON [ 0001] The

invention relates generallv to imaging devices, and
nore particularly to dual conversion gain inmagi

devi ces. BACKGROUND [0002] Imaging devices, |ncE@w mmmmmmmm

charge coupl ed devices (CCD) and conplenent

oxi de sem conductor (CMOs; imagers, are connDnIy use’“67I67
i n photo-imagi ng applications. r0003] A CMOS inager
circuit incldeslaCOSYERSEIR arARBy LBS cel | s.

Each one of the cells includes a photoconversion

devi ce or photosensor such_as, ar aml e, a
phot ogat e, photoc&ﬁéﬁ%f%ﬁjjgﬁ:EﬂggﬂﬂﬁgggV for

generating and accunulatlng phot o- gener at ed charge in

{M t]l on -/l 1&1091‘1 ?(‘{l{tgg aﬁ\hg ﬁ‘ﬁ%ﬁ%{\b defick ead j'xtxeorc

rcuit is connec Sand 1 nehu
priheast cedu0 Ubpvé: snohrcx’éﬁﬁirﬁiﬁﬁz d&kﬂc@b receives
phot o- generated charges froma doped. diffusion region
and produces an output signal that is read-out through
a pi xel access .transi BAGKGROWANDe typi cal CMOS
I mager pixel circuit, the three-transistor (0-T -

Bt coehae BceL SEERERh chalas B e (e

Ic!rﬁB‘iéhl% ‘E&fcaﬂ@éﬁé LdofGod 68l éR@d}Qnu{x&‘QérQ”ar Qommonly
o mamon)

source ower transistor aV|ng gat e connect

td2d ifliphbusiraieihggipphcadons. produci ng an out put S|gnal,
and a row sel ect transistor for selectively connecting
the source follomer transistor to a colum line _of a
pirQ@p°]arra‘§} CMSN HBREY FRFEALNEREE 2 farabelanppssay of pixel cells.

SI Ll ?Xéo?%nf O%L Ergc;?&@é SO LA, 68 'd%rc@%}- %ﬂmé’!hbé:o'? s as,

confl gurati on, ut uti

taradamhele, & pAdSH Edre) rpktcﬁogaicﬁkmabg ehots it hﬁ)r generanng and
photosensor to the diffusion region and t he source
AeTUBUEEng Pheksr stk chegngephta porton of the substrate of the array.

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

and produces an ourpur signal that 1s read-out through a pixel access transistor.

-

[0004] One rypical CMOS imager pixe] circuirt, the three-twansistor (37T)
pixel, contains a photosensor for suppiying photo-generated charge to a diffusion
region; a reset wwansistor for resetang the diffusion region; a source follower
transistor naving a gate connected o the diffusion region, for producing an
ourpur signal; and a row select transistor for selecdvely connecting the source
follower transistor to a column line of a pixel array. Another typical CMOS
imager pixel emplovs a four-transistor (4T configuration, which is sm'ular to the
3T configuration, but udiizes 2 wansfer transistor to gate charges from the

‘photosensor to the diffusion region and the source follower rransistor for outpus.
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w 004/ 018425' [0005] Exenplary CMOS i magi ng
gﬁ%ﬁg@ processi ng steps thereof, and det ai PeHUS2004/018425
descriptions of the functions of various CMOS el enents
of an imaging circuit are described, for exanple, in
U S. Patent No. 6,140,630 to Rhodes, U S. Patent No.
6, 376, 868 to Rhodes, U. S. Patent No. 6,310,366 to

Qdes]et FExemplady SMORL & eiND cirbisi - S
S.h[s._ A ent No. O AR e R Brdlagia? £EBRHR St and
Notailed 888rpGbns of Birofiestiodef tirials MG clefne@achf £f imaging

the forgoing are hereby incorporated by reference
REFEE ALS 5?42‘@‘1’% fenexamals, in[BgoSptemid¥e G068 gehibodds, U.S.

i . e first.type nbin | o
g’g‘%gg %\tocgndd% ﬁﬁé? 58 Ensst ﬁds : ale%%clgapé\’c? i? a%ésletof %8@%@ al.,
1.8 f PaeenNoeg| 328,65 T b Rhparbimat m{&n&wlq,lﬁoé,@ﬁﬁgwlimdcs,

i mager with high conversion gain and excell ent
- png E-SsBaisht Nei 64333205 poBhodignafhe disshgarand eheiwof thd

\ﬁel | . ca}g_a it%). A second type of inmager conbines a
' §RTEN F%\é}f YHaCPPOIRRG LY Selssdice e Hn an HRghentlesy.ge
capacity floating diffusion region to achieve high

1 eI L eV o
fyldoows! | qRRACIE YA ne Y i'i‘%@scof.ru%gg%a. @efﬁfﬁtg&%% {cpérmmcs a

however, has a | ow convers gain o]

smsifacitahoe. pHAOLR o AGEDE b Ghyacitahed ﬁoitﬁ;\%adjﬂ%%n%gion.
desire for an imager with both excellent 1Tow light

s rpeinagom Aetubif ifhar ymagdrovithhigh cOeMRY gain0GBdxcellent
The.present. i nventi on provi.des an imager with inproved
e A R D S e S PRSI
dhronabipyeofinth Rt BEMbERLU; Al ith a hi
achine\?g% ion vggri ous en@gggﬁe%?%cg%ﬁgﬂ{e‘ nvgg{ns(aﬁwﬁtyhamgh
phage daprgitfloanng eliffwdidrh redtion to aelfives i Fuly &l capacity and
f.l oat.i ngﬂdif Elssi.on regi ons. The dual conversion gain
Fi%g $5e (PREE W R d1as R dPW ganyersiag gain and poor low
88RSIehkiy. to achieve excellent ow light

[0007] Accordingly, there is 2 need and desire for an imager with both |

excellent low light performance and high dynamic range.
SUMMARY

[0008]  "The present inventon provides an irnagcf with irnpfoved low light

performance and high dynamic range.

[0009] The above and other features and advantages are achieved in
various embodiments of the invention by providing an imager with dual
conversion gain floating diffusion regions. The dual conversion gain regions
yield (1) high conversion gain and sensitvity 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

2



performance and (2) high full well capacity and

woam4gli s7on gain to achi eve high dynam c range. A dual
conversion gain el ement is coupl ed between ea&RT/US2004/018425
floating 2 WD 2004/112376 PCT/ US2001/018425 diffusion
node and a respective capacitor. The dual conversion
gain elenent swtches in the capacitance of the
capacitor to change the conversion gain of the FD

rdiffesién ada ahil fstspeonvwesaph Silo AT Re 43P FSEARS cain clement
conversjon gain. The imager nmay be a CMOS or %II)type
iSHAGEES IBRF EFPIESER FhON PR THEDRAWNGS (BF&BjorBgin of the
f}%%%%icﬁo anqqfot her advantages and features of the
imvent I on W T SECETHO TR R T FieF @t CORVEFeMBaget Bt trager

desché RGO PE @{gﬂgéﬁﬁﬁl odi ments provi ded bel ow
W :t%ﬁ refer encer to th acggﬁggnyi ng drawi ngs in which:
[0011] FIGS. la-1d are CMOS i mager pixels constructed-

i n accor danBRIEH DIESSRIPTION abBorHEEDRA WinNg
i nvention; [0012] FIGS. 2a-2d are potential diagrans

_regd(g]tsﬁnti the transfer of charge during an .
opet&lon ofhe Recgning pnd pHaen sdvapthgenaid fBatdres ofideringention

fi. i condi tion;: 0013] ..Fl 3is atimn

il Hechindthor Rt B W Riks B ornn & xpmatny n
Rbodi YWERR:] " t ' o
R R G o B P

opeielat i on of the pixel illustrated in FIG la under a
second |ight condition; [0015] FIG 5a is a graph

il t.r.ati i xel, si s v. light exposure durin

ant Sherat i gﬁc{}l‘r ﬁf‘ﬂéis?:fggglwqg FB'S‘E‘%&I%S gQPSFFPGCdlia; acgordancc
e 6l e b Gy '&n% i rating adjusted pixel
signavaé Figﬁ?bln ﬁ%%gpﬂgféggi%ﬁ§ during an operation

of the pixel illustrated in FIG 1la;
[0012] FIGS. 2a-2d are potential diagrams representing the transfer of

charge during an operation of the pixel illustrated in FIG. 1a under a first light

condition;

[0013] FIG. 3 isa tming diagram of an operation of the pixel illustrared
in FIG. 1a; |

[0014] FIGS. 4a-4c are potcnti.all diagrams representing the transfer of

charge during an operation of the pixel illustrated in FIG. 1a under a second
light conditon;

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

an operauon of the pixel illustrated in FIG. 1a;

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

clectrons during an operation of the pixel illustrared in FIG. la;
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J WO 2001/112376 PCT/1JS2004/018-425 [0017] FIG 6

wi |l ust rates a top view of an exenplary |ayout of the
BRI ustrated in FIG la; [0018] FIG 7 ipeTAseMdisszs
i mager pixel constructed in accordance with another
exenpl ary enbodi nent of the invention; [0019] FIG 8
illustrates an exenplary | ayout of the pixel
illustrated in FIG 7; [0020] FIGS. 9a and 9b are

po yal  diagr representing the transfer of ,
c hgggie/ Eur ?%I;@'aéﬁﬁﬁblﬁ%?% P OPP SFEW Aleh FREMPIRIY lkeytafage pixel
RAllGstratedngd®IGal f-irst light condition; [0021] FIGS.

10a and 10b are ‘potential diagrams representing the
transfer of charge during an operation of the pixel .

i | (0§ ]at edFIGh Fis@ CMIQfittenger piedandsrhi@htin endiide@niith
[002% FIG 11 :f{&’ .portion of a CCD inager

OB RERRI4TR cabogimencd theinvensionexenpl ary

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

RO et o e HSRES L bRk R R34 s T in

pFldeessor system i ncorporating at | east one imger

devi ce constructed in accordance with an enbodi nent of

th? i nvention,  DETAI LED DESCRI PTI ON [ 0025] In the

f ol P48 ;g d“g&%-|9édlnée9§t¢rr:mqtmi,na1@¢gmnceprmmmgehe eransfer of

t i.ng..dr awi ngs. ich are art of the

e P b A OR D Bl DS Gfiin Byt ter o s lighe
iddndsdigat i on vari ous enbodi nents whereby the invention
may be practiced. These enbodi ments are described in
sufficient detail to enable those skilled in the art

t o[#@dd andFlge 10hanidAdenire poredial diagkemb eepta@atiag @8 ransfer
t ot her. 4 .
ot}acﬂ'xargc gunng an operation of the pixel illustrated in FIG. 7 under a second

light conditon;

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

with an exemplary embodiment of the invention,;

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

embodiment of the invention; and

‘[0024] F1G.13 shows a processor 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 iventon. Itisto be understood that other
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WO 2004/ 112376 PCT/ US2004/ 018425 enbodi nents may be
utilized, and that structural, logical, and electrica
WRRAMHGEST6 as wel |l as changes in the material spaiFesho0s/018425

may be nmade without departing fromthe spirit and
scope of the present invention. Additionally, certain
processing steps are described and a particul ar order
of processing steps is disclosed; however, the

set forth

SRS SR S B S b changes,

. " : o . - ‘
B A S SRR o o i
“spirfrand saopt 66tie Preeheinvahgoh O AR LGSR S EQOAn PPocessing steps

i nt erchangeabl e and as including silicon,
SF¢ AessHbeh 2n¢ha prERGYar (0Tdr) olprosedsingonepmis dsalopti;rimwever, the

( ed and uyndoped sem conductors, epitaxia .
(e 47085 R IGRPE, BEMEOndHoLOrs oL Lol o
floleRadhi BB artdREhOhR @ SRIBHCHNILS O actssltléééw&qpugr}ng ina

Furthernore, when reference is made to a "wafer
"csubwterdes” in the foll owi ng description, previous
process steps may have been utilized to form regions,
' in or on the base

' terial .l
e B Bl Y S 2 PR P
t. ' . . Pl -b d | d
BRSO SIS BE KL GTARER0, () £ oo

a3apEidSO8), dop&e ank BAUBped HFhie ORAHEGHEY, cPRIBAIIB)Ss of silicon
[0027] The term "pixel" refers to a photo-el engnt unit

SEPPOIESh b1 i hiasgyscanicpihdicsenipuads fion, del pder semiconductor
photosensor and transistors for processing.ap »
B STV Ber EReEnr O faBASR 1 HARS! Ppjsubomae” in
SRO SR (da 6 riPRRIn0 BRIV 8 ess g&g% HRE X Ghifized to form
di scussed herein are illustrated and described as

irngions,i juectiomdirfetipldagers tn doon the asi sshocofditiordioteture or
c'rcaits f rﬁ%ﬁe sake of exanple only. It should be

JRHEF G Uphethe SoRIRANGHCI Nes ot detsiligopdaged, duat could

t LSLATS ) [ may_be ,used mﬁt% ot her

ptly xei arr ash%éﬁmgctr %aﬁlgi\r/?’ c%&\[/\ué%{n( %"‘ﬂé'“m AP Or g known
(senticondwforthsdaribiigur transi stors. Al though the-

invention is described herein wth reference to the
arf&ggﬁcture and fabrication of one pixel, it should

bel002 | The term “pixel” refers to a photo-element unit cell containing a
photoconversion device or photosensor and transistors for processing an
electrical signal from electromagnetic radiation sensed by the photoconversion
device. The pixels discussed herein are illustrated and described as inventive
modifications to four transistor (4T) pixel circuits for the sake of example only.
It should be understood that the invention is not limited to a four transistor‘ (4T)
pixel, but may be used with other pixel arrangements having fewer (e.g., 3T) or
more (e.g., 5T) than four transistors. Although the invention is described herein
with reference to the architecture and fabrication of one pixel, it should be

understood that this is representative of a plurality of pixels in an array of an

imager device. In addition, although the invention is described below with
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understood that this is representative of a plurality
f,.pi in an array of an imager device. In
Wgéﬁgpﬁ%k? al t hough the invention is descri bed Poalws»o4/018425
with 5 WD 2004/112376 PCT/ US2004/ 018425 reference to
a CMOS i mager, the invention has applicability to any
solid state inmaging device having pixels. The
followi ng detailed description is, therefore, not to

[ fmting,sense, .and the scape of the . :
At RO It B TR RGP Shbse 1 RO B Gl sac
Ghapiig,. devRRAGNi YW £i6f ShEl id i
i ke reference nunberSQBgégggﬁggéﬂﬁﬁ%%gg5§§3%$§§£E?%§ﬁ“q
In@t $¢ brgalson imxelinpitary/seant) atidmbptscofe af EYPBesdniaghtion is

pixel .1 Oa of the invention. Simlar to nost 4T
6#?8?%9“%?@IHF%§PCP@ﬁFC Y-udes a phot osensor 12,
floating diffusion node 22 (FD), transfer transistor

L4roos]t r angée rrci@?rgﬁr% foT B ﬁgi%r%? Shnde: \%‘Ré ! eftr:gcgjtc% Sumbers

source " foll ower t I stor and'ro S

tdesipsastide cBéneds, FI® lal shatisradt @& nfihe HniBiimeHPVWEY @M OS
the pixel 10a also includes a dual conversion gain
éPagerRixeldifi gfuhe dnvegtiant Samdis tomd304 THOEL, thapikead0a

I.n~ph xel .capacitor .3 CAP)... Thus, the pixel 10a is

R REORRSIO 7ot WIS hors oLk B e mansistor 14
WoiefiAscs &bsd ! ' Wi
MRt s DR A B T SRt Wlon bl 1 anc s
3@lectrmiarcaparc? §.0in 82 flasmarad eobYEfnh@adver aht §itd)d 0a also

circuit for the floatln% di ffusi on node 22. [0029] The
Pt Gserdepl copvirsion minytlermsar genbgyradias p tpinstsoyeds ADCGT)

j rge capaci t osensor may he a
5 gtagg.!b ecq\%?;t)%mgr ﬁgg(;:(]ffg?/)h ﬁ}gﬁs,tga Pfxgbi&*/ﬁi %’nggu.rcd as a novel
BITopigeli, elseosaanss LedHd B dealdd Bliowdn 999%%%&?’ A9%ill
any simlar photosensitive device wth a high charge
- bsperor appatent,tthe duhl ustvemiedgaienbodisnemd( andieagucgbr 32 form a
charge capacity. phat osenso 2 i.s a, photodi ode (PD)
Wb %%C’Hi%ﬁ“ %‘5‘%/ g grgue %EF@: %‘89%5 diffysiamhpediel2Be
appreci ated, however, that any of the afore-nentioned
ph NS OrphCont 6 ; ] W1} Lon.
e o0t ooanamoDsARoN 8} B SEkRE ety pREEILLRY: The
diglf dsdrgn capmbiry pRovosansdrel 2 magHeed photodiode with a high pinning

voltage Vpin, a photodiode connected to a capaciror, a photogate, or any similar
photosensitive device with a high charge capacity. In the illustrated
embodiment, the high charge capacity photosensor 12 is a photodiode (PD)
with a high Vpin (e.g., 2.3 volts). It should be appreciated, however, that any of
the afore-mentioned photosensors could be used to practice the invendon. The
photosensor 12 is coupled to the floaring diffusion node 22 via the transfer
transistor 14. It is desirable for the floating diffusion node 22 to have a low
capacitance such that it has a high conversion gain of 20 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 floating diffusion node 22 is a novel approach and provides a
6



transistor 14. It is desirable for the floating

di ffusi on node 22 to have a | ow capacitance such that
WP208E2H6hi gh conversion gain of 20 tV/e to 1501@Mb& 10183

or preferably 30 .tV/e to 70 4V/e. [0030] The

combi nation of the high charge capacity photosensor 12

and | ow capacitance floating diffusion node 22 is a

novel approach and provides a 6 WO 2004/] 12376

: 1018425, high nam.c range to the pixel_10a
E@éﬁ@%‘é%‘% tgp%‘sﬁ’é’%ﬁ lgé |a6w.ﬂf PACqe apRAsent belpps In the past,
. ety . { . 1 apge.
oo e S Rt it S IR AR ion noct

Radegs rvamdvd apuphpderdyhiilingCap¥@rald retdiee sOkhEe 18 ed
el ectrons fromthe high charge capacity photosensor

FiEctogs fio@ Bisstish chirge capariyrpitdtorrnadsh ¢ fe dhepast hdnige

i: g I [ es if exposed to brjght |ight, )
SRR B R B R W ahil e
. ‘ , c o
e o S o oAk d §808 BCa R sttt dhlpace
dicgradatien cioskdy théieharge shiridd mdlla@h?sjliﬁatr _Eﬁ)»ﬁ‘cgz_@%%lstvﬁg r?c
ot 12 and w_.capacitance floating diffusi
; 089%3%%%%%%&8% &%&@Eb@ﬂéfcap@mmtwn 12 and low

' ' it - | ,conversion gain, transistor .
AP Aot Dok 06 WL DR BRI R s
tconfubicib A fvidltiiaal ESnveeibS Galhat HsNedr 3¢ 2P e LMoL 92
the floating diffusion node 22 and its dral n ‘connected

to a first side of the in-pixel capacito.r 32. The ‘
gat®@331l t hd bl canveeien gaingzansistora3bhad oy scifdcd Germinal

t 1,0 @ dual ..conversion _gain control signal '
SRR R g RS na g e i Compntittcm f side

-Bidela¥ &d; pl o -1l . Patent. .
N o A e
lsenedsred peodpdranecsion gaad eoaroksigmal DSGENMThe &4¥nd side of the

s et sl sane sapsel o Ll mybe
R PR e R R B
efecnicadn its entirety, describes a preferred storage capacitor that may be used
as the in-pixel capacitor 32. It is desirable that the capacitance of the capacitor
32 is set such that Qpp < QCAP + QED, Where Qpp is the charge handling
capacitance of the photosensor 12, QCAp is the charge handling capacitance of
the capacitor 32 and Qpp) is the charge handling capacitance of the floadng

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
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capaci tance of the photosensor 12, QCAP is the charge

w@ﬁ@o‘i}i»”? capacitance of the capacitor 32 and QFD i s _
dhd %e handl i ng capacitance of the fl oati RgT/US2004/018425

di f fusi on node 22. The dual conversion gain signal

(DCG) is generated by the inmage processor or other

control circuit that is controlling the operation of

the pixel. This processor or control circuit my

i L AP h sensors _or. non-imagi ng. pixel
U B R ARERR R S T OIS LA
trern g RiRY @l cbRferSibANAIn k8al Y, ' §ﬁ-%5 ,
bel ow). [ 0032C] The capac??gﬁ%:tgk gfg ' t%}bé@?a%éacc%%ty%r cr}tsbdow’
shi Dbedignat may e gohxebed Qadiffardht cong dtbehdidggpon the

floating diffusion node 22 when the inage processor
EBPLSAORR 35 BF Yo7 PrBICPRErFSomsA £be SammitobBRY coaried o the

ok G HI ' § £55 t nversi-on gain c rol
ACH b B HEl SRR SHO0 A AL noae 2
twill i titb@r frG@. appEoxiinbtePLCATD @VpansnbpRlifely bR PEG.
signal may be generated at different tines dependi ng
dpBs, diedlonpipii dnsionnadd23r hase seqonef @neacan ginetchitie dual
capacitor 32.is led to the floating diffusion
SORETS0 aLsieR A Gentyah Bhe AUl ROTFFGH BYndrRPRSIGH. As

' d e { nat 20--150 Vie .
e S P S S8 P a8 PR 371G = Yofiverion
jafrf alsdriong dietier 32 cHaBoingediefisioa iRy 51.0n gai n when
the dual conversion gain signal DCG turns on the dual
copversion gain transistor 30. As such, the dual
coERﬂbwogi on F$5n 1 brighidiuseee Bbhenensmeplprcimbedigntoehtha

SRR, T, 9 i B BReL O bl e Vaperifohi of Becpupled
SeeRIRIrathy RIADBSHWIBIS o ddiRistd¥@AhE QRoukd Gachd? than the array

illustrates a pixel 10b _in_which the capacitor 32 is
astah Serply BeltgseYiaa-pig) d 3G, ¢onthersitom piaeinl Qe mnshish ahe

30 and.ground (rather, _than th rray .pixel- supply
\P&Si“&&é‘%v%g- isg‘y%c“ﬁr 32 ?11’21 they ‘ﬁé?? FQPELSIgn Falp Frangwoy A0 are
whi@h btk ON| 0f ist.ar tihe

SR NeLcBoth hAkaal hhclRe hath BRGIR 100),
(FI€. did Mesttaed heitheposhiplanpikd 10uweinFIEeh the pafitlohide of the

pi xel s 10a, 10b). ) ) )
capacitor 32 and the dual conversion gain transistor 30 are switched (relative to

their positions in the FIGS. 1a and 1b pixels 10a, 10b) with the modification
that the dual conversion gain transistor 30 is coupled to ground (instead of the

array pixel supply voltage Vaa-pix).

[0034]  The remaining circuitry of the pixels 10a, 10b, 10c, 10d is
connected as follows. The reset transistor 16 is connected between the floating
diffusion node 22 and the array pixel supply voltage Vaa-pix: (e.g., 3.3 volts). A
reset contro] signal RESET is used to activate the reset transistor 16, which resets
the photosensor 12 and floatng 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 Vi-reset is the transistor threshold voltage of the reset wransistor

8



FIG |d illustrates another exenplary pixel 10d in

W(\é\%qgn]} qu positioning of the capacitor 32 and the
tual” ‘conve

rsion gain transistor 30 are sw t chRdI/US2004/018425

(relative to their positions inthe FIGS la and Ib
pi xel s 10a, 10b) with the nodification that the dual
conversion gain transistor 30 is coupled to ground
(instead of the array pixel supply voltage Vaa-piXx).
18034 | g Gl I Gui LT the pixels 1¢ | Co,
10’:?&@%2%; ggigghﬂié@ eé{'cars ?’%’Igi% o thcfﬁsé:%rré%r@fsml 6 allows the
tloatisg siffirsickbnode ZDANBE taE: REtYESD f @Bl Prape Vaa-pix.
di ffusi on node 22 and the array pi%(%llgﬁgug)l ?3} voTatgggéa pIx
s ipjadvantegepus, Burdiopal esyssary reqesemenont palcrist gvinvention.
ﬁ%@Tuicsé fu{cled to activ]gég the reset transistor 16,

RTS8 Vet HaShHYt v 8HsST 83 coRactieddpithg floating diffusion
doHE 291 M BRHEnR e PBerhiel | Iy véiflee Van-pi
simplicity, we activate t Egé/\grers@?&tg?% letl%Yc(’)l?agﬁV% piy and the

aow'selatt wahdiage2@f Thasowick follbwEeetsistWhES @oNbertsa®8ktored
[ g the tranpsistor threshold voltage of the reset
t:

9825 thy lepnny difoyen nedy @2POTY wS20RAME] B4Rt vbiage signal
t%%i c Icy 0. 7lvol {s. Thj)é. "over %\{I Bg" of the reset
transistor 1% af FaRsehe” 1 fRF PP UPY £ USVoklcqbeigng RS for
s@clfelBssiineting R BUFAORL¥RL tSHBRLY 1501488 Yag . )itagc
This i s advant ageous, but not a necessary requir Hent
signpl¥otd vea tblemomirenifiopixel abrey. sour ce f ol | ower

transi stor 18 has its gate connected to the floating

di ffusion node 22 a IS connected between the arra
pi [I?IQO%Q uppty ?/‘ﬁﬂpieg%{]t%ﬁé’-?ﬁﬁp% 8t threpixglo\Pas@ilee fla) under low

: j ; T r f okl r.t istor ;18 ., .
LRSIt S o AU Bt Pl A o R IR 2hi2R a0 nFIGS.
Badel A2 pontiddi@le6d febeRbn ObE R MRt AL SN @hrinVan

out. The row select transistor 20 is controlTable Py a
PBfFsien«tths pyshl ORSdesr firselight ¢amlitionofliEc Biing titing

f-Ql.l r .transist.or and the output voltage
??a%%ﬁ fgll}f%m%mgo%gfa?ﬁwplﬁlh%@%f a pi xel array. [0035]
An exanpl e of the operation of the pixel 10a (FIG 1a)

unid@sdjow Thidylly, ¥ pewyh Hish RENHEEELHL REHeWMst Rlected upon the
reference to FIGS. la, 2a-2d and 3. FIGS. 2a-2d are
e F apprapsiatcapmestetisipat RS. (Flanféaingodiffalian gode 22
?Plf)l) re‘xgdacgpacitor 32 (CAP) of the activated row are reset b'y the pulsing on
both the reset and dual conversion gain transistors 16, 30. The reset and dual
conversion gain transistors 16, 30 are then turned on to establish the potenual
diagram shown in FIG. 2a. The illustrated floating diffusion node (FD) is reset
to a voltage of Vaa-pix. A first sample and hold signal SHR is generated such

that sample and hold circuitry connected to a column line of the imager would

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

18 associated with the reset pixel 10a.

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

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



operation of the pixel 10a under a first |ight
condition. FIG 3 is a timng diagramof the

W%H@l"é’t‘l:;g)(h of the pixel 10a. [0036] Initially, pthesceworssas
in which the pixel [0a resides is selected upon the
activation of the appropriate row select signal RS
The floating diffusion node 22 (FD) and capacitor 32
(CAP) of the activated row are reset by the pul sing on

O Dot BB S RO PR e
Elceftshst Ar@arﬁsﬁ:r B8 8frdiNfhal T egeRn e ;‘Eﬁl %h%p(_%&% 14

potential diagram shown i'h FI'G 2a. The

{Todt)| wiidh dauses wie charbe s(d) ihshe @feto wrhosfer Meb HBEBIDAode as
A f| rst sanple and hold signal SHR s
@@%%@é’é gEh At{thisPosRiEcef] awaétfam@nrrmﬂq%p (ED) has a low

R o i RS Bl o R A S fion BB

30t r
bt cqa s i SOtk <l g g

ttioe FDghId domt sond clorgt Isimridgﬂﬂgﬁukremglgmk @epssed is [bheand
otent diagramof FJ]G 2b illustrates stored
PRSASE VoA BTh o YT AR HETRRIE By RS iERg TSk pogtnesated such

E@CJ'IE /%%%OO%%%@%ZW&?%O?N&& é%gégfﬁarcglém E5 Y DR

isemplel ¥né hiotthtHeysigmdl |a§t>@c1chH‘witBthc ienbfeAeARhMRA via tansistor
el ectrons. A transfer gate control signal TG tur ns on

8¢ Gaarsited doubbsiampimgimay (R@TYs usitl ©isubanasethet aenpled

A S B R s e
tance

e MR BAg e LRl Ae R U ERPBRCRG ARty g0a

transi stor 30 remains off. Al the electrical charge
i s[Q03&8dst erAfed the SHIIhagkD it ccadt hed Fhilande theasfer gsten@nrrol

Charﬁigfha“ gl%ibec%gg% the | |gm ﬁfﬁ ulragal aelsgavgga&c%ﬂi X
C Ccr c i
§H§4crkt§>f1 Lﬁ"m x@‘tﬁij%@ E egch@?attcé %ﬂcﬁ g%?llhg, cfuai Cig%vcrylon

ine of t I mager’ wou
aaih trehdstbh80TYDEIT) a.aa@mah@sdmvuhtsQapméaaﬁttﬁraaﬁgcmr 32

char e (via transistor

% as shown by the potendal diagram of FIG. 2d. An extremely low signal
on the floating diffusion node 22 (FD) results from the added capacitance of the
capacitor 32 (CAP). Another sample and hold signal SHS2 is generated such
that sample and hold circuitry to a column line of the imager would input,
sample, and hold the signal associated with this low light charge (via transistor
18) with the dual conversion gain transistor 30 now turned “on.” Correlated
double sampling may then be used to subtract the sampled exposure signal
(SHS2) from the sampled reset signal (SHR) determine the pixel signal output
value change as a result of light exposure to the pixel 10a. The image processor
may use this pixel output signal change, the previously computed output signal
change, or a combination of the two signals depending upon the applicadon. In

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



18). Correl ated double sanpling may then be used to
yptract the sanpled exposure signal (SHS1) fromthe
\Vééﬁﬁpéﬁ7?eset signal (SHR) to deternmine the PCR®K2004/018425
signal output value change as a result of I|ight
exposure to the pixel 10a. [0038] After the SHS1
signal is read, and while the transfer gate contro
signal TG nmintains the transfer transistor 14 (TGI)

It e - - . conversion. gain.si | . DCG

e SRS e SO S i s 8gipicn Toae

q2D) ahtiahsi sdr@pledAekiRGESEH SN MG NESW FortRBsion gain floating

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

pﬁ&@ﬁmiabdﬁﬁﬁéian1of FIG 2d. An extremely |ow signal

on the floating diffusion node 22 (FD) rg;ukéipgrom

th ed capacitance ,of the. capacitor .

AT AT S RERY icairiar ohids LR

t I i IR FTAY &N f A

R STy e b St ek ReBAR, WIPIGSTE Y add s

desady giied Matihrdstd and e sidrghbssetiategavitly kige tdsaN&britli@bn are

18) with the dual conversion gain transistor 30 now

ﬁ%‘ﬁ%ﬁé apfeseripgst akgvatvegh refeiepre e Bipl 2ng0nay rc:%(‘tenthg;plxcl 10a
u act .the sanpl ed exposure signal SHS2).

e S B b B8 IR i B3¢ Doty g Reential

RliA@hm e, 49 llRfares\BIHiPeC ?cdalSDQ:a{lgﬁji)gf oo b}ilr]gpﬁght

exposure to the pixel 10a.” The image processor  nay

usposuné.s The X&) clhargpubp=itgradll i bam@erely fidle d b\l €disdng

conput ed oyt put signal change, or a conbi nati on of
tg’?g‘g i1 éw&géu&éa%?-né HYSertgaE epstelenabd G ens on the

t.hi C iQn gain i,mage .sensor ,i s
(BecEBage 5 SARTONE S 45, G LUBSR SSUSRL e e
Febd AbE2A0 4B hao def (FPY as$88620n 3 GOHB] - SR gWish i occurs

hi gh conversion gain floating diffusion node (FD) and .
thsEH1ss shp Fleatg e fandlings caprsparseiR] Wit ﬁoaalngjdﬂmmmem@dco?z (FD) is
i.n.floatin di ff.usi on node . [ 0039 exanp

ggsstdﬁ%n g[lﬁ P4 oI OSH N faP3s RBFe %g'g)cm&é?m&%?rgﬂ%- Samp?c and

iHYl@ BiERall SHIBT iCIPRSHES shch AW 9&@8 Lh 881N Ryt & HIBRGRd to
JgnFlgg. | a, é and 4a-Zc. Inftl 'y, plxéﬁgfggnﬁg tedtoa
reobenn dind of hee shapralwadds ogial eshplé taadthedas elgnal associated _
Cv?'il;:ll%:l Itlgcl s%gurgtrc% 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 pixe! signal output value change as

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

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

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

11



obt ai ned as descri bed above with reference to FIG 2a.

@8&“{1%2? the pixel 10a is exposed to |ight com ng
i mge bei ng processed. The potenti al PCHitsge@mmss2s

of FIG 4da illustrates a charge saturated PD caused by
the bright |ight exposure. The PD charge capacity
well is conpletely filled by electrons generated by

the |ight exposure A transfer gate control signal TG

r t rans stor whi ch
f:tgutggélgc §‘H§H}%§ zbjetv%e‘é}lﬁ R ﬁé § f?VFFFéOEf EYataqsls due
(ibftﬁblﬁﬂ&lﬁoﬂﬂct% {di2hc@gs SR PICE ! %1 g.r ago‘wsg:ﬁc sampling of a

shari ng occurs because the ar ge

éaglaémli welt egosﬂ wien fHeatripig euddi flf)ldiSMQﬂall'BIdSZ 22edfcB)redl.s
ss th charge handl i ng capacitance of the

6? gats ?&P ?mmhesrﬁarktlm@dbc wisHdosdayamhiogiiBe piel signal

g)eﬂﬁ . that sanple and hold circuitry
con ectag\% '"t%o “colum |ine of the inmager would input,
sanpl e, and hold the signal associated wth the

safeo4ifled Shates WhAbYLcKba shArdpSrsd B uﬂsﬁQ lag i d
Correl ated doubl e sanpli ngIg Zi;;fil*t%en be Used Do Lot maer

émﬁht élght cifp@smnmce@pemp@sul ¢CAPY mahst ((BHStfufly eivodehe We
S@ eseth3| nalta(_? to determ ne the pixel

SN ofﬂ N AR déFP’é’%Fithcﬁtoleécltpgﬁlﬁ‘—t
exposure to the pixel 10a. [0040] After the signal is
read, &nd while the transfer gate control signal TG

rapn ai fl@PUléV I ArsitRakgd hatdingt @padify 6TEE) ﬂozﬁmtgrkﬁﬁgﬁon node

state, ¢he dual conversion gain signal

gengilaried, which activates the dual converS| on gai n
transi stor 30 (DCGI) and switches in the charge

handl capacrtance of the capacitor 32 (CAP). Now,

t caa ceofthePDlsI

t(?rg a?' har% eﬁéhn & RE2 IRk ‘rt’tcacr?BeCIB?r FHEEAP) 1s:
floatil drffusr on node 22 (FD) and capacitor 32.

Thi s rreans that there can now be a full charge

tQangf eCdip Waa2PR4A! ¥pR37 ARGHE u&%@@@ﬁ;&%ﬁéﬁcc cb%ﬁ Bthe

fl oating di ffusi on node 22, which is nowa

cap¥@Etos i3aris gitdsen RACke tight Gy addy, ‘?ﬁérc Wlll bc och
capaci tance as shown i n%g(k Th| s Iows 5 aree

shaphg ngdef bright igh chbld)durmdvhcrﬁ Sorsa) ls\m&auiéaieaxﬁiaﬂi@ t&ulting
and hol d si gnal SHS2 1 s generat ed.
image lag issues. While under certain timing applications it is advantageous to

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

not a requirement to practice the invention.

[0042] FIG. 5a is 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 = V aa-pix — Vpin = 3.3 volts-2.3 volts =

12



Correl ated doubl e sanpling nmay then be used to

erm ne the pixel signal output val ue change.
wighah

fzvﬁ order to avoid charge sharing and resDuUb 09018425
| ag issues under bright |ight exposure, the capacitor
32 (CAP) nust be carefully chosen. W define the
charge handling capacitance of the pinned photodiode
to be: Vpin QPD = J CPD dV. The charge handling

i the fl i iffusion node 0 22 (FD) js:
Janeo TRl S SR TS oot S R
[Qillzztlttag-hgi();}(@;Ia 9%%}1{;]2% t 6’>%§( I ongatzk:ig.‘:tX ﬁlélpgéa%aac:l @ancgogg%&f)l i of 50
tfYe’e. cApeus point 3e isignahosmriss mfo (Hav) QRPproxAReHOAP0 db,

t here.w | be Qo charge sharing under bright light
SPIL BrBAGHARIAC IR0 Sineeld hews Hirosigrnl pesoghatddngith the charge
[ : j - N nder certain timng . : .
SBR0E i B hastfeaintls o0 o8 wEER bR Bt Bhfituoniginspnsistor

BDds oapatidead) GehcaEhP Aohrhd Biffikidl X6l S8RACL W ﬁ%acitancc and
ﬁCAP), this is not a requirenment to practice 't

W eARYepLON] i dine Fi0GeflBas idsa athg romypput sligmnﬁt\/?oat ingSt not

I xel si I . Ijght exposyre_ during the operation
B e S RS FRRR, e Mmoo s o
[ t [ | j.at with the char .
LA Sl 88 RSSOl st 08 AP AL LR 0B BP0 e e

coltscrechi B tHRIpdIdL] ARSI AN il 3hv Sn@Edsed THAL7I If @ Rdout
the floating diffusion node 22 has a |ow capacitance
BRECHT §i5- com vaersthsriygainic ranigeecb@ved s ldxidb. tFIat. Sbhie graph

b8 s SERTER 5 SRS B B
Nt e A
low conversion gain (as discussed above with reference to FIGS. 1-4). The light
dynamic range has been improved by ten times. It now takes 10 times more
light photons to achieve a saturated SHS2-SHR ourtput signal. While FIG. 5b
shows a drop in output signal when the dual conversion gain transistor is rurned
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 (5T) pixel 10a illustrated in FIG. 1a. As noted above, the capacitor 32
1s preferably an in-pixel capacitor which may be constructed in accordance with
U.S. Patent No. 6,429,470. It should be appreciated that the pixel 10a of the
present invention does not require the transfer transistor 14. That is, In another
embodiment of the invention the photosensor 12 and the floating diffusion node
22 could be connected without an intervening transistor. The dual conversion

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



1.0 volts. This is a signal (SHSI-SHR) associated wth
an approxi mately 20Ke charge corresponding to the
W‘?F‘I%’é{)ﬂz’g’t ed exanpl e of a high conversion gai nPOT/US8004/018425

pV/e. At this point, the signal to noise ratio (S/'N)
I's approximately 140 db, which is an acceptable
rati o. Line 60 shows the signal associated with the
charge stored in the floating diffusion node 22 V\,hen
th Si 0 al n.transi st IS _on

ot oGP R S0 FitrEioGh ShE eo 3 g i giversion
‘éﬁﬁ&% th8MeerAR HifflspiM SARVES 51 Ak Gk mahhBEabLsLAELE Gbove
t’hat the outplut signal Vout does not becorre sat ur at
aticht teep20 Ke Fi@Se 1ol Thusl, thd iwchowh ¢onvelimied tgal psm:ls
set to 5 V/e then the output (SHS2-SHR) does not
SRRBHRNE a(TrAnsEcs gatemr Fanp(P tRasistas. col | ected. At this
point, the SSNwll have increased to 447 I the

ag@@ d |%n%%ébop%ﬁ%ég§ Fs gra|tohe d rdé‘ﬂ ﬂ%%f

adjedEbads @ %la @egmmmcgﬁt at’ @8 Pikd 1&!&9 nnlafels the dual
floating diffusion node initially has a high

CORNASFISH @ﬂirggansmthxaﬁo p@udet;s@queqh phyorsvf fczrh_:aotmro taking (as
|OMICOHV§Y qﬂl%aln as ssed above with reference

tW&ffrﬂPE%‘ EIfl Byhia sival Comsesivh saisegpsistor 30 i

i tV%ﬂlg?ﬁ%é’? 38’%"3??%5? 2O PR, SEAPL g e e

gbgation \thld grafrlifeor 80 is GN1AWE cant SN dhi®BF BYH FB gnal
when the dual conversion gain transistor is turned

enproxkeatsht $ orVirten cla nhgamrmg)qudheosivglm vculcngmdcs@s are

rat| ded In the e

IS Hg?tr e B h8g‘§ Roh (had YolieR i) apariated with the
|r@s‘é€6f3b1@ﬁont ee %Wbﬁa@qgvaois%&ﬁgé%wﬁ Hfeoe sent from the
required to store the three signals SHR, SHS1 % d
$HBR0schgP403heFlo@ing diffusisst nade32a top view of an

exenpl ary layout of the five transistor (ST) pixe
10a i!Iustrated in FIG la. As noted above, the

Ty Bk iftfed 3 oDl Bl Th0 Copgruced in
a"’c‘&ﬁ'ﬁhnwmtﬁ aﬁ%%n&%gcmgﬁgzgﬁpbmgnm%gh@én%& e pixel 110

the pixel 10a of the I nventi on does no

rieepsenmallylthe tsumn st ee pirdridastiosordedd id FAG. 18, THR pixel 110 of
anot her enbodi nent of the invention the photosensor
19e gHure $BatimfgdhiaTars .otsensgenventonal polysilicon in-pixel

capacitor 132 and any convenrional 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 inventon.

[0046] FIGS. 92 and 9b are potential diagrams representing the transfer of
charge during an operaton 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 ﬁhc low light, charge
accumulates in the PD as shown in FIG. 9a. A transfer gate control signal TG

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

14



22 coul d be connected w thout an intervening

Wbrzgvﬂﬁ'ﬁ%%?r- The dual conversion gain transistor 30
and 1 n-pi xel capacitor 32 would be control | edrPCwush@+/018425
same 13 WD 2004/ 112376 PCT/ US2004/ 018425 manner,
woul d performthe same functions and woul d change the
conversion gain of the floating diffusion node 22 in
the sane manner as descri bed above wth respect to

riader ; he.inyvention is hot-limted to a o
gji% con%rallﬁﬂ(%l%bc %O‘%t}nagn F’OBaﬁoémo:’rl"‘t haf gtown i FIG. 9b. At

tthapsins! dic. 14804406 heke opefah | g a'IBQﬁcJo%Ent hc% and a high
various enbodi nents of the inventionis to set a Usér™e
é@P‘l’Fﬁl% |gémg allreratis hh ehplgx ehaxlueg/ ekcaujhetie héht é\%s&‘é@& low.
gonver si on 1aa_i. n transistor 30 could be turned on or

fifP mdﬁl?% UPEHEKT MPEES et amndincyf thisemagghwould input,

or
canflctahanld dhd sibhE ¢ vVerSi ain_transistor 30
i s gof]c , the coﬁvgfﬁé‘?%ﬁ&%nggﬁorgj;sg"tﬁgo ST ﬂ? charse stored in
applosdogpdifhyiobGode i ®. Chirclie dydblc sHAPURE %ﬁ“ﬁ%@tﬁ used to
e I's

transistor 30 is on, the conversion gain of t
Sspsrmacrie Al signal ovgpur milseoper ati ng mode, only two
voltage levels are stored in the sanple and hold

Ccigapubtry: 1(1) ,a.voltage | eyvel asspciated with the

r e@@t" perg’%i‘%?h ﬂ’e?n%n?%m{’% t%%géwll@%?ﬂ%é’ﬂmna@ed
hbtbstior ¢REASInS SR or to. the .

| oating diffusi %ﬁeﬁo%éet&glf’.mﬁoﬁ%%’t RTRPsion gdin 1 Gesirable.
iibisuis etaeeedabyOMDEs iombygee lpivxabadidce Aosdit ¢ et@didinode 22
?c‘gorda ce with another exenplary enbodi nent of the
UhVerEi B st grin epsister 38 sepatitamed ohp same as
the pixel 10a illustrated in FIG la. The pixel 110 of

the 0'43& ust gated 4§ BB e ng%ﬁe&%%%g}%%Fgfcsi@%n%H& wansfer

conventional polvsiTicon 1n*piXe

afiyhargnderihi analpephiiosfie ¢ixd 120 iMhdheb@hh FiESy fif: 2

lblf_lqgsﬁﬁr}?t e a five_ transistor (5T) pixel configuration,

PPEShOHI e Rpr dbF @il 1 Adies bt ptavansierest i asi séc@lving
ractice the invention. [0046]

bt TS G PR e et Lon, L008E]
tbentulaes irethecPD (FIG. 10a). The potental diagram of FIG. 10a illustrates
a large amount of charge stored in the PD caused by the bright light exposure. A
transter gate control signal TG turns on the transfer transistor 14 and the dual
conversion gain signal DCG activates the dual conversion gain transistor 30
(DCGT) to switch in the capacitance of the capacitor 132 (CAP). The dual
conversion gain signal (DCG) is generated by the image processor or other
control circuit that is controlling the operation of the pixel. The wransfer gare
control signal TG and the dual conversion gain sigrial DCG may be generated
simuitaneously or substantially simultaneously. Now, the charge handling
capacitance of the PD is less than the combined charge handiing capacitance of

the floatng diffusion node 22 and capacitor 132. This means that there can now

be 1 full o . . o e
a rull charge wansfer to the floatung diffusion node 22 node, which i1s now a



charge during an operation of the pixel 110
illustrated in FIG 7 under a low I|ight condition.
WOHEHVHZ® 110 has been previously reset and i BCT/US2004/018425
receiving an image signal. Once the photosensor is
exposed to the low light, charge accunulates in the
PD as shown in FIG 9a. A transfer gate control signal
turns on the transfer transistor 14 (TGI), which

TG

e he charge ored.in the 14 W2004/ 112376
BB 18I0 Bt Al FPEe Pradi fssigance
Thi s WO RhAREEp12% of O HipRFuIs heMRidAL FI G 9b. At this
point, the floating diffusion node 22 (FD) has a | ow

cagacitance and a high conversion gain. There is no
chBP4R] shaft ngtdsedmys ethehigvéritgnt is exop disuiraal ics CMOS. imagers.

anpl e and hol d circuitry connected a colum Iline
g?f “ﬁ&‘ﬂq?mf&% [AURLERRY TSPy B0 REgR s %%‘%‘CHBY%PQ%H@Y dsal

or. I : : hot .
SERGARTRLE FCARRt R o} Sl 08D Rl
Saf¥phucred iﬂ&a}tcéﬂﬂl&ﬁc@ﬁitﬁﬁﬁﬁcx%ﬂlgﬂetc%mdl&chh@f &Lexﬁﬂvcncion._ The

si gnal out put val ue. Lg;g4?] v

: . . with the prior
erd anagent 20 bmctudss  shdhtagmngr 2Fefortshiting lbargse ngort fram a

RGBT e htbe FoRPEVRD. DFht HeigoorTs & Per Gipmed o as
i . Ri ; > (v
GRARRLe A amIld aenLagr e COB) RRFR0t ShhL & ouliE sge 204

068 oistd53.021i0 acapidd 1o khafieafynd iffusitin Sb&YLANE oupled
representing the transfer of charge during an

bparcsnitbn loptns diffisiast nado2? land st supplyavalagEMse 17 a igatte? 06 of
a_ bright. 1ight condit.ion. The pi 110 has been

B et BBTgroF SBu Uk ollo e EBROrRE D Hagee spgatied to the
D5 d BEFRIALASENSOr The BARAFEHoHOr LR&iREE 9% id Ll Yied
charge accunulates in the PD (FIG 10a). The

poetveneni the saprlyvattegs VEt @d hdead P14shd auesuts a sigraj¥ out

t af ch tored in the PD sed by the bri
PP onsins i wOed ik Ener rt ASrerE GIRER S9dhaT. Y of the

Eﬁl&ﬂquﬂs&ﬁ%d_t o225 IS%IIMD%@@ :alﬁé écglgsgapge&lg Ee%cﬁfb%aggr art.

conversion galn sigha
conversion gain transistor 30
[0050] The illustrated imager 200 also includes a dual conversion gain

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

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

16



(DCGT) to switch in the capacitance of the capacitor
wjo32rm$/ ,?),. The dual conversion gain signal (DCG is
generatad by the image processor or other comarals2004/018423
circuit that is controlling the operation of the

pi xel . The transfer gate control signal TG and the

dual conversion gain signal DCG may be generated

simul taneously or substantially sinultaneously. Now,

thaeehatge. . i N9 ,ygapaci tance of  the PD,is |less . :
e B BB B ptE e cafocipige sain
f dapabiling tel tdf GSTPMAeH0E2x ARG GARAGH O vib3ac rIibeSand

nmeans that there can now be a full charge transfer to

t tsch¢gdppriightipkfioshorenode 22 node, which is now a 15

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

no d to.the, addi ti onal charge handlin , .
caggg? #gnce? I&I’h‘r R R RS k’{cﬁé‘ dagHn Y 30@%%(% Ijpgy device 308
Fitlvin e bl h@RRb 25 [OAYASe BRLeS @POVE, o Lhe jnvention

i's not Fimted 10 Cl\/[%%ir?rag:épg‘.&s ]F(Z’r‘q\gx%on%pgf{ct 8 %ﬁﬂmcr
cdpusrel grovgdhnelpiomed PIGES DL 0L MBixEINRRIDINCITRYriRS a plurality
incorporated into a CCD imager. FIG 11 is a portion ’
of! RIEERIRRSRRIR DRgdetesned nimbcd of cdonns and eows.t Thamixels

e enpodinent of . the inyentign. The. I mager
ﬁﬁﬁ%?ﬁﬁ BATY Sprprpn F@&F&l&?c BB 3f Bic VM LRRPYEHRMgadect
| BRUnd ARMpiRcls BRSIASERTL | Ve L nager. 290..
The regi sterc202 ics oftenlair/cg?‘tggerﬂgggt%{tgép% hggg’ﬁ%rr‘é%c”thm'
ch phimbndetrose anfl colenClikrs 28 086vided fotel dh@ire @Frav 225. The
out pﬁ]tJ stage 204 of the rggi ster 202 is coupled to

8 FPALF AgCERvchASH¥RCh By dho 2owHinsk 840 ibaespoase theow

f | | | 22_and _a.supply voltage Vcc is
Bt L) 953 0 A0E\ 05 00 £, UL L OLLRIERIEE, S
t dehiminSdrive2 0B 0Ma SesdpbBscddt @1 eRMNEEEE defoddi®7d | PRL NYow and
di f fusi on node 22. The source foll ower transistor 208

| ©lpmpmdsisess pepieisied fprecasbppkst inaht agey ¥25. and a | oad

214 and outputs a signal Vout corresponding to stored

ché nt f i.n Gdifo§iQ node 22. Aj of the

Ci ?cglg%fy dgglg rclhﬁgg usngs?ra?c‘fl‘sc 8@%\%?&?‘6‘??3@56‘}5‘8?%5 crcut

| 250 hehickloohaBeiddads! deddd@n0d 30he70 Frusieral edd IB¥6briate row

200 al so includes a dual conversion gain -
and column lines for pixel readout, and row and colamn driver circuitry 240,
260, which apply driving volrages to the drive transistors of the selecred row and
column lines. Typically, the signal flow in the imager device 308 would begin at
the array 225 upon its receiving photo-input and generaung a charge. The signal
1s ourpur to a read-out circuit and then to an analog-to-digital conversion device.

Then the signal is ansferred to an image processor, a serializer and then the

image 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 mput device to
the system 300. The imager device 308 may also receive control or other data
from system 300 as well. Examples of processor based systems, which may

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



transistor 210 (DCGI) and a capacitor 212 (CAP). The

verS|on gain transistor 210 is coupl ed
W(gl/b%m%g the floati ng diffusion node 22 and t heCT/US2004/018425

capacitor 212 and is controlled by a dual conversion
gain control signal DCG The capacitor 212 is
connect ed between the dual conversion gain transistor
210 and the supply voltage V cc. In operation, the
dyal . IS i.sto 210 ng capaci.tor_ 212
ar e r&sggc}}él?lo gs?\?\#rtl&g rpﬁehug%ﬁl\sl%%l ST oA aY%l f ReFPBaT g™

dhideH lﬂslbpﬂomdﬁlﬁ&lliﬂ&rﬁbﬁcﬁ'ﬂs I sdro %cﬁH SheaRNVEF %’a@lﬂ:xg@étgms
state e., DCGis generated such that the d

¢te¢ﬂ(gla$\ﬁt6m5ansa§ft wabizgidrssyofdmsandd cnbenst t or
212 switched out of the inmager 200) to a second or |ow

TP ek a5 BT P
s g o i S

BETHAISR0Ad e(hB4H prooiiearoshnnngation if@ngidsser of2he sastem
ca8a0|tor 212 provide dual conversion gain_capability
@w%!@gbtd%@n it pugpius (BSOhidgrice pRGrng imagge

I I 1 f 005 FIG 12
BPlee BPET <REH drBlk arhbraite S BOTRRs PR MO
ﬁQ&maB@é&%  EE1@iRE % Ghn dbh AY c A2 Phd G (RO 1319, AL XELSvel$h 2, and

110 constructed”in the nmanner d|Scussed abbve in
pet at inoeretperiphG8] mkenidy deiviced swhraay RiPpycdisipdiieesl4 and

pl ural i plxel arfanged |n a predeterntned
Rompar gk &‘gﬁ& 36 disneese dpyigePeS may %e@nbgwdu with a

fcfc@ysogzéxﬁaal@ aailli’Ubg.\otuﬁ.g Qgﬁialgi}ogés 50%: Saneqptr%cs% em a single

ow sel ect i ne an éac

getentdd/ ek urnmmmeraicel@l: B8 58 BEL CCDeimaghr or CMOS
plurality of rows and column |ines are provided for

tRRSEMasEuged afy agogdanmgavith any bf Hissillnsteatsé lcadiddmmyts.
activated by the rom1dr|ver 240 in response to row

the .col um ,sel ect | ines e
ﬁbect ﬁvel y act | v %nbmvcﬁ 15D PSPV laga}q;ésrwggdlﬁﬁlgb
E65RALISE dath SR SHMiAHY 6 28hideCOd e/ Bw I crﬁ)rﬁﬁw e and (2)
and col urm address i5 provi ded for each pi t he
highafnlbwell gapacity and conversion gain to achieve high dvnamlc range —

something that is not achievable with current image technology.

[0056] It should be appreciated that the dual conversion gain principles of
the invention could be incorporated into many different imager devices (CCD er
CMOS) and imager configurations (e.g., two transistor (2T), 3T, 4T, erc.). 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 tmings. For
18



[0052] The CMOS i nmager device 308 is operated by the
control circuit 250, which controls address decoders

WO3RBH13%7G6 f or sel ecting the appropriate row andreebddWiisiss

lines for pixel readout, and row and col um dri ver
circuitry 240, 260, mhlch apply driving voltages to
the drive transistors of the selected row and colum
lines. Typically, the signal flow in the inmager device

3 th 225 t
R E B St En S hak SR S i 32 @ be
QUb R sof BadrHegag: Moccgﬁaﬁﬂghugﬂg Ws&ﬁgﬂﬂ% hmcr SHS2 is

anal og-to-digital conversi ice e si

issmpledn gfcar st g ahege cpsiae gas ahd r@searimlstde &rcand
then the image is output fromthe inmager device.
Rtk p e i n tyrpedryvrnd ik persszgoresat t Y piscaimipaiss gesgrared

d. t | d d 30
RBa Uy R e S R0 R Ty Bian Sampte of
Eherdaaeg ﬁhﬂ%ﬂh&%a@ %n% 1:955%805@&1? W@l Lon: (5\9: dgﬁl conversion

other data Tfrom system 300 as wel
paocesseopt. based systens, which nay enploy the i mager
device 308, include, wthout Iinitation comput er

1! WO 2004/ 11 us2 04/018425
@i‘g’@ P “S?Faaaﬁ%z $Féﬂ § §§p@ﬁ% qieﬁregu?rgefcrrr%d
raeefehga; mp QB%ices ovpﬂqfrgsﬁst g&na%%s FURYS r'tohac”c%e The

systens, auto focus syst tracker s

rbbvodesdapaot aod dsysingillustraRgeniSéARidnirZ avhioR a8iiSéLie
and others. [0054] System 300 includes a centra

mbdf‘ccé% &aﬁg%rﬁqd ! aggpof theairescppmygntioat ddowiyd, it is not

bus, 304. .S f
R 01 B B PR B 5 25t
amnek@td QhbddenSUSt R 3 cdddnUsid, L%H sé(nﬂl\ng}é}é?éég&bk, of

an input/output (1/0  device 306 ger
308 prasefrenvadeia éat comeevithih tie: atplmet hubs@P4 gfrchy fslRwing

nor |IIustr |ve udi ng a random access
%Ear‘ﬁ’j‘rc’ %hc(%l\%c C:?f[’é‘ BGX'BPF %@ PI¢SEIt ¥HENOSRe or nore

peripheral nenory devices such as a floppy disk drive
31lforEs] COMRACE cHinkd (CRw %H‘fﬁs@écpto g BrétdBR8 by Letrers
devi ce 308 may be conbi ned w ’

Patent of the United States is:
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processor, such as a CPU, digital signal processor, or

m croprocessor, in a single integrated circuit. The

i mger device 308 nay be a CCD i mager or CMOS i nmager

constructed in accordance with any of the illustrated . . . __

enbodi nents. [005 5 ] Thus, the present invention --~7"%"Io%

provi des imgers with (1) high conversion gain and

sensitivity to achieve excellent low |ight performance

and (2) high full well capacity and conversion gain

to achi eve high dynam c range - sonething that is not

achi evable with current indgeAiMShnol ogy. [0056] It

shoul d be appreciated that the dual conversion gain

principles of the invention could be incorporated

i nt o manyAWiniser davice.wagerisutevi ces (CCD or CMOS) and

i mger configurations (e.g., two transistor (2T), 3T,

4T, etc g..The principles of the invention may be

uti | i ZeRoHineriEpyon regian, eonmeciednie reseive steed eimrge from a
ph&tb§ASHWE Gevikd: s8goul d al so be appreciated that the

invention is not limted solely to dual conversion

gain principles. That is, a floating diffusion node

coul d dércuranntaitotsti ditlakihplerrdUs] re6RRVELS l:ﬁ’&g&'ooiding said

transi stors and associ ated capacitors to prOV|d the =
ﬂ%‘iﬂt&dﬁﬁﬁ@% FIERVEh ahlsass aduahcoryesidthenn swidchmblwiRtse@Nfirst and

i jof e ired., And. while .the invention has been

secffd Dimisksiord S il i Mot & camipieslgment anpg dual conversion

gaidisavisciainy efeh(Gar, 3dididual SorROS/IDYAn tWidSSe AbREAt tdild 09S:
_For 18 WD 2004/ 112376 PCT/ US2004/ 0184 exatrr%”gg, olled 1o
dis¢ape sgigrrapeciayptipmant 6918 seiddlaation diffilsicawsgioheuch that said floating
difS8RAGELiON haZhb NS0 Lhat there is charge
1. shari _nﬁ dur | ng@iéﬁg%mg%%%ﬁ’%%duﬂp g@rérgﬁig%ufls co ‘fiﬂ‘gﬂl &gyl connect
said prpatitiansfeerengatsid fomingeifya6s r@iorgRich R dail 8R@ting diffusion
mo&&gﬂﬁkggtgs a@ﬁ si mul t aneously turned on and all
Snodes ar e PedBt CORYRIrYoR Baig; & sepRnddihifiag corditipye
and prevents |ag issues in the next readout frane.
This s anecexaspl .ternative timng. that has
benefits in FER B or Bl AR Y TS CBIPFL fsshange the
firsgednyersomcgt 10 thO8&Bhd Thevepsion @aimendas Sha@¥ kke&cond conversion gain

<

gegcribed above illustrate preferred
to the 1irst conversion gain. .

3. The imager device of claim 2 in sai I iffusi i
) g vice of claim 2, wherein said floating diffusion region has a
tirst 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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net hods and typical devices of many that could be used L-9YDWISE
and produced. The above description and draw ngs
illustrate enbodi ments, which achieve the objects,
features, and advantages of the present invention.
However, it is not. intended that the present. . o
velt 1 e bpad Aeties §T IR 1 e Tan HE BB degE ppayitching
elem@fds allahdisbf e ErhadiiventGenAnY camdihi. 6@l inansistbhio uefected
presently unforeseeable, of the present invention
berweprasaid Saeiinaifinian raseonsp pifirsagEnSelo} saigfcaparaior. and a second

f | | al. gdered part of the
tﬂn%?%égﬁ@ygﬁeéh?fgﬁyﬁFgggngswggnﬁgg%fained as new and

desired to be protected by Letters Patent of the

United StatigSeéSdevikd o€biMinVE wilsrefibald@@etonderioain switching

conprising: a floating diffusion region. caonnected to )
elemeatiiaENSIEOF apc SHA FFECHVHRFRCT DR SCBREHST- 5Pid FapBgpTis connected

bemae@xg sdld %ioﬁt‘fﬁ%ctlifﬁg’lgﬂ ggztl&gaﬂa% 33 gn%ing%f Ak &ipgcfitldﬁiagﬁl a second

region, said circuit  providing said floating
termtndl biisdid varaegoran covrtehtedito 4 gmehd aownaidl. conver si on gai n
swi tchabl e between first and second conversion gains.
said circuit conprising a capacitive element and a . .
dual Eonleerizagar ogyaierd! SRR enVVRETeH Sifefual canyieriqp a(n switching
clengﬁﬁméeartﬂnggtcg%g sﬁWcﬁ&a!Eitﬂfg eRhfeENRL, ?ha%r,%gﬂtcrafgzllclit%?i,stcgnnected

sconnect sald capacitive elenent fromsaid oati ng
bervkeh fsaigifmating gifdmicauredion hata 8wt sovrtdaimigrmighlfof gaid gransistor. and
regi on has .the first conversion gain rin firs
« DTG EUNA T DN BRRREe comielied e 4 Siboft 18t
el enent to said floating diffusion region such that

sai d §| @ft A% AuEfiksShiaim e Ve Bliaiiis bherS6¢eaH switching
conversion gain during a second Lighting condition. 2.
eleri¢re 1§ nugesiatenil celdoapasityie riemenh &r e¢apagizir dsats gapalitor jsonnected

ben%ge%tsﬁlgil flloea%ng %iﬂ%%}gx%gigﬁ Gnd { hfs? E%&QQ&% {.e%mglaclr aitera}xglgtor, and
sécond conversion garn and to change the secon
a seeomyeusdenitagatiminiiof thié rhisisor isenymwcsidon a gaiund pBientldie

i mger device of claim2, wherein said floating

di ffusion region has a first capacitance associated
with the The SpagepATErst GHigdi Whersah sri¢ apety 1f pomarolled based on an

amBleft g?ﬁt)retaacﬁal%e detected in said device.

11. The imager device of ciaim 1. wherein said imager device is a
compiementary metal oxide semiconductor images.
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 1s connected 10 a supply

voliage of an imager pixe!} array.

14. The imager device of claim 1. wherein said circuit is connected 10 a ground

potential.



second capacitance. and a conbination of the first and

second capacitances is associated with the second LiOYDWISE
conversion gain. 4. The inmger device of claim 3,

wherein the photosensitive device has a capacitance

greater than the first capacitance and | ess than the

conbi nation of the first and second capacitances. 5.

The imager device of clain1) wherei n said dua

conversi ai N switch a_transi

havi - gsreeges et B0 FetBron Bt St aBRy o flowine
diffig@inregion Wit moi thitaiwo cddvéNiohzains6. The i nmager device

of claimwherein said dual conversion gai n sw tching

element is a transistor and said capacitive elenent is

a capbﬁ:u tlowe imegérdicyicans Fistor. fusth@rmﬂmtsex@g sapgtigverehhold circuitry
for sam ng anc?ﬁol %Irfe eusnlcglgu 1N Lalltl e erSt ger ntlns%'om said

pd tapaci BREHEY PRI SEneLpigP

ﬂoaﬁﬂ@@@ﬂub@ﬁmgﬁoxﬁonnect ed to a suppl y vol tage. The i mager

device of claim3. wherein said dual conversion gain

swtching elenent is a transistor and said capacitive

el emeht. 4% CMOSpasgdr prxel. saingrisinansi stor i s connect ed

between said floating diffusion region and a first

termnal of said capacitor. and a second term nal of

sai d eapHeseRy fpraceumuisEn@ otes chayes) | r ound potential .

8. The imger device of claim3. wherein sai d dual

conver si.on. gai n sw tchi satr tor
Soru Bistion etoR ohfenuite e RTL chaBe bl e bR ende saic
diffhSorCRBIHaGEk e afabVRANersidh daint @&t i ng di f fusion regl on
and a first source/drain termnal of said transistor.
and a second source/drain term nal of said transistor
i s com ncﬁo/bstbrt smiraalswmgl cy'/rcuio bdzrageted 90 saith eiiffumgmevidavsiadrb
ere onve switc

conirgift Rpmaleg e v et R T Gh R ) B Sty ki B go the

secéhdCdR A& Eibe kainSat Go cigdac tHeGecdnd dB)ﬁﬁé’tQ@h edin thehe\e8NcERiethion gain.
floating diffusion region and a first source/drain
said GNMETHIQR 2ain adigTIRS £ITCGASGOSRIEISINE AfdPag U ke elgmgnt and a dual conversion

gm:?%‘i&ﬁ(od&é’rhéhtt ﬁ'icn&mlcorgfers‘?&i hi E@H&hﬁ«t Olerreft W&ﬁﬁl%ﬂed 10 -
to a ground potential. 10. The inager device of claim

discbpnesh eié capasaivd etsimentfromi idabffusioh Fesibrharst dhaynaidiffusion 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
ger T ; p

photodioae.

20.  The CMOS 1mager pixel of claim 17. wherein said photosensor is a

photodiode connected to a capacitor.
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anmount of stored charge detected in said device. 11.

The imager device of claim1l. wherein said inmager LoOVD wisE

[ [ [ i conduct or
device is a conplenentary netal oxide semc _ _
i mger. 12. The imager device of claim1. wherein said
i mger device is a charge coupled device imger. 1
The i mager device of claim1. wherein said circuit is

t fian,imager. xel .
rray U The ) e YR R R i Btk s o
phoc‘?ga& it is connected to a around potential. 21 WSE
15. The imager device of claim1. wherein said ci rcEl t
provi des §4l \/E ating diffusion region with nore than
two conver St g:hé IW§°erllB‘elﬂf@lalmdgewhdxem cxd @howkés® is a
pholgcohdiidirer conpri si ng sanple and hold circuit rly _ flor
sanpling and hol ding a reference output and multiple
pi xel signal outputs fromsaid floating diffusion

r egl oBd3. 1The @\M@&Enhi@igﬁiel BT%E m P‘D%ﬁ' S n déiafﬁlgon region has a

nsor for accumrul ating stored
fus%agéﬁia?‘%asﬁ%‘@?‘% Witha desiednyersioe geiny it E@p&hﬁ&&?ﬁr&{&s a
Han [ n regi on having a
Seccf:dg;b\?gr Si oﬁeeglzc? %1 Cor?l@ ztalogon @SB?P F?Pdaqapéiﬁlﬁ@ges is associated with
L eEqCP’é@JPQnV@@mmegaumd to sai d diffusion region, said
conversion gain altering circuit being controlled to
change the first conversion gain to the second

conveti oﬂlegcéM@Samdagteo pos‘reangelainhel 75%@1@;}1 &Q&Iég&gk&go r has a
did &1 rst. conver.sion gain. said conversi
Capﬂgfﬁhag? Fer |edr119 0F s EPRIHPFE %?%@S%thmdmmmaat&irﬁdfﬁﬂé first and
Secoad«tamcdamjes conversion gain swtching elenment, said
dual conversion gain swtching el ement being

cont roI led to disconnect said capacitive eI errent from

sai d i fffmleb‘riOSegla@ar siehoft g &I Whdtifd ﬂ ersmn gain
a8s Elggl BﬂE% conversi.on gain during a flrst
Swucon%l tl gn 1 grag%lm?é Vlgg'acga@aw@mt? ® receive a dual conversmn gain

control signal.

26.  The CMOS imager pixel of claim 17, wherein said dual conversion gain
switching element is a transistor and sajd 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 potennal

28.  The CMOS imager pixei of claim 17, wherein said dual conversion gain
switching element is a tran51stor 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 10 a supply

voltage.



el ement to said diffusion region such that said

di ffusion region obtains the second conversion gain . ~ures

during a second lighting condition. 18. The CMOS TTom s

i mager pixel of claim1 17, wherein said photosensor

has a first capacitance and said diffusion region has

a second capacitance that is |less than the first

capacizbangge ChNos The VL, pager pixel of claim17,

Wwher eiln sai d phot osensor 1§ & Phot-oisHs saiggiuaipaversion gain
SWIEhDS qleragrers pimedistof and @iidRabheiMBeISidy: Sai - : .
conggpgo?_ﬁeq&sor i.$ a gi:;?h t odi ode connect ed to gapgg'boét‘?all%Fz}pacnor 1S

e e g g%- ng¢gieh andre first sewer/didin Sinthal of said
tranpisalr GRENSREon S srcdAlOGaL; . The CMOS i mager pi xel

of. claim 17, wherein sai gﬁlgﬁlo oKLY 15 connected 10 a ground
POISW8t oconduct or. 23. The CMOS i mager pixel of claim17.

wherein said diffusion region has a first capacitance

associ, teghvﬁﬂ %he first conversion gain, said

capacfti ve' el gtrentmages pael gbelomm 12aphatinahe first 38k edsion gain is
used durirignat 1kt 0hHndilgnd 4 d second .capacitances is

associ at ed” W th ?%5“?2%%%08%%\6%?% gy githusedluripp dright light
CONGNPES. i nager pi xel of claim 17, wherein said

phot osensor has a capacitance greater than the first
capacjtance and | ess than the conbination of the first

and Slecolhe (s imagec pixel Qf&laﬁh@?,@@eih@_ﬁiﬁgonpér%‘i%h.oglf altering
Circtﬁtﬁ'cmﬂ%ted"waea{s%' n,.sai dodugl conversion gain swtc |°ngﬁl =

el enent 18 & tT RS Ygeen {1} HeResT gixcbarcnnect ed to

recei ve a dual conversion gain control signal. 26.

The QYOS THIRAGO P f claim17 erein said dual
. gonversion gain SWit %ﬁl ﬁlg(lfg AREht: Wv@reéntsi‘lﬂﬁgﬂ‘éqf@ﬁn gnig altering
CIrClRIs §orRastedite iavaowldepreaitial.s a capacitor, said

transistor is connected between said floating

di ff usi ORI m%g and a first termnal of said
capaci’t or';*® ImggetoprIcitadcidimal 7. dtrtismicomeaRas kifplels$id hold

circiPN R Gh@giihO afk §M9fygya r\é?érénac%%utput and multiple pixel signal outputs from
said diffusion region. A

34. A CMOS imager pixel. comprising:

a photosensor for accumulating stored charge:

a IIrst ransistor being conrrolled 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 charee from sajd photosensor

throu . . e .
gh said second transistor. said floating diffusion region having a first conversion gain;

a capacitive element: and



27. The CMOS imager pixel of claim1l 7, wherein said

dual conversion gain switching element is a LLOVE S

transi stor and said capacitive elenment is a capacitor,

said transistor is connected between said floating

diffusion region and a first term nal of said

capacitor, and a second term nal of said capacitor is

connegct d to a

pi xet thy; Gt 9”}) o er e%: n saﬂagozgélgl m%g%?/er 5 %r{nﬁ%gs?i{d
capacietefdthdifl s@ldﬁtﬁ’i&ﬂttrahﬁstar beimnsorsiodied acmdorﬁﬁbufisa(rﬁmad:ltmwelemem 10

el enent _is a capaci.tor, ?Id ca acitor conn

said B ERB RS RACFPBALTNGS AT PERT L POy Breugh L Rt diffusion

remoﬁ btafrs glagfegét@ Jo8848 oV erSibn $&indsaid ’E}ﬁﬂﬁﬂrﬁsﬁ‘.’ior R Antrolled 1o
second source/drain termnal of said transistor is

disconmmengxid eabatviva ekuppt sromseidt fiapeing 2 fusidreregivinSivrirg gesecond

. i xel .of claim1 7. wherein said dual conversion gain

lgh“E%FWE“ iHy el enent is a transistor and said capacitive
elenent is a capacitor, said capacitor is connected

bet veen -sai @N{dé)ﬂ'ﬁéolaﬁp&%‘lfcff UHiRS 4, SRy 8d c?pafc fv%telement is

sour¢e/ drai i term na sal transi stor,
furthereoapidd soapgpldrvaiaget er m nal of said tranS|stor |s
connected to a around potential. 30. The CMOS i mager
pi xel of claim17, wherein the first conversion gain
i s 86edTHUEMIYS IMBIEeT PRt OfchHE 14. SHisTaan gaie KaPacREBRiFment is

curth SOV ELS | ed during bright Iight
& ?ﬂﬁ egé%%(é%§fap?%nH%gﬂls i mger pixel of claiml
wherein said conversion gain altering circuit is

connast egyd eMOSHARY piel §RgRn0la AihdragRpripine!

array. 32. The CNCS'lnager pi xel of claim17, wherein
said conversion gain altering circuit is connected to
a gr aypchbndaiapmtiiiad eleryerB3andThe CMOS i mager pi xel of
claiml". further conprising sanple and hol d

circuitry for sanpling and holding .a reference out put
and mfptlﬁﬂprrén%ﬁt&reqougﬁegr‘i’é‘l‘”%&ﬁ%ﬂét@aﬂP%ﬁﬁfﬁ%ﬁnde%‘PP i second

capac%g fmertt salﬁ NS ATTRAR e R X8 hro BRI dofihd¥d 5ai second capacitive
h osensor for accunmulating stored charge; a first

elenteﬁamssa]sitfnmnbe diffpseoregioh el tha Saeisféqatmalddfﬁpﬁlweﬁe"lon obtains at

least a third conversion gain.
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

t9
N



a second transistor being controlled to transfer the
stored charge fromthe photosensor: a floating LLOYD g
di ffusion regi on connected to receive the charge from -
sai d photosensor through said second transistor. said
floating diffusion region having a first conversion
gain; a capacitive elenent: and 24 a third transistor
coupl edchHRtMEeR| SR ' di f f.ysi on region and
Hagg%gf c%pgf%tive eﬁeﬁ%hgaié%%@ePH@H&Hﬁpgﬁgﬁgmmmnbeﬁdghﬁd
-Of19eaITe Hagwsiprebting adrtralRIAE cbinke; & t.to said
ﬂoﬁﬂhga&ﬁfﬁgioﬂirégjﬁﬁi on regi on during a fi lrialtlde | %ﬁlt”ivﬁglemem to said
condi 11 on SUch: { WARE A4rY lighbng condivor fuskiten saideiaghe diffusion
regast ehtams at leh®askedhd@ROQL: LY Ersi.on gain. said third
giskransi stor being contro??gﬁgg%LS@F§E%%Hé%¥“@%@%mgConHonim
ISEARIES id epatiBhe plemenofromaiatt fib@atal i, db ZLAThA SO
e =

lighttiHol ddgdRjogecond lighting conditi on. 3b. second
i mager pixel of claim34, wherein said capacitive

element is further coupled to a supply voltage. 36.

The CNWOS TRBAMOBIXEheAf. Sl @i M.34, wherein said

c gﬁaci tive el ement s Iﬁétaﬁéﬁl@oﬁpl‘*’é‘reﬁwa&d trimiurebsistor is further
COUBStiénfisapply Ipltagkhe CMOS i mager pi xel of clai m 34,

further conprising: a second capacitive elenent: and

a fouré h ﬂan%i séor coupl ed between said floating

di ff uston ehivén HRAZE Pik] éclaid 389&9@:@1n@a¥&h%‘%§$%mr is further
Couplaﬁ‘f’oﬁ%tﬁlgpbfeﬂﬂiﬂ stor being controlled to connec

sai d sécond capacitive elenent to said floating

di ffusion region such that said floating diffusion

regi oml.obtiad O$IH imdd ird_ conversion gain. 38.

A CMOS i mager pi xg?.g%gghn%?f)é? Ay *‘gv Fovamwmef or

accumul ating stored charge; a first transistor being

cont r ofduettt tamsis@seingsai d pi xel ; a second transistor

being controlled to transfer the stored charge from

t he 2Phot odsenso_r_;

second capacitive element coupled between said floating diffusion region and

sai . ) _ . )
d fourth transistor, said fourth transistor being controlled to connect sa

1d second capacitive
element 10 said floating

diffusion region such that said floating diffusion region obtains at
least a third conversion oain.

42. A CMOS imager pixel, comprising:

2 ph .
photosensor for accumulating stored charge. said photosensor havine a first
charge storing capacity: )

a nrst transistor being controlled to reset said pixei;

2 diffusi . _ :
ffusion region connecred to recerve the charge from said photosensor, said

diffusion regj 1 I I ..
gion having a second charge storing capacity different from the first charge

storing capacity. said diffusi 10N havi i
g capacny. said diffusion region naving a st conversion gain based on the second

charge storing capacity:

a capacitive element; and



a floating diffusion region connected to receive the

charge from sai d photosensor through second cLOYD wigs
transistor. said floating diffusion region having a

first conversion gain; a third transistor: and 7-5

LAv~, ,1 c= a capacitive elenent coupled between said
diffusion region and said third transistor, said third

transhsé@hd bg I 0.C ct sai.d capacitive
el enent to saih%go?%!@n%%g?#fsﬁlsd?%ﬁﬁw%ireighorlj 14! gppacitive

clempentswid segend mapstsomdietrigannsoithi tohdhngakdd EhRaMVA% lement 1o said
dﬁﬁﬁéﬁﬂ%&%% Crﬁ%ion ohtains at | east a second conversion
galn,:saia'? F R FERSIooB0p @PRESEghtrd shargel stoang capacity and a

secalidsoaMTSioh gsial FsGRRAGE thiVE 1Sk nd LOMRai d floating
di f fusi on region duringla %ec%ﬂ%gﬁ$ﬁﬁﬁg%ﬁg condi ti on
39. The CMOS i mager pixel of claim 38, wherein said

t hi r d41.r alsi GMOIS inmgbupitbiest clatMul eeteth %j(?blagﬁgﬁﬁve element is

I 40, The i mager pixel of claim
1hn%ﬁ§?@?%j%ﬁ?%mpﬁf%ﬁwg?ansistor is further coupled to a
ground potential. 41. The CMOS i mager pixel of claim
38, faut ri.sing.. fourth transistor: and a
o o R A ST HhFRaE Carative Clement i

second capacitive
further guriledyiodi grbwsd pnentegyi on and said fourth transistor,
said fourth transistor being controlled to connect
said second capacitive elenent to said floating
di f f usy oﬁheefdwgﬁ imggér nikeltof shird 42| foatdrrgm@tikihusi on
region obtains at Ileast a third conversion gain. 42.
i.xe conprising: a photosensor for

A‘Chg§ekn§ﬂer $ |,
accurmii ST hGPaY BYete®Aar g8 sai d phot osensor having a
first charge storing capacity: a first transistor

bei ng, ©RH/ Ly .gset sai d pixel; a.diffusion B
regi on qoﬁrﬁg%%tgg“{u 1e¥a20§ g‘%“?/eé1 FHk 1@%{?@&?9%%&?%%0“‘1 capacitive
clemgho 638 dribiransisair deingi cohusil@intoroegh@n stidvédddd 2asRFARL lement 1o

. st.orin apacj ty different fromthe first
said gﬁg{sg)gl region such tﬁat said &ﬂv“fusmn 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 conversion eain based on the second

charge storing capacity;
a second transistor; and

4 capacitive element coupled between said diffusion region and said second

transistor. said second transistor being controlled to connect sajd capacitive element to said

.|

—_—



[ apacity, said diffusion region having a first
iggcgrgignpgainybased on the second charge storing
capacity: a capacitive element: and 26 a second ST s
transistor coupled between said diffusion region an
said capacitive element, said second transistor being
controlled to connect said capacitive elenent to said

[ ' ' id diffusion region
s U AR OLO0TUER LR B2 0, LTSl O 1001 O ety and s
seunﬂnmevatmnggﬂMﬂm&ﬂ&EQwQHu&B@ngggﬁﬁnggﬁgﬁv§torang
capacity. 43. The CMOS i mager ~pi xel ~of" clai m 42,
wherei n said capacitive elenment is further coupled to

a suppl-y Vsl €Hl§es indaer pixel 6NDoind 18 GeHerdth X8H 0ol Blr¥stor s
mnﬁﬁco%ﬁg in salgﬂﬁaga0|t|ve elenent is further

coup ediﬁg“%mg}o WCBOtentlal. 4-5. The CMOS imager

pi xel of claim42 further COUPBISIng;is?ofeggﬂgled

i i . T L a thir a : o

borneth sard” R maeBhSEliin s Heis BB ransistor s
furt li¢d wer greledrpmtntigai d third transistor bei

lfgﬁ?fgﬁled to connect said second capaci tive el enent

to said diffusion region such that said diffusion

r egi dtf- obhai(AYOStimagerspixel dfhiaich oMvBESIPpradd.  46.

A CMOS i mager pixel. conprising: a photosensor for

accumul ati ng stored charge, said photosensor having a

first® MERGARUSOEGPing capacity; a first transistor

being controlled to reset said pixel; a diffusion

[ [ the charge fromsaid
phot assF BBy AgreriarBirrearon S%B\i\ﬁiiffgsifap supondh sid i
{ It dhgi ot j the first ..
Rl g ator | o Be b e Bhn e S R Pagi BRtsies sigment o
said gi%pipgtreg;i@m] eahshersaigldiffubias ection obtaiis SeRANE thEBRb&Rrsion gain.
storing capacity; a second transistor: and a

hti id diffusion
capacghti ye enent coupl ed between sai
regigg'aéd:§§ﬂams%k%ﬂﬁP“$ng

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 sajd 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.



transi stor, said second transistor being controlled to

connect said capacitive elenent to said 27 diffusion

region such that said diffusion region obtains a thirds .-~

charge storing capacity and a second conversion gain o

based on the third charge storing capacity. 47. The

CMOS i mager pixel of claim46. wherein said second

transisst o Jurther coupled to a supply voltage.

48. The o ?ﬁSéS%r ‘?‘61”9@& ‘g*FCYE*FléPWZ% COReatien gaigas esed during low
lighg eqroimibrtsraad shesieobnd Sonvetidhes; Rl adnt oL ound ..

potential . 49. The OMOS inmger %g%éxel %#13’ Bﬁqﬁk?[r%gﬁ%co“dmons'

further conprising: a third transistor; and a second

capac?ii vEhelmsgenof doiuplsedwhelenean sidhudiofi-fiHs hol, firs
Capgcg[%c%nas Org:da[scgi d trlé'i ﬁd transistor, said third

tTansi st orep ?Nhtat OHEF EPVEEF e dBraECtapsdiide slenendhas a second
caparapeel indvec®hsi ' [ ion region such that

sai d diffusi ,on@é%? %ﬁthgg"?éégﬁg Sé‘{"%ﬁé%%*%c“ég‘teﬁilsr%ﬁsomated with the
SecolgrORYSTIOM SR n.  50. A CCD i mmger conprising: a

register for inputting and outputting photo-generated

char ge, di.ffusi on regi on, connected to receive the

phot o-“gezr:g_iﬁdfr’élgercﬁaﬁl?@@ T4 ovheran d regiggi dtaege sterivigeapacitance is
greathr taush®Arst 841 ' gfirst copversion gain: and a

conver si on S%?agﬁg%ékpg(géégarnctﬁ? fOIBEWﬁ(é‘&‘i %ﬁthte 3@}@1@ second
Capagiigicasi on regi on, said conversion gain altering

circuit being controlled to change the first

conversion gain to the second conversion gain and to

chang¥- t Hae smegnof clames & vdrergaisaidtdual fgvEislohteain switching

(ARSY in. said conversion gain altering

e B B AP Ta 1 Bl ABARIS (pces brival suveasidughin control
signgjonver sion gain switching el ement. said dual

conversion gain switching el enent being controlled to

di sconnect said capacitive elenment fromsaid diffusion

regi 6A- s db&a impgar of giagm di . fwdsikcn Sii&@b@\lr’brsibﬁfiaihhiﬁelfiﬁé Sitcuit is
and

[=d

oLy 84S ' rin irst Iighting condition
“on connecstéa ggiag%ﬁgg?ﬁtaggCé‘freﬁgﬁrlea?% I 331 dewies. usi on
region such that said diffusion region obtains the

igﬁ SF?I g‘rI]’Hé/ ﬁﬁ%e? Bf cfh nS(f:i Whefi9h &8 gggnc%nl/ér ig}l Iggl‘% switching
element 1s 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.

. . o o
>7.  The imager of claim 30, wherein said duaj 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 eround potential.

58.  The imager of claim 350, wherein said dual conversion gain switchine
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

d second source/drain terminai of said transistor is connected to a supply voltage.

29



51. The inmager of claim50, wherein the first

conversion gain is used during low Iight conditions

and the second conversion gain is used during bright

light conditions. 52. The imager of claim50. whereiZ wizs

said diffusion region has a first capacitance

associated with the first conversion gain. said

capaci {4 veTh%Iierrent th?S a_second capacitance.. and a

conbi nati on oF BHL 148 SGndhaseiaord dapemivesnaesain Switching
cleagaoBGiaataiswir bhd tHE a6 er si.on gain. 53. The -
L dmager. of claim 52, \/\%ggg{é%legg%\e{gﬁ asfaéjramg?{afadgcgﬁ%lftPWg connected
et@&ﬁ’géﬁi@ dReeng gifugioaatgon tinhn fitd@orrié/Bairk APARIA BnEd #98%istor, and
2 skshs shlanaliie gDl nation of _the first and secon |

capaci t ances. : G FHGETOTgF commgred 30 2 ererdgionential.

sai d dual conversion gain switching elenent is a

t ransigst omHhaui yconnected t.o receive a dual
conver si on gg?ﬁ%&ggﬁtc %o %O;c,.&g%rﬁw.sasds‘flr%ﬁés CoRfysredde a supply
voliaesi m 50. wherein said conversion gain altering
circuit is controlled based on an anount of stored
char ge detrgx(::]t ed in said device. 56. The inmager of
cl ai m*80. THhEReR o5 elatm d0avhereimveidsiinnitgatchriewich 66 Bbund
pot&t@ent is a transistor and said capacitive element 7is
a capacitor, said transistor is connected between
said floating diffusion region and a first term nal of
sai d eapatThd @k - termmnpal. of said =
_capacitor is caogﬁﬁglg%%g% tg g’qgtgegedﬁﬁ? CVSF’EQ@%YIC?‘@ﬁaIdﬂ@USIOH region
with mQrthan fwe eoriversioy gaer ei n sai d dual conversi on gain
switching elenent is a transistor and said capacitive
el emsgi Is a capacitor. said transistor is connected
bet weéh S%?bm?geééﬁt‘ﬁge ¢intinesigon regi on and a first
term nal of said capacitor. and a second term nal of

sai d ggpagciLor s connected to a ground potential. 58,
The | ng’gegésélg ag({i aim 50. wherein said dual conversion

gain switching elenent is a transistor and said

capacdd @il RRRRAL1d S acitor, .said capacjitor is '
can nectlgke%é% bet ween léscgrllé?img i’%gu C‘F%go %fi“?f”i%?"ﬁﬁn Sl iB1agmgdlevice
comgrifing § pixsbamae/aticastvnt gixel bakai@frsRtsmbhansi stor. and

a second source/drain termnal of said transistor is

connected to a supply 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 eain

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

has the first conversi i ing a first lighti it1
1sion gain during a first lighting condition and connect said capacitive

30



29 59. The imager of claimb50, wherein said dua

conversion gain switching elenent is a transistor and

sai d capacitive elenent is a capacitor, said capacitor “=Z¥3iyisc

is connected between said floating diffusion region

and a first source/drain termnal of said transistor,
land a second source/drain term nal of said transistor
elepgnio saidcti Bebidrore fiog QAN ARl LB &on (89, Fhe i mager of
oaiflfil;M B0, wherein said cich?%%?gﬂgggﬁghtgﬂnigﬁ econa conversion
S UpPIS 2 STOPY dginggpndivpe i mager of clai m 50, wherein

said circuit is connected to a ground potential. 62.

The i nagemryofy j ~Wherein said circuit provides

sajd diff uﬁ?%ﬁ 9?’2%?%%% Vi O ERBF 1€ RAGTOYeREPT d8h e Erss icamacitance and
sl ﬁﬁ%‘-onﬁi%lowﬂﬂarmgmd aysiiefte ¢RMPNdsSHAR the stpcraggc%;s RE -

and an imging device electrically coupled to EYR

proce%gorT,said ina?Lngﬂdeyice conprising a pixe

array,at ' FMeRSETONSIHMGE! Worrambad pineyned DL piidtoded

phot osensor for accunul ating stored charge, a

di f fugkon QR connected to receive the charge from

t he pﬁg't o?éeﬁ%g{rg?] %Ia‘i? o 6§| PPEETOIG pRfitesanteas awposodiddesdonnected
10 acgpaetosi on gain. and a conversion gain altering

circuit connected to said diffusion region, said

conversiop gain altering circuit being controlled to

C hangg "t heSFFem sinmrtsi vhegai said shoidiensos 8GO rogare

conversion gain and to change the second conversion

gain g _t{y%éghggﬂfg nversion gain. said conversion

gain altering rredti e3nPrFehidphomsersot iswaephotoemdiicior.

and a dual conversion gain switching elenment. said

dual 6DNVE{eSkabmRRis Wt Gh el enent bejn

controlled to discgﬁﬁggi&ggggl%gb ifﬁ%gkgﬁéﬁﬁﬁt from

said diffusion region such that said diffusion region

has tHe fihesystonmyelash 68, WikBirtkid MGy & J"ct:@t et ghti ng

condi ti on and connect said capacitive 30 el enent to

said diffusion region such that said diffusion region

obt ai ns the second conversion

1 ~ - -~ 1 . . e~ L
71.  The system of claim 02, wnerein said diffusion region has a first
capacitance iated wi fi I I '
pacnance associated with the first conversion gam, said capacitive element has a second
-4 i 4
capacitance i binarn 1
baciiance. and a combination of the first and second capaciances is associated with the

second conversion gain.

.~ .
/2. The sy c 7 heret id pi I
System ot claim 71, wherein said photosensor has a capaciiance greater

than the fi itance i Inati f
ISt capacitance and less than the combination of the first and second capacitances

3 T L o .
he system of claim 63, wherein said capaciuve element is a capacitor

The SVSIEm of cinim 62 cimemie o L
SYStem ol ciaim 63. wherein said capacitive siement is a poivsilicon

capaciior.

93]
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gain during a second lighting condition. 64. The L0V wyge
system of claim63. wherein said photosensor has a CTT
first capacitance and said diffusion region has a
second capacitance that is less than the first
capaci tance. 65. The system of claim63. wherein said
phot osensor is a photodi ode. 66. The system of claim
63, whergienys@intbaiosens s reinsarti hotowicpden gonradicrity
to a capacifor. 67. The systemof claim63. wherein
clemepgisd [FHGHES SAYHEL 2 BIGCPRETHS & ECCIF] 2 ARRCAY ST HHn control
. | ai m 63, wherein said photosensor is a
Slgnalghot oconductor. 69. The system of claim 63, wherein
said array is a CMOS array. 70. The system of claim
63. ©r Rl 3R AR 63 SwRelSRaf! 8@ corvlersibh @aVsstiRMfing
of claim®63, erein said diffusion region has a first
elem@a pacirimsizoe aad Seidi apadtivé ¢iemehes icapacitoo el sansisiayas ponnected

sai d capacitiye.el enent has.a secon capaci t.ance, , and
bew R g RADE ST GIon FEPIoRIE AL CSE08ne FapPriroal fitond

termiffShitcashattol It dodRBectSERONhpRNVALEEON gain. 72. The
system of claim 71. wherein said photosensor has a

capaci tance greater than the first capacitance and

| ess 77 hahhé herenoobilant i 63n whkrdiherid dnatcoandsioe @amdswitching

capaci tances. 73, The system of claim 63, .a/\,her ein. cted
elementiitia BARATIT I CARRAILIVE SICMRRISAGAPRTIOTARIC FRSILYSIE SRTRecte
berwdn Gl ANM B3 a5 £ 1Y Rldd LARARHMINE oL BIBMachSr, @nd 2 second

poi'vsiiicon capacitor. 31 75. The system of claim 63.
termiMBEsfall @phdicd iatommenee s erouRdipoteawit chi ng el ement

is a transistor having a Late connected to receive a

dual conversion gain control signal. 76. The system_ .

of cl78i niTBS sysmreoéichains b wheagin sod darktapnergifingam switching

swi.t chin elepent is a tr I Sto L sai Lt
it
betwlelt WEE Rosaidiifiusiah ireod bid aSroRowregiionn emthiral HF sad wansistor, and

termnal of said cagaci tor, and a second term nal

- . _ 1 ,Of
a secpfl QoW e rminal @ Hsald FRRSIPLS éo%bq%to\;&lupgla groltage.
79. The svstem 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.



77. The system of claim 63, wherein said dua
conversion train swtching elenent is a transistor
and said capacitive elenent is a capacitor, said LDV s
transi stor is connected between said floating
diffusion region and a first term nal of said
capacitor, and a second termnal of said capacitor is
connegtedThOs@: : [.al ., 78. The system of _
. claim 63. whéré&%gggggpgagpﬁ%%%vg?g?%ﬁoﬁﬁ?%ogﬁFPdﬁPﬁﬁ‘hHH@10W
lighg cepdiviensiagnd ghe segprd strorrsimtesaisiseagaghs 'bMehﬂﬁQ%'F@é%di{igns
a capacitor, said capacitor is connected bet ween said
fl oating d#ffusion“region and a first source/drain
terni Nal ofe st of dasn §3.dkrthermompaissecantgle and hold circuitry for

QHE 66d B818In0 A 1 nal sajd transistor is connected
Sm?o a suppl i3r/1‘\51 ol F{egégde&.@ m/lgm %‘hdem§§}ép?eeph"8'f s1gpal o from said diffusion

regiger ei n sai d dual conversion gain switching el enent
is a transistor and said capacitive elenent is a
capacitor, said capacitor is connected between said
floatg%g %?ﬂﬁ%ﬁ?éﬁﬂ@egﬁmmnahg:a first source/drain
term nal of said transistor, and a second
source/drain termnal of said transistor is connected
to a §PYGHEHAEEntial . 80. The system of claim 63.
wherein said circuit is connected to a supply
vol tage. 81  The systemof claim63. wherein said »
ci r cutt MRS KA Y carpleh &b saidbpeasessar. sadmaging device
compyisihem of claim 63. wherein said circuit provides said
diffusion region wth nore than two conversion gains.
32 83. The systemof claim63. wherein the first
conv ¥ Boasing gaffusiorsregind cohifetiad td aeivkisehibd CRRGI EbQNS
phM?&%i&Qe g§cqnd conversion gain is used during bright
O VEARAFT %8Rs, 84. The system of claim 63. further

conprising sanple and hold circuitry for sanpling and

hol dingrcai:ef&r ut pat .and mul ti.pl e pixel signal =
loutputsH}}gn1sgﬁgggfggdgﬁ%%onF%ﬁ?bﬁ@8§§? %ﬁ“ﬁﬂ%@%?mﬂ<ﬁﬁh&0n

regi@ygitle multqderpor sisig gaifis BY SSRGS in 2R 8xbal IRYIeMhent during a first

Iihtgevmﬁ..electrl.callty coupl ed to said processor. said.

g Inigacgp g éq,fi@éeve a 1irst 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 sain. and

famy
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conprising: a floating diffusion region, connected to LA

recei ve stored charge froma photosensitive device;
and a circuit connected to said diffusion region. said
circuit providing said diffusion region with nultiple
conversion gains by switching in a first capacitive
el ement during a first lighting condition to achieve
a firstoBRAYS S L e i Lng.in a second . ,
capacitive el e%%ﬁta lt&géfr |lﬁ%waéoglg%‘6%%{q 4 ﬁ%m&dﬁ%}wfi B
conyeEsigR B vlcans econtbannvensil et 1gahihge S firsf Erversfoain o one of

i nyersion gains.being different than a .
m %@%3 glsvseir%lﬁn gain %Fwiqﬁré‘neli”? RSt FHCPERA dPOTSBONding Cammgeance to the

diffissyest @ MlonGOATS tifdnRe said dnllo® : 30 bR 0 .
. devj.ce electrically coupl eﬁgﬁggfw?lggé%1§8% Sag%flfft conversion

gam?ﬁ%ﬁgwan?fé\?g sald copirpranginegcapacitage $toer saddiffusiutrt B8,

and out putting photo-generated charge a diffusion

regi ap.  cpnn ctded to receive the photo-generated

char g f roMCERAPT IpeRgiag ap imaaprdieyices wd mathodgioomrising:

having a first conversion gain, and a conversion gain

alteryd ' I, connected.to said diffusion region,

sai d é“%:}%‘@ek{og#ﬁ%“eé%tfeﬁ g AU glopdRKige a charge storing
capacionthaolsled than £ biapgestbAe bidgSt; LR A A, 1.0 ane .
of nultiple conversion :S%P?%ESTY%;?Q?@\A&?éﬁgﬁg@id&vgﬁgenem{mg the
photggspwaieH K§argecor r espondi ng capaci t ance to the

di ffusion region and to change said one of nultiple

convey | iug{i] %%a'hns".to said first conversion gain by

di scOHHEEH GG IEL FigNRlgePrsHi M the Semsadiotaeorrited mhasad:d

di ffusion region. 87. A nethod of operating an inmager

devi ' ompri sing. . storin .

phot gﬁg%% 3 cBBIR6, %%miorf e §PhusioBi ego By b#naing e gharee storing
capaciffaofifbe s¢aderi;agd capacity that is | ess than a charge

storing capacity of a photosensitive device generating

the photo-generated charge; outputting a first signal

r epr ESERTHREY weend tign@depletmingehesaicdbhehatdRiated charge in the

diffuSiBRPE YR A i §OMLeHSL ony gai n of the diffusion region by
: changcilngh%ﬁ% g‘r\éaf?léneﬁsdt%lniv?fémncﬁb‘mi ty of the region;
and

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:
increasing a capacitance of the diffusion region.

90. The method of claim 87 further comprising:

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

generated charge: and

outputting a third signal representing the reset diffusion region.
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outputting a second signal representing the stored

phot o- generated charge in the diffusion regi on having

the changed conversion gain. 88. The nethod of claim.

87, wherein said changing step conprises: changing a

capaci tance of the diffusion region. 89. The nethod of

claim 87, wherein said changing step conpri ses:

i ncreasi a capacitance of the diffusion region. 90.

The netho edFetg?‘gP‘rﬁ@W PUfurHer cemapsing iregaets @set t i ng

the diffusion region to an array supply voltage prior

to stQri t 07 generated charge; and outputting

a thir p@?é%ﬁ h{r))llégnrgetggﬁ(ﬁtﬁﬁc?rf@aq‘gtggg SEgpsLEbn

region. 34 91. The nethod of claim90 further

conprysgioge : : a ] d holdjn he

Tt g TR g SPecg TR b regetacs
outpfritlyfel d first, second and third signals to obtain a

correlated output value. 92. The nethod of claim 87

furtggr c%nprising: si mul t aneously resetting the

di f f u'st orl e St Hrfdeim Phiorbseesoprismovi di ng t he

phot o- generated charge prior to storing the

phot Q- generated charge in_the diffusion region; and

out pﬁf‘?ﬁﬁa@egu msamgg Siratfngipn sesion pih2 prsoseasetproviding the
hotélieéried S @ Bhared bAbr 1 ino & I chaim.92 further .
P comprising t hg act ssg(g%nF tnggﬁn@ﬁtf)irb%gerg%g Ch%‘#ai“h etcﬁﬁélsmn region;
and fjrst, second and third signals; and using the sanpled

and held first, second and third signals to obtain a

correlated output value. 94. The nethod of claim 87

f ur t REPUEBIgH hid signakieptasentingobs reper diffesion negiothe

di ffusion region. a photosensor providing the photo-

enepat ed, cha nd.a acitive region used to
ghangé' t ﬁ'ge glgwgrogicg’ihmg‘)g?fﬁ{ther compnsm% 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.

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 eliminaies

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:

(OS]
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95. The nethod of claim94, wherein said resetting ,
step substantially elimnates shared charges. 96. The-t-

nmet hod of claim94, wherein said resetting step
substantially elimnates |ag for a subsequent readout

operation. 97. A nethod of operating an imger device,
said nethod conprising: 3~ LLB v~;V "iS transferring

phot o- generated charge to a diffusion region having a

char ge trahgierring phé@P@sietyed dhdtoel 1§ 4! .t han. a charge .
stari ng .capa ?E& of a phéﬁ%@%ﬁg§€ﬁggﬁl5V%EQH§SW8?3FPW§CSm“ng
CPREY tB%df %—S éﬁ%@@é@é@eémpg sapaay ef Aiphoteenait va aew od o&@ferating the
pHodRoslepti&1EA@r 9e; conparing the anount to a -

predet erm ned” threshol d; changi ng a conversion gain of

the di ffusion region by changing the charge storing

capaci tigteraiiningenragi@nof te klordgShdgler m ned that the

anount of stored charge exceeds the’ threshold; and

outputting a signal indicative of the charge in the

di f f usfORParEgitbnamo@s.o Theedeetthiddd dfregtori: M 97, wher ei n

sai d changi ng step conprises: changing a capacitance

of the diffusion region. 99. The nethod of claim 97,

wher ei FPRENG 2NBKYFING Lmey) thodifiusiorsegion mcelmaging Ghedcharge storing
capRPRGF HRNE s £ fUSi egi on. 100. .The net hod

T elhm ﬁo%frl% %:dre%g%lﬁr%?itg#r%%% &8l F‘H’gedtCH%Tge exceeds the
thrgsholldjendn region to an array supply voltage prior to

storing the photo- generated charge; and outputting a

third signal representing the reset diffusion region.

101. I?}Eg‘}%’t’%i‘) &2ptl ipdigative riche ehatdven toodifindisih figidnhe

acts of. sanpling and holding the first, second and

NN A ST
\)\'D Vil o

third ¢ g%'e%ﬁetﬁl@c{j of claim 97, wherein said changing step comprises:
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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usi ng the sanpled and held first, second and third

signals to obtain a correlated output value. 36 ~. YDOYDWISE

..!1CSC 102. The nethod of claim97 further

conprising: sinultaneously resetting the diffusion

regi on and a photosensor providing the

phot o- generated charge prior to-storing the

phot o- ga?er|de i e.di ffusion region; and

outputting a ?ﬁ?gﬁﬁé?§%%$9?Eﬁpﬁggﬂ?Pﬁﬁpghe reset

di ffusion region. 103. The nethod of claim 102

f ur t hersimalprebsiingesthoakd & Ak | in nd hol ding
phii§-ch LSk second and thir df@?‘a%%a%f?n 4tk BaqtargRareroviding the

sanpl ed Sf Gharge prox forséqringsthe pivato-@atlerhfel lcHarsk g[pglle%éff@so -
ambtain a correlated output value. 104. Thé nethod of  c&on;

claim97 further conprising: sinultaneously resetting

the diffusion region, a photosensor providing the

phot o- oyemtdiratedird RfpnhgEre inG itive region used

to change the conveféionﬁgg?ﬁ@C?%%%m?ﬁggﬂ%Q%BE“ﬁf

claim 104, wherein said resetting step substantially

el i m nalesThhmethddoliabages 02 fher ELIEL MO OF ¢l ai m

104, wherein said resetting step su%stdh?fﬁcﬂf'

elininateﬁ.lag for a subsequent readout operation.

107. ASHRRMEdndhokiies teifits, secGMObd (AR @fgngg\/%{fcp, sai d

met hod conprising: providing a photosensor having a

first .t ance: provjiding a diffusion regi on having

a secon “Caf)eslecl:llnP gﬂ @'Ed ?‘ﬁlgtﬁrﬁtssqcé@%altdﬁ&hdts@afsité $btain a correlated
ougwpudiut.ance: storing photo-generated charge fromthe

phot osensor in the diffusion region; determning an

anmount of the stored charge; 37

The method of claim 97 further comprising:

si : P .
multaneously resetting the diffusion region, a photosensor providing the photo-

generat iti i
g ed charee and a capacitive region used to Cha.n_qe the conversion gain
& =3 =3 .

105. The method of claim 104, wherein said resettin

o g step substantially
eliminates shared charges. )

106. : .
N 6. The method of claim 104. wherein said resetting step substantially
eliminates lag for a subsequent readout operation. ’

107. A method of operating a CMOS imager device, said method comprising:

providing a photosensor having a first capacitance:

ro - . . . . . .
providing a diffusion region having a second capacitance that is less than the first
capacitance;

stori - ¢
ng photo-generated charge from the photosensor in the diffusion region:

determining an amount of the stored charge:
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conparing the ambunt to a predeterm ned threshol d: and o
adding a third capacitance to the diffusion region BRGNS
such that the conmbination of the second and third

capacitances is greater than the first capacitance if

it is determned that the anount of stored charge

exceeds the threshold. 108. The nethod of claim 107,

wher e¢dingseding 1RO NG nges .a conyersion gain of

t he diff%ﬁﬁon regioﬁﬁ;ﬁggag%ﬁguﬁggﬁggméFaEﬁain1107

further conprising: resetting the diffusion region to

an aradaynesugppt yanelitna@ao Bid @b Rn SEQLL DgHt hotor. . ..
seco neégﬁﬁf cha%ﬁe;,and outputtiana‘iﬁ?g%hgﬁgﬁg?cmnb“mnonordm

r ef)zrlf ed) &f‘iaﬂ%“‘ S ﬂ%%rfﬂfeaim tikg Grst c@g'cimm::ﬁ iflil @ de-{é}fﬁlined that the
amoGEtdTQthr&f cHakddi dbddd ¢ conprising the acts o

sanpl i ng and’holdiné<#%%£$§¥%t, second and third

signals. and using the sanpled and held first, second

and tISr d Tht geaios o olaahliol M ReRREE! AGH, , OULPUL |
Oain\él’gh%eqi 111. The nethod of cl af mHllrfJ(%%i S?’}ghsé?p canges a conversion
= r

E15i9p regioRul t aneousl y resetting the diffusion
region and the photosensor prior to storing the

phot enegyate harge in_the diffusion region; and
outpapgingﬁ%n¥ﬁ?§8?§g§ﬂép’?E%P%@éﬁphﬁgglhe reset

diffusion region. 11 The nethod of claim 11l 1 further

CONP bt - - sanmplin nd hol ding the
first, se%&%}@gﬁéﬁﬁ %l%n S Ghiry: 5%839@{ VRERERYPEPrEO Stmpigél photo-

genergipgl dhatay; fnid st. second and third signals to obtain a
correlated output value. 38 113. The nethod of claim
107 further conprising: sinultaneously resetting the
di f f QYPHHINE aghigthsignd gephentine nisoresa Mt R ARt | Ve
regi on used to change the conversion gain. I14. The

nmet h of .cl ai 1. wherein said resetting step
SubS?g%t i g}rel r)r}et ocil'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 comprising:

simultaneously resetting the diffusion region and the photosensor prior 1o 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:
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 vaiue.
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el imnates shared charges. 115. The nethod of claim L Aum s
113, wherein said resetting step substantially TTTom el
elimnates |lag for a subsequent readout operation.

116. A nethod of fabricating a dual conversion gain

pi xel , said nethod conprising the steps of: providing

a substrate; providing a photosensitive region within

the substrate: providing a floating diffusion region

withilﬁ*‘;c,ai e%@‘%‘f%rtcg?mt HY furdst pomgpesing:usi on  regi on

having a first capacitance; and providing a conversion

gai n ghteLd o LM Lhin. the substrate, wherein _
the conver g ?%h Irtgsg{lﬁrr}l :zﬂl‘\% éﬁu RY RO e iPEORssPhrIGd Fapacitive

regigngisadieh ehasee dredtona@aiontance to the capacitance of the
di ffusion region, said act of providing the gain
altering circuit conprises formng a capacitive
el enent wibpmethadeolsitint gt evherdn f0d réseging stpan®kah@dlly

dhnm&&ggﬂrgyag§y strate, wherein the transistor is

connect ed between the diffusion region and the
capacitive elenent such that when the transistor is

acti vasedTha ' - af : citive el enent |
~ added to thengﬁggfﬁkgggﬁgrfEﬁ%§?$%€$FS?W8gﬁE?WB stggtially
elimigpigs tactfona shseeuant saildusdpepativh, pr ovi di ng a
phot osensitive region within the substrate conprises
provi ding a phot odi ode with a high pinning voltage
wi t hilho+t hé merbed phfabricarirg a ding comeeasidn fingiail MaldSethod

' i d.step of providing a photosensitive
C°““¥§g@§%Q§§?%?% the substrate conprises: 9 providing a

phot odi ode within the substrate: and connecting the
phot eeivedge b Quissn@aPaci tor. 119. The method of claim
116 wherein said step of providing a photosensitive
region within the substrate conprises providing a
phot oyaidingi photsésaieubsion avierin #20ubdrf@t hod of
fabricating a dual conversion gain pixel. said nethod

providing a floating diffusion region within said substrate, the floating diffusion

region having a first capacitance; and

providing a conversion gain altering circuit within the substrate, wherein the
conversion gain altering circuit is controllable to add a second capacitance to the capacitance
of the diffusion region. said act of providing the gain altering circuit comprises forming a
capacitive element within the substrate and forming a transistor within the substrate, wherein
the transistor is connected berween the diffusion region and the capacitive element such that

when the transistor is activated, a capacitance of the capacitive element is added 1o the first

capacitance.

117. The method of ciaim 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:

L
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conprising the steps of: providing a substrate: Ll OYD A

provi di ng a photosensitive region wthin the
substrate: formng a first transistor within the
substrate for resetting the pixel: providing a
floating diffusion region within said substrate, the
floating diffusion region having a first capacitance:
provi diregdiag s ebowdidde ansirstho suimetvweend t he
photosensitive region and the floating diffusion
region, the second transistor being controllable to
t r ans fOPICHAY s PHOHH9€° 2 fHitBS%ensi tive region to the
floating dlffu5|on region; formng a capacitive
el ement, qW i r; .and rnn . .
tran3|stor%ant i N fﬁggéﬁbzéggigglﬁng%POgPﬁW“¥%ﬂ § ppotosensitive
regipmnghigtior suosrale oMmMeTee drdyet me e nhodoeatd iviifhis the Busegion
and the capacitive elenment such that when the third
transistor is activated. a capacitance of the
capacitive element i s added to the firs capacitance.
121. A nethod of fabricating a dual conversion gain
pi xel ai I, Si - . .
prOV|df§g gjgﬁﬁgggaf%%mgﬁﬁél 1&Q§’§%§f%%%B%TTS%%n’ﬂmd
conmgngisinn tivd stdps Pt he substrat e: forn1ng a first
transistor wiwthin the substrate for resetting the
pi xel ; providing a floating diffusion region wthin
sai d sPREIMEtESUDFREES | oati ng di ffusion region having
a first capacitance and being connected to the
photose s:tkye .00 . Mong . a,c acitive el enent
Wi t hi n® ?ﬁgu§u ‘ﬁ%%ggnéh%v %Fﬂgﬁn B@%ﬁﬁd transi stor
within the substrate, wherein the second transistor is
connect@glifal Meefatdgo-diiffite Qabdae 2R r%nﬁmtr RE pixe::
capaci tive el ement such that when the second
transistor is activated. a capacitance of the
capaci pioyaling @ fresng $ifaderedeion witen fiid stbsmemptie ifibaurgaiiffusion

I"EglOl’l havmg 2 irst capacmmcs;

providing 2 second transistor petween the photosensitive region and the floaring
diffusion region. the second wansistor being conwollable to transfer charge from the

photosensitive region to the floating diffusion region;
forming a capacitive eiement within the subswate: and

forming a third wansistor within the substrate. wherein the third wansistor is
connected berween the diffusion region and the capacitive element such that when the third
ransisior 1s activated. a capacitance of the capacitive eiemen: is added 1o the firs:

capacitance.

121, A method of fapricating a dual conversion gain pixel. said method

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

providing a floating diffusion region within said substrate. the floating diffusion

region having a first capacitance and being connected to the photosensitive region;
forming a capacitive element within the substrate; and

forming a second transistor within the substate, wherein the second transistor 1s

connected berween the diffusion region and the capacitive element such that when the second

wransistor is activated. a capacitance of the capacitive element is added to the first

capacitance.
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