WD 2005/ 011260 PCT/ US2004/ 022564 ~ 4T CMOS | MAGE
SENSOR W TH FLQOATI NG DI FFUSI ON GATE CAPACI TOR FI ELD
OF THE | NVENTI ON [ 0001] The present invention relates

circuit of an image sensor havin n
gg)s%g%?%ﬁég storage capacitor. BACKGROUND OF %ﬁ%mszom/ozzsm

I NVENTI ON [ 0002] An inage sensor circuit includes a

it et Tl s S e SN
or photodi ode overlying a charge accunul ation regjg
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the active el ements {pRcpt cell perform (1)
photon to charge conversion; (2) accumulation of inage
charge; (3) transfer of charge to a floating

di f f usi on node accd&hpli @b THE INNEYEIIOMD! i fi cati on;

(4) resetting the floating diffusion node to a known

el 1RORn of el khPRE Mot sfio® ARiPrkde tidhmanma

anpl i dehemthiading ah aﬁ’so&la@ﬂ&torﬁ@%a@&@t@i' | ng pi xel charge.
In a three transistor pixel cell the active elenments

Convers: on; ( ERGHRPh! SF SR TGN by (e

phot oconver si on device; (3) resetting the

phofapuenVer siAaNing@¥iseol Birduit MANE a%@su @ﬁ@%ﬁﬁf&ﬁﬁ&ge
accunulatlon (4) selection of a pixel r eadout
and (%)lscaehonc afitegakly mtlud@guc@hcr@fptmtsgagnaihotoconductor,

Fi o, o bR oA A ARenr OB SPh HUfRRE st

conv efok lacumaiulﬁ&@%hdﬁa@en&eﬂ&a%arfgau In & tadVehBb6@dl f&ufkT)
pi xel 10 is_shown. A view of a section of the

conv eFrrsiHRE CA S magar dhe s clemeni of 2 pixsherl) pesformp( B
of Fl ﬁlotaété Shat BOVShveRidn; ?,) Jcalmmgﬁorgghﬁlbalgg: Qhargc, (3)

general |y conprfses a transfer gate
t r anstrexsfar o cdrgt oed Sodtirigediffusion node accompanied by charge

amplification; (4) resetting the floating diffusion node to a known state
before the transfer of charge to it; (5) selection of a pixel for readout; and
(6) output and amplification of a signal representing pixel charge. In a
three transistor pixel cell the active elements of a pixel cell perform: (1)
photon to charge conversion; (2) accumulation of image charge by the
photoconversion device; (3) resetting the photoconversion device to a
known state before charge accumulation; (4) selection of a pixel for
readout; and (5) output and amplification of a signal representing the

pixel charge.

[0003] Referring to FIGS. 1A and 1B, a semiconductor wafer
fragment of a conventional CMOS image sensor four-transistor (4T) pixel
10 is shown. A view of a section of the conventional CMOS image sensor
taken along line 1B-1B of FIG. 1A is shown in FIG. 1B. The pixel 10

generally comprises a transfer gate 50 for transferring photoelectric
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1 WD 2005/011260 PCTI US2004/ 022564 charges generated
in a pinned photodiode 21 to a floating diffusion

region 25 acting as a sensing node. The floating

' ' region 25 is connected to a reset
??g%g?@?%? having a gate 40 for resetting thgcggﬁgwﬂ&nﬂ“
node. A source follower transistor having a gate 60

is connected to a row select transistor having a gate
80. Inpurity doped source/drain regions 22 are

provi ded about gates 40, 60, 80. Spacers 92 may be

for We&a%egggnérgt%d% g?gm%% gge{&%g%%gzllot ga’ f}% ; gr&cli&.uSSPdn region

[ 0004] own 1 n _ _ _
i |1 us25 attingeds y sensiipphddew Thel flvatitlg BifRi6 regien 2854 connected
beneath the surface 15 of substrate 20. e pinned

phot ot Ligeet Srpnfistor aaying 2 gats 49 fpnessesag tha fensingopdyp A
juncty rEE 8P tr R 1S4 -doV: ur e regian 24
and 5%%%?#§%ggghot00|6g%h%%§%g%éaﬁgg%ﬁFﬁ%ﬁ%gaﬁ9g§§‘1
subst watsst@thaviigenmke 8 olmpiirin dope WutceXBrah eegidts Phre
in the Sﬂb tgate 20 to é§?|%%§ the pixels within a

pi xel PIRY 8@? RLEALI S0y 081U Jacees 82 Spaibeformersalong theg

| ayersi®Q ofg¥eb20f 510, Bohn@wer the pixel 10. Contacts 32
(FIG 1A) may be fornmed in the insulating |ayer 30 to

provide an el ectrical connection to the source/drain
regi®R4] 22, #ischewndn Figi 1 BuphasediodgRbis illBstrazinely a sivdiow

Wi ri onne: a | i nes and other onnections in
the praift SRABREHGAM Boncet by BB a5 e suiar Fonbe
four pinanspisttotioddZ)] oy hhygieots ASiIave Pint Eugcm& fdion-
optionally enploys a polysilicon capacitor . 1y)
100. JORPIBIRE AP-HPErS 68198 d4j204 en petype photodds ucdiare

15 of eﬁy%kr | [ .t he .pi d

phot ozdﬁl5 ode Za? %gcég?grt%ﬁg %g'l ?’“‘g‘éﬁ %‘s’ B%Plé'm%g?wsgh:?rg fermedq
t he ehebt subnsa@r2® wadlae tigdpikdls withibegpiodl ag@y.0A tahslucent
pi nned phot odi.ode 21 as |Long as the transfer gate 50
s " GRS 1Hiks B e formeckoveh iheapird iz ed
by a @bstait®BeFI@!1A)R; i Ghehl |

appl i ed voltage of tmghﬂﬁﬁ?ﬂwgﬁgpgﬁ?gﬁgghgﬂ§§I?%5’

t r angfrevidgan eles@icplgonnection to the source/drain regions 22, floating

diffusion region 25, and other wiring to connect gate lines and other

connections in the pixel 10.

[0005] FIG. 2 depicts a conventional four transistor (4T) CMOS
image sensor pixel, which optionally employs a polysilicon capacitor (Cpoty)
100. Photons 112 are absorbed just beneath the surface 15 of substrate
20 in the region of the pinned photodiode 21. Electron-hole pairs are
generated, and the electrons are collected in n- region 26 of the pinned
photodiode 21 as long as the transfer gate 50 is “off”. The pinned
photodiode 21 is characterized by a pin potential (Vyin), which is a highest
applied voltage of the p-n-p photodiode. Once the transfer gate 50 is
activated (i.e., turned “on”), the photon-generated electrons can flow to
the floating diffusion region 25 from n- region 26. After a certain period
of time, the transfer gate 50 will be switched back to the “off” state.
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activated (i.e., turned "on"), the photon-generated
el ectrons can flowto the floating diffusion region
25 fromn- region 26. After a certain period of tirre
W}fobsr(ﬁ?&%er gate 50 will be switched back to th
¥ 2 WO 2005/ 011260 PCT/ US2004/ 0225’61’U52004/°22564
[0006] FIG 3 is a potential diagram of the
conventional 4T CMOS sensor pixel during a |ight
integration period. The full well charge capacity of
the pixel is a maxi mum nunber of el ectrons which can
be erated and stored jn the photodi ode 21. Photons
iogqénsm t FEa- 3 is 2 pofratighdingramoefethe torpsntomal T CMOS

S'hﬁf RGO AR s o PRTE FRORIAortiee by

shadespaairg af tﬁbzmxcl ‘fs'm madnem hifibérfof¢RicabH WREh can be

appr oxi rrat b i nnhed potential (VP,,,) of

phot 6&%&'@ dééu RBeediaskeele aliimpwl(l@n@nsnmmqm
th f h
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el ecl( r on):0 f%?l glrtnmlﬂ%ct %giﬁgpdgl %Bgédég& At #YZ(F? ’\éﬁg
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capaBrpipdigdaes ?ﬁa?ﬁd??&dﬁgﬁ%ﬁaé%ﬁuﬁeé"@?%ma%m nat
of Capadent Photbdd115.098¢ Lx&&s%a&c%ﬁé& ta%l(ﬁﬂmﬁé Fﬁ? t ey

charge transfer operation in the convention ur
tr anlelghbeﬂlwWC@mc @mcs&xdlapgcaabvasehtough\hebstﬂat‘w(f e -
wel | caa ofthe di ode 21_.is larger ;than the
char ge cXm capac‘}e{l g’f“? $5EOPF G3m pRptadipds.e] av
nodenﬁﬁsfcﬁr«i&fc&hlcﬂoﬁtlﬁ@g GBS bR hoBd 25 By WaR50 fuin on, the
phot gdi ode 21 and fl oati ng di ffusi on node 25. % hi's

case CRRER tRSTOLE CleAEpRss dercenibed Gy ke epeditytad ﬂllthﬂoatmg
' Of PaigflhiodhladifiG dtichl 1661 8l n s gnal char ge
whi ch m xes wth generated signal charge of the next

frame causing image lag. This saturation of the

f1 08RG g di f Flfsidodepistien @@miplary tharge transfer operation in the

conventional four transistor (4T) CMOS sensor pixel cell. When the full-

well capacity of the photodiode 21 is larger than the charge holding
capacity of the floating diffusion node 25, there is charge sharing between
the photodiode 21 and floating diffusion node 25. In this case, when the
transfer gate 50 goes back to the “off” state, photodiode 21 will retain
signal charge which mixes with generated signal charge of the next frame
causing image lag. This saturation of the floating diffusion node 25 limits

dynamic range of the conventional four transistor (4T) pixel.

[0008] As pixels are scaled down in size a lower floating diffusion node
capacity is seen which further lowers the dynamic range of a pixel. It is
therefore desirable to improve the dynamic range to provide a good
output response for low light and also high light signal conditions even
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dynam c range of the conventional four transistor (4T)

pi xel . [0008] As pixels are scaled down in size a

| oner floating diffusion node capacity is seen which.

wers the dynamc range of a pixel. It is -

t e%@ﬁ%?%ﬁdesirable to improve the dynam c r ZGFESERY4/022564
provi de a good output response for low light and al so
high light signal conditions even 3 WO 2005/011260

PCT/ US2004/ 022564 when pi xels are scal ed down. To

this end storage capacitors, e.g., capacitor 100, Fig.

2, havkenpixals 3¢ opbedelowino Taithds end $totape cdpadiedrs,gg.
See. Fofob e 4B VRE pERtsEE st 45 Eificitng
6, 204lifhfor RoddedfGeastERYEstorape ChpaeRPaGde! Rfr%x%ﬂggl:cl B.s.

i ncreasing the capacitance of the floating dif on
node Pagingnt 428,470 and 6i2041524; tefRizodeb| Homsvirhmyh anpacitors

al ways..j LIcui | th the oaf i iffusio node.

vor ooie TGt s HeOrasie ot toafels o s vt o

f or mrélatiehpid@eiible a6 Siep hhivkystif QirfuliORich Ak ﬂgaﬁjﬁﬁm'om

node. SUMVARY COF THE | NVENTI ON [ 0009] Enbodi ments o

t he inodenMersovseaddirenalnypcassing sieps oe r¢atited to fargea

sens [ I a;.gatl.e capaci tor associ at ed

W t"thEl %%@F%%l&?éﬁﬂgt% tglé‘%%%godnlgﬁ%o en(\?\%'ch can be

sel ectively operated to increase the storage capacity

of the floating AUMMARIOEAHEE INVEENJEE@NCapaci t or can
econom cally forned at the sanme tinme, and using

be
th pr ogess st eps as_ ot her gat of transistors
ofﬁpﬁ@ggixelﬁgEC)é?c ﬁﬁngT“Fﬁn %%EgEngﬁﬁ%?%ﬁﬁgg(i?j
My heagessatpiel tdls GaviNg & gbte c.agz_iditbﬁ assbdMted Gith the floating
capacity of the stora%g node, ile in other
ci r c (iffisipncrade; whighgan Gsselgetvabappeasatedtq imksrassrtht orage
i nher L CAPAG .Of 1 1 arag | us t he
addr 1oy 8P R ki oo TukBOTRETRE Rt Iat 45 be
capaetémimicdllyfogatdatchpaid tine cana gt e6hd ks steps,
operategFto add chacit%Qﬁe to the storage node as
need@YCHEr §¥&s PEastesal thepuheddlsd ot her features and
advant ages of the invention wll
[0010] In some circumstances it may be desirable to only rely on the
inherent capacity of the storage node, while in other circumstances it may
be desirable to rely on the inherent capacity of the storage node plus the
additional capacity provided by an additional capacitor. The gate
capacitor can be selectively operated to add capacitance to the storage

node as needed or desired.

[0011] These and other features and advantages of the invention will
be more apparent from the following detailed description that is provided
in connection with the accompanying drawings and illustrated exemplary

embodiments of the invention.



be nore apparent fromthe follow ng detail ed
description that is provided in connection with the
acconmpanyi ng drawi ngs and illustrated exenpl ary

%@%BS of the invention. 4 WD 2005/011260

4/ 022564 BRI EF DESCRI PTI ON OF THE BRAWPIeL022564
[0012] The foregoi ng and ot her advantages and features
of the invention will becone nore apparent fromthe .

detail ed description of exenplary enbodi nents
provi ded below wth.reference to the acconpanying

drawi ngs. [ G9Ak RSoRIPriGNOF e ROl 2

conventional four transistor e sensor
pi xel fragment. [0014] FIG 1B is a side sectional
vi B9013{ t he Thie@regpingrmad etsergdemtages xmd fehnaepmeithe t aken

along line 1B-1B. [0015] FIG .2 depi¢cts conventi gnal
AT U Rl et ot poieg: Sepciiesteiaed dESOBRD? af

di agé&epliry 8mbeMmuRAL f6RHed BeloMARth RENGRE Jhd NY 2
light integration period. [0017] FIG 4 is a diagram

depi TcPmpansingofrewigson of charge transfer in a
conventional 4T CMOS sensor. [0018] FIG 5 is a top

Vi an 4T pixel .in, cAaccordance
Wi ﬂ?lgie enb%ggﬁrrégst chipa]%lﬁ% | nveﬁt2 P%‘%.n nfﬁ%f@‘]“ HES s
a cr O5ErGRIQS omak ssrsevpiatl] fidpendpt.xel illustrated in
FIG 5 taken along line AAA" of FIG 5. [0020] FIG 7

il trate i gpl e .ener and dj or the
opl03E) oo EnLER SaE S et Teret P r e HarREScHioE b
one oIl oRAL t&En atolag_uhmnmon- [0021] FIG 8
illustrates a timng diagram of the operation of a

pi xel __constructed in accordance with the invention. 5
[0015] FIG. 2 depicts a conventional 4T CMOS image sensor.

[0016] FIG. 3 is a potential diagram of a conventional 4T CMOS

sensor during a light integration period.

[0017] FIG. 4 is a diagram depicting an operation of charge transfer in

a conventional 4T CMOS sensor.

[0018] FIG. 5 is a top view of an example of a 4T CMOS pixel in

accordance with one embodiment of the invention.

[0019] FIG. 6 is a cross-sectional view of the pixel illustrated in FIG. 5
taken along line A-A’ of FIG. 5.

[0020] FIG. 7 illustrates a simple energy band diagram for the
operation of the pixel constructed in accordance with one embodiment of

the invention.

[0021] FIG. 8 illustrates a timing diagram of the operation of a pixel

constructed in accordance with the invention.



WD 2005/ 011260 PCT/ US2004/ 022564 [0022] FIG 9

illustrates a bl ock diagramof a CMOS i mager

integrated circuit having a pixel array according to
an-_exenpl ary enbodi nent of the invention. [0023]
(@005.’(?)‘”?6” ustrates a di agram of an i mage pr FE8455104/022564

system utilizing the CMOS imager illustrated in FIG

9. [0024] FIG 11 illustrates a sinplified circuit for

a CCD imager according to an exenpl ary enbodi nent of

the i nvention. DETAILED DESCRI PTI ON (]: THE | NVENTI ON

%ﬁzl 2 thﬁlégj Htgwrﬂgs £6ba hﬁgrem gfr%%gm Shts in

refere varil ous s

Whi ¢ hinkdpeatedviediiid lgRridged/pilel aﬂﬁﬁﬁ&cbﬁ‘cﬁﬂg to dihegegnplary
enbodi nents are_described wth sufficient detail to
enabl embediment efshe igsgntignt he art to practice the

invention, and it is to be understood that other

nq@dw]ent S PRY. REIGNPIQYEHagramthflaldtnasd préetdbSdysiand
| ogi cal™ changes nmay be nmade wi t hout departing from

t he spuhzﬂngCéMQfemmﬁgcuﬂestrm@meHG Pavention. [0026]
The terns "substrate" and "wafer" can be used

| ntghebangeally § Pk lig Lol LAAG SESETHPL LR 1Rl Y

any sem con or S ure In or

sur f agRoffing W fhex@irdpldty Em]z&odﬁm:nb of tHedfivengion.The
structure can include any of silicon, silicon-on

undoped seREaam bR BTOR PR e AR GRY T Con ™
supported by a base sem conductor foundation, and

ot her sem conduct or struciéjgg The se conductor need
not(0825] si | i &erefalewngrskriled descHRHRR efereass sdnasis to

silic [ i

Vhen' TP EF EABAL ibodBRHERR) W B o Tl Bladlfe.

f ol | oWhasg cnhtbsdxrmq@tcs on dc:p;nbvd pith spfﬁorcaséetsil epsnabtqﬂhbm/e

been |I| dto form ers, ns. or.junction

o ovailetip Efiet o et B hd dhin b BAGerySOd chal
other embodiments may be employed, and that structural and logical

changes may be made without departing from the spirit or scope of the

present invention.

[0026] The terms “substrate” and “wafer” can be used
interchangeably in the following description, and may include any
semiconductor structure in or at a surface of which circuitry can be
formed. The structure can include any of silicon, silicon-on insulator
(SOI), silicon-on-sapphire (SOS), doped and undoped semiconductors,
epitaxial layers of silicon supported by a base semiconductor foundation,
and other semiconductor structures. The semiconductor need not be
silicon-based. The semiconductor could be silicon-germanium,
germanium, or gallium arsenide. When reference is made to the substrate
in the following description, previous process steps may have been
utilized to form layers, regions or junctions in or over the base
semiconductor or foundation.
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WD 2005/ 011260 . PCT/ US2004/ 022564 [0027] The term
"pixel" refers to a picture elenent unit cel
contai ning a photosensor and devices, such as
js for converting electronagnetlc (
agﬁgn e?ectrlcal signal . For purposes of beSRho0bhases
illustration, a representative pixel is illustrated in
the figures and description herein, and typically
fabrication of all pixels in an imger wll proceed
simul taneously in a simlar fashion. Like-nunbered
el TS JdeR teh dpRblo tefeisabarpidtard diemé&RMRiteLBNENt S
depi cted in FIGS. 5 8. [0028] It shoul d be under st ood
t hat cariaining\acphiatessnsos ang éF‘fl%QﬁbﬂEhtaﬁ) trphsissors derl dogvérringny
ar r angeNEALe A0 ELBRALE AR LRL LALPORALI QD W L Of her

conponents em conduc 1 on

may  Dipkdraival, hycprtsaﬁdauakepﬂaém sugaiaesd inpihethigaRpENEt Or S,
or other |nag§ to charge convertlng deV|ces in lieu

of pHeCoREQHREEns ¥id yRICalyfpbrigasigmef all pEpls iF an imager will
phot (RS G mﬁlﬂ%%h%@f mgmgkwqaﬂc&tbe

desc |on nvention
desi gmhbahagovascﬁ:ﬁto ‘the saymeecleranmsts 'dppittefen FIGS.6-8sed in
the conmon manner to desi gnat e donor and acceptor
ty jJpurit ronnte ectron and hol e type
f&? ! eopaaild bf pnBE PR Bharth FivpSiout b epleabistd
pixahRlls mvmraredﬁgan@ﬁ aRd %Hf:ﬁﬂaﬁoﬂ"f&rhn@@rahgp With{ofher
type should be” interpreted to nean that "the doping

c onc epmpendngmoiof scnmduwpudmgc i Bhe ineanriosmaytrptionklly
dopln a, C ated st the letter e ing the
U ERRSHRE i Sooibeots By ol HhaasiGabugty " o
- sema. ARRBs, inBatofshotodiblis), For\hikifl Rburh R b5
type shoulf'be |nterpreted that the doping

conc BRetoaganeratesk chargs: | npurity is lighter than the
dopi ng associated wth just the letter identifying

th TOGZ@]U i tyad YRE hiet@tthe Hgs%npﬁon %F'{H‘c'lﬁvcnhgxq %ﬁ]{ «Bb 984

5 shows a top plan view of rst embodi ment’ o
p|xer”dgmgmngnﬁedmfhlapdbudhﬁpemxw1&%hh@4nﬂﬂentmmnn

Fig 5 de |ct a Hp %gﬁlstorgslxel 210 hC

el R85 PfeBar S dopet R et ub Fepi pith plpor

40, SRS arﬁd)hble\t\%fc chFrRSTe s cRfivaiphsrh® hafdiily ESRERQUThe

transi stor gate 8
“+” symbol, when uscd as a suffix with an impurity type should be
interpreted to mean that the doping concentration of that impurity is
heavier than the doping associated with just the letter identifying the
impurity type without the “+” suffix. Conversely, the “-” symbol, when
used as a suffix with an impurity type should be interpreted that the
doping concentration of that impurity is lighter than the doping associated

with just the letter identifying the impurity type without the “-” suffix.

[0030] Figs 5 shows a top plan view of a first embodiment of a pixel
constructed in accordance with the invention. Fig 5 depicts a four
transistor pixel 210 which includes transistor gate 50, reset transistor gate

40, source follower transistor gate 60 and readout transistor gate 80. A
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7 WD 2005/ 011260 PCT/ US2004/ 022564 phot odi ode 21 and

floating diffusion node 25 are al so depicted. The
transi stors, associ ated-gates 50, 40, 60 and 80,

' 21 and floating diffusion node 25
gg%g&?dd%gfl on as |ike nunbered structures i RB&Y}SZOP%%ZS“
In addition, the pixel depicted in Fig 5 conprise a
floating diffusion capacitor 82, which has one | ower
capacitor plate electrically coupled to the floating
di ffusi on node 25 and an upper capacitor plate

conn . r : r-atl on
o T B e g B e Bl
abov etramistazs, atsociatet gatel 15GS40,16( arkB30,phdtdliods Zloarappl y
to like structures of FIG 5. [00 As shown in FIG

5, t ?@Pséeff\ﬁ@nmdf&émc g‘gfp%mﬂl%ﬂs ° pEmpeFdover
a porhRAref intfie 14! eabiidsiodi ﬂfclﬁic@ﬂ%ﬂi&g& irtPig PSInbre a

| ocated between the transfer gate 50 and reset gate
40. ThentipgskffisicsrcapRitop§@y which manend lpweneapacitdrgate

i ncludes.the flqgatin i ff.usi node ,2 The capacitor
82_ca%m%%%@ﬁﬁoﬂﬁﬁ%Fbgfq%?é%gggﬁ%%?éﬁdfgsﬁngﬁﬁﬁgggior
gat e @Padror Ry EtneBako Ric¥tact §3)ETEARARHIE an8 pAGRES of
only a source termnal as no drain termnal is

neceskigryumbgiedclemeants agdescibed tdbwe fasth hoye it redatiogxoj s
th ti\ng~di i . ' b
the  HRY0gsdld yshan ppds 182 by o s, oan be

el ectrically coupled to an upper el ectrode of
cappi3ldr 8As skb @ ibFHE s the fpating diffsen capatitir| 8vier

gate 60 and row sel ec e .80 ..fdescrib abpve wth
7ot or BrEBE pytraiheriasy of S te it Hode ap, S50 K ey

f or MegetivBerRti¥arimefer S4te50ANd treset Bfte 400 MEBichpdeRBr SR E&%Rrs
of the transistors of the pixel, including transfer

gat e Bpactivgpgga ghatindudes the Hosrngdiffusion padsclbs sThe capacitor
used 0 Egﬁ. .. Lhe i I

tr ans?%tc %nr é&é%?lagéégﬁfpﬁag% n éantg u tg'ﬁsﬁégo)f I%Jgf/:goﬁl Jmay be

bl ankeinveftbsmabpixelv efhetdapaciinb 82 matds cady 4 ttergadeemimyl deno

| ayer, then a polysilicon blanket |ayer is forned, .
ol | ofeth Bymaaby atieernt SHorte fcsflcaﬁomfﬂaaﬁ“&ﬁ $2 5 he
layer o g difysirondc2 5. PRt BA¢stah bE SHrRREH ¢8 kbdnect with
patterned,” to form

contact 83 which is electrically coupled to an upper electrode of capacitor

82. FIG. 5 also depicts a source follower gate 60 and row select gate 80

(described above with reference to FIG. 1).

[0032] The capacitor 82 can be formed in a manner similar to the
polysilicon gates of the transistors of the pixel, including transfer gate 50,
and at the same time as the process steps used to form the other gates of
the pixel cell transistors. For example, an insulating layer may be blanket
formed over the substrate as the gate oxide layer, then a polysilicon
blanket layer is formed, followed by a blanket formation of an insulation
layer. The layers are then photolithographically patterned, to form
capacitor 82 and the other transistor gates. Thus, masking and etch steps

~ for forming the gate capacitor 82, transfer gate 50, source follower gate
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capacitor 82 and the other transistor gates. Thus,
maski ng and etch steps for formng the gate capacitor
transfer gate 50, source follower gate 8 WO

82,
gﬁgﬁég}@l}%go PCT/ US2004/ 022564 60, row sel eCEcQEFsﬁmﬁ%zm

reset gate 40, and other transistor gate
structures on a chip containing a pixel array can al
be perforned at the sanme tinme. The capacitor 82 is
formed in an area where it does not block the
phot osensitive area, e.g., photodiode 21, of the

I mgen. ' r0S8: tional view
of TR0 SeT BT S04 ERt BB SRR R B
FI.G sucthss shawhip conflifing 6, pixchpegi daanll $2 pefoahtd aschat
| east a gort'é[%g of tregéhéj sol ation regi on_ 28;

howe ¥8Re Ume- dihG srRRCitgb 4 HdRTRILB AN aFehase itdasa et lpck
82 Ny, bQhIBG L. A ! substrate
20 usicnlgﬁ%the same pr’gcég%ldg{)gggc%g’%y}%ﬂ? ARsf er gat e

50, reset gate 40, source foll.ower gate 60, row select
gatlB0FY and BitCher depigtamsiost esctional Wewtof gl pixelsiepisted in

chip Nk @ i Ri r.r ay, ,rher.e opti.onagl.ly

bo ATIGS HLBETRCA R HEHETS P iR 8 2Rk, P20

ot heoverieadtilaast < pompion v tkeatHielatteregione g dodtverai hdad
chem cal, vapor deposition (CVD), for exanple,

usin

or agswﬂe?m@@s(s%?tttfﬂe RRAEEH ey bg fpomaql oper agpewkeri n

FI G : i i f.or med
o1 onBOTPSAsABRarS OB In A Hrcehedlsfo T sk OB
Li ke50nrendieatd (g lsenen falloskes gate 166 drombeicet gits @0ragf @thdro

the sane el enents- depicted in FI.G 6, goti onal
cont FEPSIET $AC SHYHHTSF OP ﬁég’POQPé‘F“FH% A PRSIy pﬁ'&fé%mé}’
capaeptishalibde aTc[Iz}? N§Br bSPEOS I(RBr2EBHI s AP tIRYr c?ﬁcr

formed by an S rocess, a Local Oxidationh o

Si | i eering oomspngdeuaekovepthegarsyapplied usihg ehqmicd evspor
003 - ipsul ati |
| D03BLe ARSI H38) Bt PRARESTL gL AR Rl 2V

el ements of the pixel. Such |ayers m ght include
mat[8P34l s asAsihomn BAZG. 6P§EiomBSElewslBpad8RIR are shahaOS,
ch co

?:gﬁv éc?{hc%agqngp?%tgggdg? ﬁgglanaspc% rgiatzc a%a ci‘SJ%EtgP gi.aiﬁéc-
numbered elements described above also refer to the same elements
depicted in FIG. 6. Optional contact 83 is shown formed over the upper
surface of capacitor 82. Trench isolation regions 28 may be formed by an
STI process, a Local Oxidation of Silicon (LOCOS) process, or other

suitable process.

[0035] A translucent or transparent insﬁlating layer (not shown) may
optionally be formed over the elements of the pixel. Such layers might
include materials as SiO,, BPSU, PSG, BSG, SOB, BPSG, or TEOS, any
of which could be planarized as appropriate. Conventional processing
methods may be carried out to form, for example, contacts (not shown) in
the insulating layer to provide electrical connection to source /drain

regions, floating diffusion region 25, and other wiring to connect gate
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met hods nmay be carried out to form for exanple,
contacts (not shown) in the insulating |ayer to
provi de el ectrical connection to source/drain

' | oating diffusion region 25, and other
W%"ﬁgﬁ 26’5 connect gate 9 WO 2005/ 011260 PCT/US2004/022564
PCT/ US2004/ 022564 |ines and ot her connections in the
pi xel 210. The contact holes are then netallized to
provi de el ectrical contact to the photogate, reset
gate, transfer gate, and diffusions. [0036] In
gener . igd-as IS I i red,or
conveﬁ#§€¥3?%§§}0%§§?%gu JPQ P%?%%@ Fﬁgﬁéﬂﬁﬂgﬂﬁﬁgg%dmn
descr mptillredab prévidy ¢leaticabnomméthodiic pBo@Bht¥, reset gate,
illustrative. Thgg&afhniques descri bed above may be
i mpl e AR B @R S¥85-vari ety of fabrication
technol ogies. [0037] Wth reference to FIGS. 5-8,
gat e0e3®)aci t Ol EhdefS PR6de 8bs\ihdybe Vakiedhd B flifli\bsi On

node 25 can selectively increase the storage capacity
of t peovenigat forg rartidulss pravessdipav. ZBhe dbove dreription of

ci rcugst.ances. for a e under.. | ow |ight )

condi ﬁﬁ, %ﬁ%‘,orﬁ rflarlrl%/is %éngg%?sr%a&v% £8e Esehpiapes desgibedppove
i nher eny be tapRaichyedodit heidd wakiynsr filidchtish RRLAOEISL5-
Under such low |ight conditions, the capacitor 82

r emp inthe “off" or i i.ve state; thus, the
capli¥dr a2 Pubrigreas [AREY SafEatorprdir S8 3spristdvith
or i sAg{igNAgtiod Rod 3418 LicLAHIP ' L0
conditions w tsﬁogrce)at er light i ét%ﬁ%ﬁ%ﬁc%{aﬂ#&%gyd
desi r isifloating diffusioprndsiot2. tlheomekerenstanapor txample ddter

floatjng. ,di ffusi on.node, 25 and the addjti onal
capaciot“gh hgé:\cl)ln By %lg’bg%g?sbrf“ 2° O“%nta (O fpheprng

| i ght dapaeirydoftthe AsatidgOdifeNeiRbEe 28aRIEARRRIGW g2 | S

sel ectively activated by application of a voltage to
cont atndgEqns, Pregapastor §é érpdinnial the fiaffyer bretvagete; thus,
capacij.y, ' t ' _ citor 8

o oui despdiiof 25 AR ol CFAGRER s bupd®E 1n
t r ansbeer edcuntands incilidg amdifeisoditogiead ligh QR 8ityAlt

s B He SERBlasoTER o ire iniobeiEs: pessy o thfoging

When gipgsieaRdaE ©8an82hd Kdirional capacity provided by capacitor 82.
Under such "high light" conditions, for example, gate capacitor 82 is
selectively activated by application of a voltage to contact 83to provide
additional charge storage capacity. This selective gating of the capacitor
82 provides additional capacitance for storing charge transferred to node

25 from photodiode 21.

[0038] An exemplary operation of the pixel 210 of the 'mvcntibn is
now described with reference to FIGS. 7 and 8. When the capacitor 82 is
in an “off” state, the floating diffusion capacitance comes from the
floating diffusion node 25 p+/n jlinction only. If the capacitor 82 is in an

“on” state, the capacitance of the capacitor 82 is added to that of the
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in an "off" state, the floating diffusion capacitance
cones fromthe floating diffusion node 25 p+/n
junction only. If the capacitor 82 is in an "on"

t capaci tance of the capacitor 82 is added to
S‘L(g{og%?"%’ﬁe 10 WD 2005/ 011260 PCTI US2004/ 022362/US2004/022564
floating diffusion node 25. As a result, the total
capaci tance of the floating diffusion node 25 .is
i ncreased. [0039] As shown in FIG 7a, the gate
capacitor 82 and the transfer gate 50 are in the

" of f " fiedripRiiffdiod Rsdeesd Af g Lntegrati
time, the fl oating diffust %ér%ﬁﬁ’%g%él cﬁP%c\l/tlg% s‘?ffgﬂ? eset
by t hdoategatiffusiemesddst2oris ifcorasetl about reset gate 40 is
ready to receive electron charges 120 from the

pho bpde 2 . i4or, 82 is turned "on" before
tur E({tﬁg Y. on" ]Astsﬁg%fl %ggg?'e}ra’ 1 8Rte FAPAREOr S AR the ttanster
7b, ogme50he nahatofPdsta82 ArftHe EREof the ARSLE

are trﬁgﬁg,"on) " electron char ge30120 aar:% ?né%gtg%rggpg’
move tipge difivsien AP a5 previquslyireset by dhe maget dhahfistsi on
node Romedl citance of the floating
di ff us) Of@h‘%ﬁg ’E%t]g%tg %g\?&j 'icg‘%)@’ %ﬁ%ﬂcg‘ﬁ“‘iﬂ?ec%ci k20 from
capactht pho8@liodel . €Thescaparitos B2i i) itfed P I fbeR thidbne “on®
phot o iodef21. 'ﬁrgere IS no char%e sharing with the
phot odf 5885199 8ate Al Af shovpin BiG. 78, ghes the cqudiodr 8%sand the
shownrisfeFiggke 50Care blt§e e, ” Ri AL, SONDL i Ses

t urni ng “off" the transfer gggbggﬂgﬁ% ]tQ%ear%ﬁf E‘ch‘i?r
82 afmeye Eemphepkotodiode gé to thafibaing diffesiéheode Tt $iRek

di f f ugi ode.25, T, | ectr charges__120 are in

the fRSE ncgapéﬁ‘?Pﬁcs?fgﬁc ot Aitusion nog: #2 qogiiargsyenough

sour adne thahd eaprEitdrreNHedd BhoWRathik fE‘c‘hl l&%\c;inglﬁ'é §h°t°djt°dF
ollo 0

connected to node 25. The source r transrs
converlt sThgie isqiantheszeshaningewith thophetodiotipal, andl thagso lag
[004L],Wth reference to the above description of

FI GS. g7a-7c, FIG 8 illustrates a sanple tim ng

di agram of operation of reset gate 40, gate capacitor
82,[U8AQ] t r ands shovgaingFig(Vc, fae sdrvpixel opeFitan dmpafséer

act i 0N« Of» 1t he reset ansi stor 40, the capacitor
82 is I%I?% e(gé’ " %lﬁ.rlra[l)lé]crogaéc %é raﬂﬁ ﬁéc capacitor 82 a.?tcr coenplctc

charge transfer into the floating diffusion node 25. The electron charges

120 are in the floating diffusion node 25 and are read out by source
follower transistor which has its gate connected to node 25. The source

follower transistor converts the stored charges into an output voltage.

\

[0041] | With reference to the above description of FIGS. 7a-7c, FIG. 8
illustrates a sample timing diagram of operation of reset gate 40, gate
capacitor 82, and transfer gate 50. As shown in FIG. 8, after activation of
the reset transistor 40, the capacitor 82 is turned “on” before turning |
“on” the transfer gate 50 in order to transfer electron charges 120 from

the photodiode 21 to the floating diffusion node 25.

[0042] FIG. 9 illustrates a block diagram of a CMOS imager

integrated circuit (IC) 808 having a pixel array 800 containing a plurality
11 -



"on" the transfer gate 50 in order to transfer

el ectron charges 120 from the photodi ode 21 to the

floating diffusion node 25. [0042] FIG 9 illustrates
hagramof a CMOS inager integrated circuit

?ﬁo%o@sg(géﬂhavi ng a pixel array 800 cont ai ni ng®gL U>2004/022564

plurality 11 WD 2005/011260 PCT/ US2004/ 022564 of

pi xel s arranged in rows and colums. The pixels of

each rowin array 800 are all turned on at the sane

time by a row select line, and the pixels of each

colu Is ' jvye col um

sel eg{a fPils( ﬁgéﬁ%gﬂf&ﬁq%&ﬁ ow | | %e'gﬁcz&gagséé BEL VB 2rray

act i v&Dedrdnll mrnedvordatithe sanBd imie by arre@peabadinkparidie pixels

addresF dSCOE’g 820.. The columm select lipes are

sel ecPf GFFOIERT YALEE Y LRI R FeRErEEtcafumpp erleck lines.

response to colum address decoder 870. The pi xel

arr 90450 i s DReFoat Beks Aye Jetteuvd'cljﬂdaﬂa@a dy aGORdREr 810
circuit 850, which controls address decoders 820, 87’(51
for &BPeREitpgoV hedisissicepiarai2. rw cohunmsslagntingsi are s

for pj . S r 0 L J and contr ol

oi'r cor el Aesa i umn BB BSOR BitonSeft dolboon ¢
sel echddressydcopii 876. Thgaie] arRReSIC ©bp&ted[H)AAE timiAEand
pi xel colum sjignals, which typically include a piXxel
reset Co%qf‘gr%'FmE U, Whigh, gongrols address densdess; 8202870 o, 5) |
are r ] | Neuj cl ated
W th ek e ST et JR ol for B AORRELAL R
(Vr s, TheVinjigg and cqrtod azedt 850 diafy fbe ment dogdenearipd tithirgy signals
862 for ac;h1 ixel whichis. anplified and digitize
by ank? SEEEPRIS BT RACEE S5 (ADG) . The

anal og-to-digital converter 875 supplies the digitized

pi xgbosilgnal SThepird] coluRPLgdg) RGO pidA iNhtha&dla SR reset
perform i r{a e processing in which signals read out
from pspd 899( ahda gixgl ippage signal{Ysy) care Faad by ayspmpple angrold

i Nt engirtly 861 BRRRed WRAMOM %@ﬂc&%ﬁ@éb.%’ﬁg%aﬁﬁ signal

treated as levels of green light Intensity,
si gnal¥.fr\ag is prbduicocebs diffe entinloanEifien862 for ehch pikelrvettch is
The result

ar cen* TRLRG] 1 SEE bEFHLE kiEel ROvasds (ADr FEe

CONPORENSES td-Qightell donderedy FREBuBPldR the HiFRGE pixel signals to an
image processor 880 which can perform image prdccssing in which signals
read out from blue pixels are treated as levels of blue light intensity, signals
read out from green pixels are treated as levels of green light intensity, and
signals from red pixels are treated as levels of red light intensity, for

example. The resulting red, green and blue pixel values can be provided

to other components to define an RGB output image.

[0045] Turning to FIG. 10, a typical processor-based system 880 is
described as including an imager device 808 with pixel cells configured as -
described above in FIGS. 5-8. Processor-based system 880 is exemplary
of a system having digital circuits that could include CMOS imager

devices.
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[0045] Turning to FIG 10, a typical processor-based
system 880 is described as including an i mager device
808 with pixel cells configured as described above in

Processor - based system 880 is exenplary of
woq‘ao?@mﬁﬁaw ng digital circuits that coul d :TFE Xﬂgmzzsm

CI\/OS i mger devices. 12 WO 2005/011260

PCT/ US2004/ 022564 [ 0046] Processor-based system 880
contains a central processing unit (CPU) 1286, such as
a m croprocessor, that communicates with an

i npw()/él:g:]n put P&A)c/ Cor GG stér%%%00¥§t{ﬁxtnasfa?cgﬁ,¥r Zpggggéﬁmngaumt

808, whi uces an 1 nage ou

ar r ay(CHl )sbz&ﬁo Bﬂmhl’usaahﬁﬁopﬂbdeksoi' ftﬁat Rl d#BReOWRA aRUS
1289.. The, proc based syst em 880 al so includes
rando‘ﬂ?‘é‘c/é’g Zﬁfgi JeviaRAME 20y e3a bus? 8%a Iniager 8Qf which

peri Addes 48 Hh &8RS0 drl e 85 .
and ?}Eo czs;lct di sk u%%%%&\ﬂspg&l g,p%(%g&% %‘ric
co nm@l’@dﬂ@ 6WivEhb'GP2882 %@teccsidnémkudi&yé@&%% dls”mﬁaﬁdcs
808 na dbe conbi ned \A@{fg\d? gégc sor such as a CPU,

di gi t &IOR8 MHPOEE 1233, 3pd mayrindede periphgral Heviges,
Wi t hasath BROBGPpySdisk B8R 1985And S | Ui t
or on a di ffe%bent chip than thecep g%tecgi %%@kg]dh

Wi | el 284ewhishpbogesumitiete with STTURRSS ooér thadus DYENT i oN

rel at ells a floatin fusiagn
gat o sl B ly BE LR RN e Sipre Sty B P, At
cont rsignlabskobssaebefiidryproadsbry Mith @R wathobh frehRRR f] ona
under ertain circunstances, for exanple under

i ght®! FREFURS CIrgHE @ erog ﬁlﬁcrﬁ’@éﬂ}lplﬁbﬁmcmrmcmong an
"inactive" capacitor (turned "off) under [|ow light

cormoyypns, W}ﬁlcsthé LE&Q deSeritg cﬂlrb{)di%c%dts LEGR IS L hat

the broad scope of the iInvention Includes vari ceue
ot herreletege Pixst cqlis xempeising s flantdng diffagien gele\dapeitor, in which

separd fidndlcah BE LLALRA B &0 O R B e S Whder

Con'pon nts I1n a senicon
act i watthioriroiméthsces dapatinipld weder hip® light @94 di8BnE Bﬁbl es
hi

an | for exanple, to achieve a high

dyna rqatgn%)é y magﬁalg@gﬁm " H%ch‘f?é| capayitgh (turned "off') under

Si gnabw Ligh NQIrRRHdRL btk sk in the art will recognize that the broad
scope of the invention includes various other types of pixel cells and
imager devices separately or integrated with one or more processing
components in a semiconductor device. Selective activation of the
capacitor of the invention enables an image device, for example, to achieve
a high dynamic range, high output signal, high signal-to-noise ratio, .and
optimized charge storage capacity under any type of light conditions, as

well as high conversion gain without chargc sharing or a lag output signal.

[0048] Although the invention is described above for use in a four
transistor pixel cell for a CMOS image sensor, the broad scope of the
invention is not limited to such and may be applicable to three transistor
pixel cells as well as pixel cells having more than four transistors. The gate
capacitor may also be used with any suitable image sensor, and may be
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optinized charge storage capacity under any type of
light conditions, as well as high conversion gain
wi t hout charge sharing or a lag output signal. [0048]

%E&RH%GJ he invention is descri bed above fo;c%§=2064rb2§564

four transistor pixel cell for a CMOS i nage Senso
the broad scope of the invention is not |imted to
such and may be applicable to three transistor pixe
cells as well as pixel cells having nore than four
transi stors. The gate capacitor may also be used with

any sused dh exainphgeith OCID imageidndoey Dathes, AMough one gate
2005/ 011260, PCTI US2004/ 022564 used for exanple Wi t %a

CCD i §#B#fdtos énillgsteatedpa drsgrib calwnﬁwéqfemeo gﬂe@ 5-8, it should

o Fr cadergobd WAERER §hnild SERRIIEH nth SlolhE sBLERTFo -

one didaeingalifacidonodeay al so be coupled to a floating
di ffusion node. [0049] FIG 11 shows a sinplified

cir 400 f enpl.ar ' havi n ate
_cgp |%$r Eﬁttgiéﬁé%%g ﬁﬁgﬁégm#gﬁgﬁéﬁﬁf%% %ﬁﬁy
connegta elrﬁ@uag{ fathgagitel 4d2UsGa8 ¢ e
sour ce %DD The gout pl%tgltst gg‘?e oé&B mc%%ofgn% lgeggynlgmnyag

pr ovi ascged e atloatingdifutios ngdat25 arsd V(dtagp sours YP&).sThe

e S R LR

si m |@.ftpitmﬁﬁlgr&ﬂs hﬂdbhie floweng diffesien abed 28 Soddce blpddr i N
the pi xel of a CMOS | mager. Source follomer 460

conv e‘i“’t@lsg%r SreEas e 4 a{“il] f‘?ﬁcrag%ﬁ(bg’ea @pglar anner to the
conn as;ye@;c;coclcrﬁaws 58| REd i th g,ﬁaef Pé%cﬂz?dé) i e%?t §ou4r§é)

Unl i k CMOS 1 mager, regi st oper a TOor rnput
and Cfal‘l@\utr 440 @inotas gemdrchlngds mban g&lxaﬁc&ﬂﬁ@d cobf€cted to

i mager de i ces described a e or med at
di f ? P8t CC"sFiféséSt"‘fclEﬁ"m@)gaFpr Qagmf &{‘33 HBEChgesister
arr aysed caaeyforhﬁmrm@@atpﬁ%{s fidto- g%h&chdﬂc H‘Fg%apl xel s.

Furt her, the above-descri bed enbodlnents of

oD Ddes  Phidmagr iegees G5t P may b fareied ot diffreat
i ncl uges Mt B?aﬁn ILAS %m&’écrmg{r%sﬁﬁ% bt dut ?lméﬁ%ﬁcfs Yo

ot her confi gurat i ons.
about 4 megapixels. Further, the above-described embodiments of the

invention include CMOS pixels with shallow buried photodiodes. The
broad scope of the invention includes other types of photosensitive

elements in other configurations.

[0051] The above description and drawings illustrate embodiments
which achieve the objects of the present invention. Although certain
advantages and embodiments have been described above, those skilled in
the art will recognize that substitutions, additions, deletions, modifications
and/or other changes may be made without departing from the spirit or
scope of the invention. Accordingly, the invention is not limited by the
foregoing description but is only limited by the scope of the appended

claims.
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[ 0051] The above description and drawings illustrate
enbodi nents which achieve the objects of the present

i nvention. Although certain advantages and

enbodi nents have been descri bed above, those skilled
in the art will recognize that substitutions,

addi tions, deletions, nodifications and/or other -LOYDWISE
changes may be made w thout departing fromthe spirit
or scope of the inventiCWLCMé§%$dingly, the invention
is not limted by the foregoing description but is
only limted by the scope of the appended clains. 14
LLOYD1IW SEA fakthbd/Bf forméngrepixel] capfisingi ng a pi xel ,
conprising: faormn hot osensor on a substr

te,. ' .
ot 0SS 2cRhaRsenig Tna SCPURIGa PR S gy ting nd storing

?ﬁg@h@ge@y}ransfer transi stor having a gate on said
ubstrate and adj acent said photosensor; formng a . i
reset fonming iastransfen dxangigton hgeing acgete ah saispbsirate éingd adjacent said
og a side of said transfer transistor gate opposite
PHPQSPRB osensor: forming a floating diffusion region

oNn saif§msHPatredk eransistoP BAVBE R Bifd 6h bdidnabsrate anblon aséde of said
transi stor gates; and formng a gate capacitor over
dmhefestiransistortaate enpesitfataed PROIRENI®r bei ng | ocat ed

bet We%]rnﬁﬁéq ﬁJa%ﬂgzﬁmﬁ% re{gﬁgxeérf Ez{iaﬁﬁfasstltag{ ?.rgfafa&@e@rp 6hid transfer

el ectricalPy conn oati ng usi on
ra@@re3Bt trahsisidrgateeidmdd of claim 1, wherein the gate
capacitor, is forned over a ? ri

n of the floating . v
G 11 USPERINE Bgh CAPRFISR, 0xt SR SUsiiateo fhes Bitg CabisaipF Beipe located
Petwddf sHRLtRRGfP ind Rkt Trahsisith @hRl Andalk@sically &tindctb@ &ethe floating
transistor, transfer transistor and gate capacitor
aliffudfiar regtbnat a sane processing step. 4. The net hod of
claim1l, wherein the gate capacitor is fornmed over a
portion of an isolating region.

2. The method of claim 1, wherein the gate capacitor is formed over a

portion of the floating diffusion region and an active area of said substrate.

3. The method of claim 1, wherein gates of said reset transistor, transfer

transistor and gate capacitor are formed at a same processing step.

4, The method of claim 1, wherein the gate capacitor is formed over a

portion of an isolating region.

5. A pixel of an imager, said pixel comprising:
a photosensing region which receives incident light and generates photoelectric

charges;

a transfer transistor having a gate on said substrate and adjacent said

photosensor;

a reset transistor having a gate on said substrate and on a side of said transfer

transistor gate opposite said photosensor;
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5. A pixel of an inmager, said pixel conprising: a

phot osensi ng regi on which receives incident |ight and

gener ates photoelectric charges; a transfer

transi stor having a gate on said substrate and LLOYD WISE
adj acent said photosensor; a reset transistor having

a gate on said substrate and on a side of said

transfer transistor gate opposite said photosensar;

f ; .
15 LLe@viffwsi@Eregiondfof frecsiving pyjpeameratad ¢haggss fromy said photosensing

hot ogenerat ed charges. f ' ' ' tes: and
R e

reset af N@Reionk Ofapdéitd@s swindi@blyabpdralblst too reraap awpsmtance of said
swi tchably operable to inpreasquag?citance of.

id
diFisian t5gane G FAPSciton HEXDBCH BUF IWEAR R Motk P [iGosep gnd reset
E\r%%gp @ d transfer and reset transistor gates. 6.
| Fa

ger system conprising: a processor; and a
CCD i mager coupled to said processor, said CCD i mager
conpri si ng: egister for inputting and outputting
phot o-6generAapgé)rE&@Fb@';swgl’&’@lpgélgghode, connected to
recei ye, bQ8shgido- generated charge from said
regi ster; and at | east one gate capacitor connected to

t he stadt@Q@émageteouplad ko gpad Qrocgsgpraéquti &CIy gppggr comprising:

| ectivel le to.] .
capaci t ance R0 R TupByb ARl DR e e

claim6, fuibeige AP écindged itorirewgiventhe qiwta-génerated charge from
circuitr for generating a timng signal to
sel ectsp gfls@ﬁé\ndte the at | east one gate capacitor.

16 at least one gate capacitor connected to the storage node, each gate
capacitor being selectively operable to increase a charge storage capacitance of

the storage node.

7. The system of claim 6, further comprising timing and control circuitry

for generating a timing signal to selectively operate the at least one gate capacitor.
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