T CMOS | MAGE SENSOR W TH FLOATI NG DI FFUSI ON GATE
CAPACI TOR FI ELD OF THE | NVENTI ON [ 0001] The present
WO poosfotizem rel ates to a pixel circuit of an i nBQEUS2004/022564
sensor having an associ ated storage capacitor.
BACKGROUND OF THE | NVENTI ON [ 0002] An i nage sensor
circuit includes a focal plane array of pixel cells,
each one of the cells including either a photogate,
phot oconduct or, or photodi ode overlying a charge

n
41 GV GRESERBR TEH PO ARG B GSION 64T na
four transistor rthe active elenments of a
pi xel cell perform 2 5 Eoton to charge conversion;
(2) accumul ati on of |mage charge; (3) transfer of
charge to a fl oat i FIBLD} ORUSHBINVEN EIQNnpani ed by
charge anplification; (4) resetting the floating

di_ ffusion node to a knovvn state before the transfer of
ch8PQEl t o i thheEryscapinvention refptes top pitel Fiseuit ehapmage

f I
repr%lsséﬂﬁ ﬁﬁgﬁggﬁoc%@s&raglzﬁaéa%{tﬁfez tSIrgﬂgl stor pixel
cell the active elements of a pixel cell perform (1)

photon to chgmyAEKGRUENSHWOF TRE IRPCENYTanN on of i mage
charge by the photoconversion device; (3) resetting

t he phot oconversi on device to a known state before

ch@Pel acc urz?m iataigc rst;ns(oat)cirsveﬁlt evtidns adbcad p;lu‘r»cealrrafymf pixell
read n out nd anplification of a
repf ﬁ'ﬁ%n 'hﬁlcf ﬁ%‘%m G‘(Q]Ot%‘ft@ﬂi’ ‘PfQC‘P uctor,
r 0,
conver#@ggaﬁd%% 9_%;%%9 our-ﬁtrfgi;?s i stor a(gi.].r)?‘tratc

Pi X 6br dQuinsl ot&géheiﬂt&f clarg€cld ®B8o®fentid@al four

© omt/riggiist%? aClMOS 1malgrcr:ragtlele iStrl]vscocrlemcnts of a pixel cell perform: (1)
photon to charge conversion; (2) accumulation of image charge; (3)
transfer of charge to a floating diffusion 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

1



taken along line IB-IB of FIG ITAis showmnin FIG |IB
The pixel 10 generally conprises a transfer gate 50
wo erosoransf erri ng phot oel ectri ccharges gener at BOI/U82084/022564

pi nned phot odi ode 21 to a floating diffusion region 25
acting as a sensing node. The floating diffusion

region 25 is connected to a reset transistor having a
gate 40 for resetting the sensing node. A source

foll ower transistor having a gate 60 is connected to a

row Is . i . gat 0] Iy s

v bl AL il B RA B0, ab L b Reton
60, 28Qictibpac alsénsidy fBYe. bEhE dontale difinint REics I8 & @hnected
gates 40, 50, 60 and 80. [0004] As shown In Fig. IB,

phot@direwe tansistor haviogtargats 46 fyr wsethiag|thevsqisimgenbde. A
phot odi og j ust beneath the surf%ce 15 of Cgubstrat
20. STHEC SPHTES FATSEERI e 845 §0ds Fpyegsedsto a row select

PROLARGIRE haVifieh fe sOUMTuBly %8%{%&9%%%%&?% A5 22 are

p-type surface®reyion ypée

reg Fﬁiﬁvi&@d bt dares 40,160p80S $patdrad2 n2d belfoeRel along the
isolation regions 28 are fornmed in the substrate 20 to

i sobideeof gaep#Qeb@, 60 ud $0.a pi xel array. A translucent
or transparent insulating |layer 30 may be forned over

t jxel 1Q. nt ac FlG .|A .pe formed i

¢ BEORHET af AisghipRpaR Fap I nhosrintt 20 Rl e o shallow
CONpRflcdhOioie jRRWEAE AL hkRONGNSE srrdck OB I

di ftusion region éS, and other wring to connect gate

| i npmnedglithdiode AAngpichlynisasiaplidtosdpisiiet plRp jLASRS] region
FIG 2 depicts a conventional four transistor (4T)
CVOSOIMREgagAdrréYic syriRes regigh 24 apd rpontipeyphetipdioge region

pol ysi l.L,con capaci t or Ol4.r 100.. Photons 112 are
Db 3P ol oot HiR kRt 7° ot pdi §0op S5 5S of 2 Foted
N thghe! €BERAN0 ti8olRic YR g)u&‘lko&lﬁginoad@xglﬁarra A translucent
El ectron-hol e pairs are generated, and the gfectrons
ar eoc ahhgerar insulating kagird0 26y bk fohredomratic phel @dj ode
21 as long_as_the transfer gate 50 is "off". The
i acCts . may b¢ rormed 1n the msulating layer to
pi nhegtacts 32 (FIG. 14) be fi d in the insulating layer 30
provide an electrical connection 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 (C,,)

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

), which is a highest

applied voltage of the p-n-p photodiode. Once the transfer gate 50 is

photodiode 21 is characterized by a pin potential (V,
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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phot odi ode 21 is characterized by a pin potentia
(Vpin), which is a highest applied voltage of the
w@20050160t odi ode. Once the transfer gate 50 iBCT/US2004/022564

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 tine, the
transfer gate 50 will be switched back to the "of f"
state.[0006] FIG 3 is a potential diagramof the

PRI nobre T v res i LB sl oo
NSl aRleds BT RURRR SLE ol alyfgheeen

112%cabhansof dhie§filkel & 4 Maxiphioh oRintiste of k1@ &idak &hech can be

el ectrons in regions 21. The charge capacity of the
phogangiasded agd stagedhvl thetphotediodt 2dnsPhicrons I U2 traasreittda/to

h d 2 hi 20 i d i d

D APE RS DRge BY BRESH HRGIRIPEREEs SLUB N chsfee capacity
ppr5R _ | .

PRt a6 eddiodn g1 W8 okt fths SRk d by Bhdod el

chayzr Thiaetd J20 ishiktghobedhssioxiddattly badhe pahed Poentis
unable to further respond to the incident photons 112.

The(Vexq f photatigde 2hand shaphdwoiddecaphfiee(Clyd. When the
nei ghbori ng pi xel s as the excess charge ves t hrough
suldStPratie® ZQF“FW?E FIRET PR ’@H@Eﬁsitaanﬁix P@%CQPH@W, the
el Qe [ . { e

71 gt 8k AR RIRHAN B0 i Lo FBRRY FERBR AT

" capaidehyphétons 100 e TheaktEsdRBarps cd@ice aBloGRidYyeffRe to
capacity of the floating diffusion node 25 and that of

capeighbpringpixels 09 0% exFess.charggappeassheongixerpptraey20 into
R S S e

£ Ul Lug ) : .

e R e AR ke Sha HIRRPhS: 8Eyisau SR obieR
nodeagixity’herseort slectrang s ddiamingd be e egpatite of the floating

phot odi ode 21 and floating diffusion node 25. In this
castiffusipe moda@b and that of capacitor 100.

[0007] FIG. 4 depicts an exemplary charge transfer operation in the
conventional four transistor (41) 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

3



transfer gate 50 goes back to the "off" state,

phot odi ode 21 will retain signal charge which m xes
wordlk/ogener at ed si gnal charge of the next franRCTHSRDH1022564

i mage lag. This saturation of the floating diffusion

node 25 limts dynam c range of the conventional four

transistor (4T) pixel. [0008] As pixels are scal ed

down in size a lower floating diffusion node capacity

is seen whjch further |owers.the dynam c range of a
p. xehen pirelsgrg dspen. boithisimd S@%ragﬁﬁ?wgo &8>
s e L R S e R e R

eVedl‘ﬁﬁ@iBnﬂidﬁ@'té u@d’r@as&‘éﬁ em%c ca i Se Mk Stad{ALEU.S.
capacitors, e.g., cap ac%u{%gr 10 EQ@Z have beeEgg’

pr opused 6,429,480 amdtél;12Q4;524 () &honlgs quwcsmxo mucrimbepatmors
U SEiES asing tro 63beT Gt 1o Bt ErSRRRE Also are
"'0"‘&%1’ ‘?{vel SHf &1@&98#@&%%? aNQ'yL ﬁ} {;19&11@@% ehﬁ?ﬁms%dufusion

capacl cé of the usi on no are

r el @édes eMbrédviek @au&i&laaﬁrdca@mgﬂﬁe SdraRyGuildd © fogl 4
with die floating diffusion node.  Moreover, additional

pr ow@ssitargosipledstoghe floegug dgtiisian fieden a capaci t or
coupled to the floating diffusion node. SUMVARY OF THE

I NVENTI ON [ 0009 ' [ ion provide
four transi st or@Wi&%&ﬁ%&ﬁﬁ% | s having a
gate capacitor associated with the floating diffusion

ophi ch EABORRMSRS BFHcA wntﬂn{e% iRk fofls mﬁ%&aﬁ%ye

storage capacity of the floating sion no
gatimapapenior pixet atlisthaviagongite capdcitof aysoeidtedtwitdh ehsfivaing
time, and usjin the same process steps, as other gates
of diffpiengrode svhich eanebgsoleqtively| q&f;ratﬁqb@qg}crme shygtorage

d | h
e R b e VD O
Ci I GUEBHAGHS Fotnhed BB 8aE Hh ARG dsthy! @e%a&@ ﬁft@@‘ess steps,

i nherent capacity of the storage node plus
as other gates of transistors of the pixel cells.

[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.



addi ti onal capacity provided by an additi onal
capacitor. The gate capacitor can be selectively
woepesatrd t o add capacitance to the storage noPET/ES2004/022564
needed or desired. [0011] These and other features and
advant ages of die invention will be nore apparent from
die follow ng detail ed description diat is provided in
connection witii die acconpanying draw ngs and
illustrated exenpl ary enbodi nents of the

i nvent i on. B AR PESCRIPTTON GF THES DRAKNGRGS 0012] The

foregoi ng and ot her advantages and features of the
i nvention will becone nore apparent fromthe detail ed
dest2] pt i olheffomgeing and/ odwbhediantages apddedtaeed of ghow

F] el ooy e Ao AR dschi

t ' : ' - bl t.

[og e DRt PRSI RAZ BARSRIPIcEen c RHET |
| MAQ&H o @laxghgsf ragnent taken along line IB-1B.

[ 0015] IE—?%Q[Z depicts a conventional 4T CMOS i mage

sensor. [0018]4 FIG 3 is a potential diagramof a
£8012ht i ondIG4 TAGKMESOR plsovicw @f R regnegentiagiat faustesgsistaron

per i ad. 7] FIG 4 is di agram depi cti ng an
opedégsiwu%ﬁrsﬁﬁsqrrpé ?’@gmreﬂ‘t'a conventional 4T CMOS
sensor. [0018] FIG 5 is a top view of an exanple of a

;ﬂfg(\)/%ﬁopi G, 1B 186 SRfdaAEha il ONbie FTE IR QEnddpe

n. [0019] FI Ge 6 IS a cross-sectional view of
t hepipehielgmdnl tiddcnal@ds lime FEBAB.5 taken along line A-A
of FIG 5. [0020] FIG 7 illustrates a sinple energy

and_di agram faqr the
?OOIS]d J 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.



operation of die pixel constructed in accordance with
one enbodi nent of die invention. [0021] FIG 8

WO kdoasinet es a tim ng di agram of the operati onP@F/US2004/022564
pi xel constructed in accordance with the
invention.[0022] FIG 9 illustrates a bl ock diagram of
a CMOS imager integrated circuit having a pixel array
according to an exenpl ary enbodi nent of the invention.
[0023] FIG 10 illustrates a diagramof an inage
IC{IO‘OQQ%SOV SBISE. enilluktirdteg & bipckBagEMiSOfi n@YEOS iinhget r at ed
in FI 9. [0024] FIG 11 illustrates a si rrpli{ied
ci r oukgratast ciecugdpvingaypixe bEdT A A% QAN EXERPIAET v
enbodi, nent of fItge.i nventi on. DETAI LED DESCRI PTI ON OF
THE PR FRNPI O 3512 R he ol | owi ng det ai | ed

description, reference is made to various specific

3@2@ ment 313!@. MGk Rea URgSIh ioPhn TRMgd ?r(ﬁit?s@)fr isfseén

enbodi nents are described with sufficient detail
t o emifibing thb @M Okintdger illustraded inHIG: 8. practice the
i nvention, and it is to be understood that other

enbodi nents_nmay be enpl oyed, t hat strugctuyral and
| E924d1  chaflgest WS%C%@@R&%%&&F&“%%? hcﬁé RAZE t he

spirit qr scope of th e ' t:] : 1.0026] The
ter ﬁﬁccrgjd‘ﬁstf)rdg‘[ ge@%ﬁ.ﬂ%ﬁoﬁ&kggﬁyﬁg lhu\ge on’
i nterchangeably in the foll ow ng description, and may

i ncl ude aPYETREMETY DRSTRIPHIONQBEIEINVERTIONUUr f ace
of which circuitry can be forned. The structure can

i nclude any of silicon, silicon-on insulator (SA),

Slda%9n- on- fARRMN i i35h, YRRPARH is made ¢

s@rq?%gnduct %égmgg%%@tﬂcg{/@%gr . Si Ffécon s}?nggoFt %d

by gahasapsant epmodiheits it theinvatidnahigbe practiced.

sem conductor structures. The sem conductor need not

be These embodiments are described with sufficient detail to enable those
skilled in the art to practice the invention, and it is to be understood that
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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silicon-based. The sem conductor could be
silicon-germani um germanium or gallium arsenide.
wOb@s/oteber ence is made to the substrate in theCT/US2004/022564
foll ow ng description, previous process steps may have
been utilized to formlayers, regions or junctions in
or over the base sem conductor or foundation.[0027]
The term "pixel" refers to a picture elenment unit cel
contai ning a photosensor and devi ces, such as
t{0823] st or THeaermdipirei’t fafigs ¢b e pictoreagamencumniadelht i on
to an electrical signal. For purposes of il]ustration,
a rc@pr%@egtaanhqt@scpmeand @cwqcu%lsﬁ af B@nsisforyfer FP@YFF@@%

and descr ti.on herein, t cal ly-fabricati

A el RbreRee By er e il B PRy i
a iRl f@% r@é&nta'&vﬁgm&y mﬁﬁﬁﬁat&i ﬁ{"ﬁﬁt%ﬂ@&ﬁ{d bed
above re ei the sa el enents depi ct in FIGS.

5- &esdriffdic) hdrtm$hmiltydndmﬂy itetensoo of all ipixals inha imager will

invention is applicable to pixel cells in any
ar rmﬁg@ﬁéﬁﬂu]éimfoﬁﬁlyé'h@étm@% faghpon. nL&{@rl&tmbﬁcsiiiCiqaimther

t duct Th t
RS AR SARCILGE PG Re Y Bt IRE e e, or
ot her inmage to charge converting devices, in |ieu of

q00bgYi odes; sh&fld ibRidddelstG6¢ Hindlché iRRn@bn is applicable to
phot o- generated charge. [0029] As used herein in the

degdxdl ptllson anfy atﬂaag«:memwatndom;lcnthneoﬂ for lamgratpjn with othcr

designations,_ as in "p-typ ",an 'p-type", are yse
t hecoeaﬂﬁmﬁ%fmm%w@wr VERRPILRAE FPHPT

I MEUr t
caphilabt Epalliaf @ii"f@éédlﬁﬁéﬁnéf’%@? g o HEEe 1

+ cony el devhres) mlﬁé‘ﬁi o‘ﬂ?h@t&ﬂ(ﬁddsxfdmﬁlﬁaﬁitchﬂ%ﬂﬁddm’of
type shoul'd be |nterpre ed to nean that the doping
corpenoganemtedothargd.at i npurity is heavier than the
dopi ng associated with just the letter identifying t he

I[ESB%@;%O} & gﬂthlg?etfrtl ug % Acslérlgt%r]; of the m(]ff\:/r?t{osne ltl\{’ “t ’he
“p” designations, as in “n-type” and “p-type”, are used in the common
manner to designate donor and acceptor type impurities which promote
electron and hole type carriers respectively as the majority carriers. The
“+” symbol, when used 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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used as a suffixwith an inpurity type should be
interpreted that the doping concentration of that
WO paniRgo i s |ighter than the dopi ng associ at ePICT$1904/022564
just the letter identifying the inpurity type w thout
the "-" suffix. [0030] Figs 5 shows a top plan view of
a first enbodi nent of a pixel constructed in
accordance with the invention. Fig 5 depicts a four
transi stor pixel 210 which includes transistor gate

50, pheafdiodd 813hd RAGHS URT AN SOYK 98 afOAILOUBicted. The

tra|}133| stor gate 60 and readout transistor gate 80.
Aphetaasistofs adbcard gdteasd ), dnds80phaddiods 2drandal so
depi cted. The transistors, associ ated gates 50, 40, 60

and flgeting Histusifiroarede225 havr thecamicfyneian asismumpbiereds
L R e R R
co nqro'aﬁﬁg QirfulsRA! éaggcigdrf 42141000 63PSRE [RYer %%?ac\h%k gﬁt@ as

one | ower capacitor plate electricallycoupled to the
f | ogldctifrally tdwsled vo dedfodmgadiffusionupyler2 caphai tipper

pl ate connected to a contact 83. The structure and
opercapiciar phte ¢qanesipdperaePirefht She straeyes anshepegadon of

L N M | N

showiGisn1 Kl €8, hd 2h&sd L@ﬁy kO BkdsirhistQoraapesi tor 82
is formed over a portion of the floating diffusion

node 25, and is |ocated between the transfer gate 50
affio3kket gatsahd®n iThdGe &pdui floating2diffosien sapavitac 82\ie

S CRCENTE NN e
tr a%%{vzﬁgc rt‘%}? ;T/‘xt‘a%sﬁp ggte%pa\ﬂ?cmés&lngitc BipX ef&}ca%lﬁg%ig&%éév%s

82 needs o a sodrce ternnal®as no ermna
| S RAGRERAIr¥a BhAGEILAS the\WRatifl Efissienede 280 ahet@padidr
is the floating diffusion node 25. Metal |ines can be

f abB2canedcopy € bngecrcakahpaoditaattr8Biswhi g D a

Cap SEMGonl PR T cpaiterch Breb pribhpauct appggs no

gat .80 t@?ﬂnﬂ%&%@és% sidBL ehPBwer electrode of capacitor 82 is the
floating diffusion node 25. Metal lines can be fabricated to connect with
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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(descri bed above with reference to FIG 1). [0032] The
capacitor 82 can be forned in a manner simlar to the
w@eimgseil2zecon gates of the transistors of the pPEEUS2004/022564

including transfer gate 50, and at the sane tinme as

the process steps used to formthe other gates of the
pi xel cell transistors. For exanple, an insulating

| ayer may be bl anket formed over the substrate as the
gate oxide layer, then a polysilicon blanket |ayer is

f or@(ﬁgﬂﬂ{) s%ic:cgégt?%yﬁgl 1{3';63%% 46, X eé}]lgp t:2hsi@Br gate

I NSu S are

phaoticthike gh aphips ebhoinit & pixebshrayt @nfl e paf@eiddost B
and the other transistor gates. Thus, nas i.na and etch
st epmertgnef dihgicapadities 8dds eorowddniancreBwhererinde¢senotgaipek

50, ,source faol.lower gatef0, ro l e ate 80 and
r esBE P f%scﬂﬂ?vea?ﬁ?a’o‘%ﬁ'ePgPFoéﬁ%‘%{\ésiﬁrOf‘g:tgF 8fuct ures on
a chip containing a pixel array can all be perforned

alooBe Saﬁesm.'@d%ﬁ&@ aCRRRGEL RInaP ‘e%vsofftﬁégsggé}y i#fdd in

area where it does not bl ock the photosen area,

e. FIG.ghdbngiliad-A1 of BIGE be Aygdgem in BEBY, ckp4sitod 82
depicts a cross-sectional view of the pixel depicted

i n Qediesst lgagrypeities of trenchrisqhitmn sgigns 28 Haawever, iFpimuld
6, ,capacit.or overlies at.,l east orition of trench

i sol?ea'gl?%eﬁ“?gai%%‘ht ca 3&{,&8{}%@ e} b%ﬁ)cﬁcﬁi PE ANHEHSF 00d
thadortiBR oF3RBG4OD0 8RinFRYic REmt ?w@gs QUST oABYmQtdffer gate
portion of substrate 20 using the sane process step?

t 0 F@yresct parest(srsogatdob@yerr gse 60 gatvesdét gacu@ end other

foll ower gate 60, row select gate 80 and ot her
t r ARSI SR BG4 P SALIINAS 3 RIUH AR AgicEe may

pi xel.. ar . .There m i gnal Ly be a cap layer, of
rec el b P el R IR Qe Gri iR B n
corgauig chbRipTadd R ahed BerdBt §3 ik @ Ghsihg! MYk OE Pa5H
vapor d%éosition (C\/§I')), for%eieg’an%ltﬂe, or§ gnodi er VAt
deplepiosition (D hifquexanfflo 3] anashahdwpnsition EecAnidie.

opti onal sidewall spacers 92 are shown forned al ong

ﬁ;%bgﬁihg:f fslfo%ni%fﬁ’&géa:to%tiggalasri] cvxga?lps%gicctrg r92 %%é shown
formed along both sides of transfer gate 50 and capacitor 82. Like-
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 insulating 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

9



el ements descri bed above also refer to the sane

el ements depicted in FIG 6. Optional contact 83 is
waebwdn1f260 med over the upper surface of capaci POF/USRN4/022564

Trench isolation regions 28 may be fornmed by an STI

process, a Local Oxidation of Silicon (LOCOS) process,

or other suitable process. [0035] A translucent or

transparent insulating |ayer (not shown) nay

optionally be fornmed over the elenments of the pixel.

Suchide@%R8 Sk HVnnk A48 tHBpREL 216, GheSoflact BERVare then

PSG BSG SOB, BPSG or TEGS, any of which could be

pl anaeiallzdd as papyide pictaicel cdtrmrenttho phbtapnes esset gare,

nmet hods _may be carried out to form for exanple,

contteasier @at, aBAGHYSIONS- t he insul ating | ayer to

provi de el ectrical connection to source/drain regions,

fl kng di ffusian,region 0 [ W-Tring.t

cIBRR0 g it st 8GR ey pR el A el o,

210.cohbenieRMoR Glpai@d 5 fbeest ABHY. TER@AboveedtstShRiPYf de

el ectrical contact to the photogate, reset gate,

t r arfsthrécatigatragthads isdorfly ilbistmtve. [ DHS 6dchiiyuge descaibed above

process steps may be varied as is required or )

conVB#i &6 tmplsmc&¥f¢iawth@owéﬁ vBrigy i fabggiontrdinglegies.

description of fabrication nmethods is only

il ati vesr: j CL.| Hov . :

| HOPSTLA: e etk b HIES, B3k PEp RSN 62 TRUciBd with

t ecliratiagideFusiéWaddE 29Vckh séleé@icgn@erdase fle(GeoraBe BapadRy of

capacitor 82 associated wth floating diffusion node

25 d¢heafloatieg diffision mededS.ecIn hems corenpetavegsabirtoxample insder

floati di ffysi on .node .25, 1 n sone circunstances, for
exanpv it aeRAFioR" i g Hegirsiceylg i@ onfi reiggh f inherent
desi . l\Y,: ljgﬁg t ' e(ﬁ% gﬁpﬁ f the
fl ogtgﬁ%é&ééﬁggog%ﬁéo e g)él ﬁﬁ}éd%?_ suct lC?ow :V{;g&f&
condiohttshs, tHeecapadiagi20fknthing iarthe Mol rifetivekiate; @hus,
inactive state, thus, the capacitor 82 is not
act ithecapiciar 88 dnnetaativagdfandzoatiact 3 flgatswmdegrounded. In
other circumstances, including conditions with greater light intensity, it
may be desirable to rely on both the inherent capacity of the floating
diffusion node 25 and the additional 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 invention 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 junction 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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ot her circunstances, including conditions with greater
light intensity, it may be desirable to rely on both

wo b@sionfzer ent capacity of the floating diffusiPeI/nsme4/022564
25 and the additional capacity provided by capacitor
82. Under such "high Iight" conditions, for exanple,
gate capacitor 82 is selectively activated by
application of a voltage to contact 83to provide
addi ti onal charge storage capacity. This selective

gat iflogting difigiciagedd 251 A82 rpsudy ithle fotalddiphdinaé of the
capacitance for storing charge transferred to node 25
f r offopting diffistte ade 3DB38¢reasedexenpl ary operati on of
the pixel 210 of the invention is now described wth

tq FIGS. .7 d.8. ,W t he . It 82 i
| BOGITICE  Asolpn if K0 75 At BRCE N epihs Fape
comgseef S PMetiNhd koa® taaek. dif flsi mg%hg%eqﬁ\écgrq,tion time
juncCtion only. If the capacitor 82 is I n®n n ’

st atle flodungdiffasiohande 25f prebi@usigpaset b9 th8ZestStratiehesk t 0

that of thefloating diffusion node 25. As a result,

t he ferpres abansaesct gredtOos ready to|reegivangjectrdrt duirges tifom
5 ig increased., [0039] As.shown in FIG 7a, .the gate
cap?&? Plg?togfcgn%l'tﬂée %?pé‘ﬁg?%gg\m e %‘i‘egf’fﬁr‘iﬁg 1 fon
St abge writhsfld121c€50. s sh > 70 | 8P did e

floati trfg sdi f lﬁSi on ngd%q%qg%\ﬂbbhg%ﬁ%ecgg%&%og%&%{@mc
r es etantfengse Sarre huhed ¢ oaljoeitctes eharged B2 % Brei iBleb @AY

to receiyve el ectron,char}ges 120 from the phot odi ode

21. maye fraip abe phetogiodes2 t te thefloasing diffigipe node R5nPince
"onYy t transfer e H0.. As,.shown i G 7b, once

¢ hets Sl pBRtSte AR g uFitet abe 25 Spdv gt egoush
n Ond_" %ﬁ%& . *. r Eﬁl. E)a V 2

t he 1rﬁot odi o%gmg&}i{{%gﬁ%r%é?%ég%ﬁ ng dfaf%%és?logﬁrfg]éggg@dc
Si n2é. {Ter¢ btral clnapasdiatiagovitipthd plieotbtinalei 21g add fthushOhg
node 2 5 is now | arge enough due to the capacitor 82,

t he?i8iils n o remai ni ng charge in the photodi ode 21.
There is n o charge sharing with the phot odi ode 21,

an%4d]us N0 Ak @own in Fig. 7c, the next pixel operation comprises
turning “off” the transfer gate 50 and the capacitor 82 after complete
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 2 CMOS imager
integrated circuit (IC) 808 having a pixel array 800 containing a plurality
11 ‘



signal. [0040] As shown in Fig. 7c, the next pixe
operation conprises turning "off" the transfer gate 50
wapashheecapaci tor 82 after conpl ete charge treeEi82004/022564

into the floating diffusion node 25. The el ectron

charges 120 are in the floating diffusion node 2 5 and
are read out by source follower transistor which has

its gate connected to node 25. The source follower

transi stor converts the stored charges into an out put

vol tgeveld QQ%?QCE%BWQ gﬁ& rc%ﬂﬁﬁni OI‘HQ ?]le @@ ach row in array

descrlptlon ustrates a
sanp8 @O dernlingrieidagr ﬂmlﬁfsaﬁmeﬂﬁé Ib§>r:l IOfJV sesetingaine the pixels
gate capacitor 82, .and transfer gate 50. As shown in

FI G ofgacl relymmarciselseiivaly oRtRUdyrremerty eplgmsrsslecalines.
the capacitor 82 is turned "on" before turning "on"

t f t 0 d f I t
01" 20 TREHY oot s ot et 2 AR B Gt Lo

di f fﬂé?d}ﬁc 'E(S’g@w%adrdsQQé@JdeFB% THel dopghhatee: 1ﬁ1é§|a9& K
di agr a CMOS imager integrated circuit (1C)
haviselpcavely aetivaesd lagya 86fnoosdlaitor 8G0 in p:lspklim‘lcltb)cofumn

pi xel s arranged in rows and col ums. The pixels of
eac Rddssss decegar 70 sdaleaPléelaarraYt&ﬁ%@@péwt by Hee gming and

ti e, b I OW. i ne nd, { he

col um™s) 5“%‘@@5{) b W@St dt?écspég §26’c§?(8Eﬁ{

sel egfectihP€ife agf18fdite IB& AW RS

acti vat ed by a[{ﬂr}oévﬁdrl ver 810 in %@%%}xi;g&ctqgigrn\éﬁfexdout
addrBsstinéepaied cGRfol civeitdilumay delwed td peressatartiming signals
sel ectively activated by a colum selector 860 in

r esporiskctrly aperts ORI £3RHOE Sder 870, The pi xel

array 800 is operated by the timng and contro

¢ 'o[b@i‘liﬁ 850&#{#&& C%M% dg)’ﬁ&sﬁgﬁﬁ?fﬁﬁfuﬁ ) npelxé reset

r sef ecti e approprl e’ row a

Pi Xalgrial (W3} akdagodt nnérga:es@mmvgg) adiel réfItby Qkarﬁ;bl(e(‘aﬁdthold
850 may be used to generate timng signals to
sel edchirdo] wpmiaced vathyheaobapastieowor 880. A differential signal

(Vi — V) is produced by differential amplifier 862 for each pixel which is
amplified and digitized by analog-to-digital converter 875 (ADC). The
analog-to-digital converter 875 supplies the digitized pixel signals to an
image processor 880 which can perform image processing 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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[ 0044] The pixel columm signals, which

typi cal l yinclude a pixel reset signal (Vrst) and a
we@eoosi1izemge signal (Vsig), are read by a sanpP@r/asmbo4/022564

hold circuit 861 associated with the colum sel ector

860. A differential signal ( rst~ sig) i produced by

differential anplifier 862 for each pixel which is

anplified and digitized by anal og-to-digital converter

875 (ADC). The anal og-to-digital converter 875

speddles thercleokivasdl Histetl 8860 9BAtaths!Oceditral PRREssing unit

processor 880 which can perform i nage procesSing |

whi ¢GPEI)JrR8i6s suchad aomicrdprocedsbtjehpi cophmuaicates vadi ¢ as
level s of blue light intensity, signals read out from
gr eHBWUS/ Q@pyt Q/@?fié e 28X ovenachus bi8%r bargaridgt gfhlch

i ntensjt and signals.fromre i xels are treated.as

| o BIEhisHs B ARBpR roRCT PiFEl 153y, Eled cintigges Wik tne
res ' n I X :

P oo e e e pheBlof T 880 a1 ingluces
I magmdopDietbis memoinRAM)RI283, 20d neaytinpludaiperipheral devices,
processor-based _system 880 is described as including

an ra fipppy tiskodravan] 286 pide comphetsdigo (DY QM diive
des¢x g bed apaoye in FIGS. 5-8. or- hased system
880??%?’&1%‘5% I%Pfo&mgn%%t“élﬁ? ﬁi{}?ﬁg §§ i°gF% g‘fcstﬁsr ts

t haimegu gbsl Mey BEofMited WRE G HrHE%bSE SudlPRABEP U, digital
Processor-based system 880 coritains a centra

pr ogigsalipngeasstir} of feitdppidt8&or.swith o sviehoiit iR HERGAGE on a
t hat, communi cates with an jnput/output (I/0O device
1289ngl¢ dntegrased citagpor pragliffergpgchipiham ther prggeser.an

i mage output froma pixel array, also conmunicates

' he CPWIEH s ..1289. , The pr.ocessor-based
:t/ds({l*gt 880 Al sgsﬁﬁ% gvﬁ‘éﬁé‘ggsfgﬁ%%%ngé?gﬂg‘% HE%F lgmon
128lata 6! pikey cdiB ebiRisPl 4 AHAIR difBYbA G8t&S ifwhich
fl oppay di gk d?ive 1 Sgﬁggd a conpact di%éﬁe%éD)tRO\/IW .
dr i sapadigBue cen be lkontrebed bymelaitivataetivition &Rbe tagfritoy @hder
the bus 1289. |Imager 808 nmay be conbined with a
pr o@é@b??c%%ﬁncﬁg’ r epgplgidenhigh hight conditions, or

alternatively by maintaining an "inactive" capacitor (turned "off') under
low light conditions, one skilled 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 pixe] 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

13



si gnal processor, or mcroprocessor, wth or wthout

menory storage on a single integrated circuit or on a
waledoserent chip than the processor. [0047] Wi PET/UR®04/022564

above-descri bed enbodi nents of the invention relate to

pi xel cells conprising a floating diffusion gate

capacitor, in which capacitance can be controll ed by

sel ective activation of the capacitor under certain

ci rcunst ances, for exanple under high |ight

condistd émiSexadiplektigy 08D inedge sopsoral Fugthei,AGthatgh one gate
"inactive" capacitor (turned "off) under |ow | Ight
condiap@ies is Blustraticilland dleseribedevigh refarence te EHGHi 7-8, itshbuld
t he .broa scoae of the,invention includes various

ot hei® iHseerogH thatamprethap Ong ga%s fARgenoiHRgY alsg be coupled to a
Sepaﬂd’%ﬁﬁ%ﬂjﬁﬁsi&ﬂh%&é.at ed wth one or nore processing

conmponent’'s I n a sem conductor device. Selective
activation of the capacitor of the invention enables
arf0Ddfpe dewIcr,1]f diovwexasimphfied dradtd@y forcanhdx@hplary CCD
dynam c range, high output signal, high _ .

si grisrseihaving @ satetGapacien ¢t 83pt Gate apactondda is tlortigally

[ A f Ligh it , I
B N B A S BRI RS, e
20 Pl SreE SRR ALihousi iy e

cel louftput sigrflOGnH nBeefl saimgadiffusibe node dd 5s sepee lidwe

invention is not limted to such and nmay be applicable
to tnsistaranisiesgase 40 xand et gated4Qdn p similasimannee & Idee

havi re.than four tr.ansistors t e capacitor
rmy iR Y okt 818t P8 Pee CRGR RS SO
MBY fEIEMAS ' '

F o ARl et mco T ag iR Tonncered to
and rdesclecbednsistbhhavéfie pereck8(t oURLKSa GMB)S intagehaugieter
be understood that nore than gne gate capacitor may

al sFSBPREABS & ppuiand YHPIhgt BReussnsRtAd ¢hargk0049]
FIG 11 shows a sinplified circuit 400 for an

i;gg@g(%) {))r/ p ci it %Fé deVs Iéé gﬁfcsib%ata%OQQ Brﬁ&i BeXordied ac $efent
sizes, for example, as imagers having arrays of about 1.3 megapixels to
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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connected to a floating diffusion node 425 and vol t age
source VDD. The output stage of a CCD i nage sensor
w@e@siotesd sequenti al pixel signals as output sSPUIEBR04/022564
and uses floating diffusion node 425, source foll ower
transi stor having gate 460, and reset gate 440 in a
simlar manner to the way these elenents are used in
the pixel of a CMOS imager. Source follower 460
converts stored charges into a voltage and is
connected to row sel gtaliMi@nsi st or havi ng gate 480.
Unli ke a CMOS i nager, register 486 operates for input
and out put of photo-generated charge. [0050] The
| Wige is deiwiedes ntwsand desitedivobe prasecive Bokensers futent of the
different sizes, for exanple, as inmagers having arrays
of &@@GFiﬁmgxﬁ%gaplxels to about 4 negapi xel s.
Furt her, the above-described enbodi nents of the
i nvention include CMOS pixels with shallow buried
POLOHieaRisE of JPRatti@ad iie@Recathpiififgi nvention incl udes
ot her types of photosen3|t|ve eFenents i n other
configurations. [0051] The above description and
dgemiragsg chdrget wih e phesestnpemt s whi ch achi eve the
obJects of the present invention. Al though certain
adva es .and nts have been described above,
¢ roegealte st T i R oT PO damP TR
substitutions, additions, deletions, nodifications
aﬂﬁé&fve@‘ﬁ@[ca&ﬂ S RYEShIFY st@@ag’é&q BadMyl ST siRRarti ng
fromthe spirit or scope of the invention.

and Accordingly, the invention is not limted by the
foregoing description but is only Iimted by the scope
of the, appended. cIa| CLAI M5 What is cl aied, as new
aREPHEIng 2 cleetrisal g %f%ﬂow teéﬁ%ﬂfé t‘iﬂ&ﬁfgﬁfﬁd of the

ni t d States is: 1. A net hod of operating an i nager,

to sai onpIT si ng:

2. The method of claim 1, wherein said act of selectively
increasing the charge storage capacity of said node comprises

selectively activating a gate capacitor coupled to said node.

3. The method of claim 2, wherein activating the gate
capacitor operates to eliminate substantially all charge in the

photosensor during said transfer.

4., The method of claim 1, wherein said act of selectively
increasing the charge storage capacity of said node occurs prior to said

charge transfer.

5. The method of claim 1, wherein the imager is a CMOS

imager.

6. The method of claim 1, wherein the imager is a CCD

imager.
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generating charges with a photosensor; transferring

charges from sai d photosensor to a storage node;
wa@elosoiizeéel yi ncreasi ng the charge storage capaeCT/ySmin4/022564

sai d node; and producing an electrical signal in

response to charges transferred to said node. 2 . The

nmet hod of claim 1, wherein said act of selectively

i ncreasi ng the charge storage capacity of said node

conprises selectively activating a gate capacitor

&Z”%?H“’: 18 Grcifd®mptisicie method of claim 2,

ereln activating the gate capacitor operates to
elimnate substantially all charge in the photosensor
dusubgraejahdt ransfer. 4 . The nethod of claiml,
wherein said act of selectively increasing the charge

storage capacjty of &%i d node occurs. Eri or to said
ch apragyfafly pixesin TP ARRY CGPEFAPm 1, wherein the
imager is a CMOS imager. 6. The nmethod of claiml1,

(A=Y ' ' . ' j grated
I R A SR ity
the pBdtdh Biergy té phbteRldpirkethagge;ay conprising: a
phot osensor operable to receive photon energy and
convert the photon energy to photoel ectric charge; a
f dorting diffysions ragion KyiT6FEIFiBE ﬂil"eE’é?Wf?ﬁtrt%e

char Cr;}gltlgel ectric charge; and

at least one gate capacitor connected to the floating diffusion
region, each gate capacitor operable to increase a charge storage

capacitance of the floating diffusion region.

8. The integrated circuit of claim 7, wherein said photosensor
is selected from the group consisting of a photodiode, photogate, and

a photoconductor.

9. The integrated circuit of claim 7, wherein said at least one
gate capacitor comprises a lower capacitor plate electrically coupled to
the floating diffusion region and an upper capacitor plate connected

£O a contact.

10. The integrated circuit of claim 7, wherein said at least one

gate capacitor is located between a transfer gate and a reset gate.

11. The integrated circuit of claim 7, wherein said at least one
gate capacitor is formed over a portion of the floating diffusion

region.

12. The integrated circuit of claim 7, wherein the pixel array is

a CMOS pixel array.
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at | east one gate capacitor connected to the floating
di ffusion region, each gate capacitor operable to

WO p@searRed a charge storage capacitance of the PCDEBI004022564

diffusion region. 8 The integrated circuit of claim
7, wherein said photosensor is selected fromthe group
consi sting of a photodi ode, photogate, and a

phot oconductor. 9. The integrated circuit of claim7,
wherein said at | east one gate capacitor conprises a

lower capacitor plate.electrical]ycoupled to.the
f1daths glteglfaffdg?lb%mr %fgﬁi%}ﬁ‘ n‘@ﬁ%fﬁ“%fg)ﬁdgxé APy Rerpied by

. C . ontact. 10. The integrated circuit of
umm%%gﬂpﬁ?ﬁf?&v&%%r er'n said at | east one gate capacitor is

| ocated between a transfer gate and a reset gate. 11.

The TAt aaeptaeel Eitdutiof cldhn T3 avheréin thkeatging S cbnatol

| east one gate capacitor is forned over a portion of
circuitrh gefidrates Rngnidigfsignal tnsalesgively opegate Teat lnass gnatgete

circuit of claim7, wherein the pixel array is a CMOS
capacififye| array.13. The integrated circuit of claim 7,

wherein the pixel array is operated by tim ng and

cant [ i : e dblegrated circuit of claim
1@3,1' %%?%Pﬁ@ﬁg‘%‘?%laﬁ%mghgoégﬁgg%| circuitry generates
a timng signal to selectivel yoperate the at |east one
datmimgapphotosensot bn aAsubetritedsadd phorosemsgra pi xel ,
conprising: form ng a photosensor on a substrate, said

detectipbrpk 4REHE PROLAE ER$1§Yand stori ng photon energy;
formng a transfer gate on said substrate;

forming a transfer gate on said substrate;
forming a floating diffusion region on said substrate; and

forming a gate capacitor over said substrate, the gate capacitor

being connected to the floating diffusion region.

16. The method of claim 15, wherein the gate capacitor is

formed over a portion of the floating diffusion region.
17. A pixel of an imager, said pixel comprising:

a photosensing region which receives incident light and

generates photoelectric charges;

a diffusion region for receiving photogenerated charges from

said photosensing region; and

at least one capacitor switchably operable to increase

capacitance of said diffusion region.

18. The pixel of claim 17, wherein each capacitor is a gate

capacitor.

17



formng a floating diffusion region on said substrate,
and formng a gate capacitor over said substrate, the
w@aios/ocepaci t or bei ng connected to the fl oati NBCT/US2004/022564
di ffusion region. 16. The nmethod of claim 15, wherein
the gate capacitor is formed over a portion of the
floating diffusion region. 17. A pixel of an inmager,
sai d pixel conprising: a photosensing region which
receives incident |ight and generates photoel ectric
ch@r ges; did fysi .eqi LeGel V)
% SRR HRYBR EF O bn el e o on:
sensoAR&idahethAsdonidiapaci tor switchably operable to
i'ncrease capacitance of said diffusion region. 18. The
pi xel of claim17, wherein each capacitor is a gate
caypeiingat legst onephotesgnestr A eibsneath afughRceshver si on
ain.in an inmge sensor, said t hod, conpri si ng:
substit, i Gach PREwSTI0 QPRET S Alrissr PRIl cibat h a
S ﬁ%ﬁ? i n phot osensor
and Cé%‘;ecﬁrg%z%f} %‘8%51 e%}gg%f p t%ﬂrgegg‘gircgl Q%tg convert said
photon energy to photoelectric charge; activating a
gadtRatagagatcdtaphdtornolinasssecharggestatiog i ng capaci t ance
of a storage node; transferring said photoelectric
Cﬁxmﬁﬁaﬁgé@@@WQEQP@dein each photosensor to said storage
node; and converting said photoelectric charge at said
st or age. node t,0 l.ectrical.  si . . An image
SR BB R0 G e o el ol

each pixel in

photosensor to said storage node; and

converting said photoelectric charge at said storage node to an

electrical signal.

20. An image pixel array in an imaging device, each pixel in

the pixel array comprising:

a photosensor operable to receive photon energy and convert

the photon energy to photoelectric charge;

a floating diffusion region for receiving the photoelectric

charge; and

at least one gate capacitor connected to the floating diffusion
region, each gate capacitor being selectively operable to increase a’

charge storage capacitance of the floating diffusion region.

21. The image pixel array of claim 20, wherein each
photosensor is selected from the group consisting of a photodiode,

photogate, and photoconductor.
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the pixel array conprising: a photosensor operable to
recei ve photon energy and convert the photon energy to

w@b@soel2ect ri c charge; a floating diffusion reptDOS1004/022564
recei ving the photoel ectric charge; and at |east one
gate capacitor connected to the floating diffusion
regi on, each gate capacitor being sel ectivel yoperable
to increase a charge storage capacitance of the
floating diffusion region. 21. The inmage pixel array
?h cl al wher ei n_each photosensor is selected from

e'é?@ggﬁggﬁg¥§P?ﬂﬁnchﬁPg%%godiode, phot ogat e, and

phot oconduct or. 22. A CMOS i nager system conprising: a
R 68836, an@nd an imagi ng device coupled to said
processor, said inaging device conprising: a pixe
array, each pixel in the pixel array conprising: a
pindtmganpsdeviapeuabldetot said poetsser, shidl iomgager gy and

. convert the photon energy to photoelectric charge; a

dcwc%QQ%ﬁﬁﬂﬁﬁkﬂffusion region for receiving the

phot oel ectric charge; and at |east one gate capacitor

connect t h I ! di f fusi region. each gate
capaci % @Srédbagfa&gg%él pg%{l i“{]v g?cyb %%lea}%gag{]%) r’?‘%% Slu{]r% rease a

charge storage capacitance of the floating diffusion
r egi om plstosci3er bpagble t6%8¢ctvd pHotohanegandf ur t her

conprising timng and control circuitry for operation
sbnyvere thyi Redtograngygy to photoelectric charge;

a floating diffusion region for receiving the

photoelectric charge; and

at least one gate capacitor connected to the floating
diffusion region, each gate capacitor being selectively operable
to increase a charge storage capacitance of the floating

diffusion region.

23. The imager system of claim 22, further comprising timing and control

circuitry for operation of the pixel array.

24. The imager system of claim 23, wherein the timing and control circuitry

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

25. The imager system of claim 22, wherein the at least one
gate capacitor increases total charge capacitance such that said imager
system has increased responsiveness to low light and high light signal

conditions.
26. A CCD imager comprising:

a register for inputting and outputting photo-generated

charge;
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24. The imager systemof claim23, wherein the timng
and control circuitry generates a timng signal to
w@edosoti2eel yoperate the at | east one gate capakCT/082004/022564
25. The imager systemof claim 22, wherein the at
| east one gate capacitor increases total charge
capaci tance such that said i nager system has increased
responsi veness to low |ight and high Iight signal
conditions. 26. A CCD inmager conprising: a register
for inputting and outputting photo-generated charge; at
at kasttorgrgatgetpacitapaninkcoredaorthe steagd Rodd)eadtt or age
node,. each gate capacitor being selectivel yoperable to
gate capagitqrchelag seleqtyelyopstablatinssnse h chirge stiraghe st or age
. 7 | mager system conprising: a
Capaatag?%gfetshé%g%?{g%eﬁgg%e'cw i mger coupled to said processor,
said CCD i nager conprising: a register for inputting
2and\@q1m%§gd}g;yg&9t,eoﬁﬁﬁ%%t ed charge; a storage node,
connected to receive the photogenerated charge from
said register; and at | east one gate capacitor
a PuPRseerethd o t he storage node, each gate capacitor
bei ng sel ectively operable to increase a charge

a 8(956}glgggra 06111% ctcf‘ W said” lgrgclgs?soxs,tsgda 88Dnicr)gfg'cr

comprising;:

a register for inputting and outputting photo-generated

charge;

a storage node, connected to receive the photo-

generated charge from said register; and

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.
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