METHOD AND APPARATUS FOR DARK CURRENT AND BLOOM NG SUPPRESSI ON IN 4T CMOS
| MAGER PI XEL FI ELD OF THE | NVENTI ON [ 0001] The present invention rel ates
gener al | ywoaeosenvzzenduct or devi ces, and nore parti cul ar lpgr/useocdatdoizur r ent
and bl oom ng suppression in inmager pixels. BACKGROUND OF THE | NVENTI ON '
[ 0002] CMOS i nmage sensors are increasingly being used as relatively | ow

g(r)fftayl ?Wﬁﬁﬁﬁﬁ!ﬁ ArENRAEIRAORDARK EihENT AN HS0BNRNEY b ohe
evice, such as e.g. i i
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phot o- generat ed charge. Each pixel cell may include a transistor for

transferring charge fromtmﬁﬂﬁgq}mmwww region to a sensing node,
et

and a transistor for resetting the Sensing no 0 a predeterm ned charge

| evel prior to charge transference. The pixel cell may al so include a
source follower transistor for receiving and anplifying charge from_the
sensi ng nq@e0Hnd The preserssnventisi selates geoeradlyriosemicongudier deviges endr t he
cell contents fromthe source follower transistor. [0003] In a CMOS i nage
sensor, nidie Iﬁ@ti'tularl? srdatlscuaert griddeloonehyg sppptessiontindmegee pde@ls f uncti ons
of: (1) photon to charge conversion; (2) accunul ation of inage charge; (3)
transfer of charge to theBgalKGROUNIROFTHEIBBENTIGN:'he sensing node to a
known state; (5) selection of a pixel for readout; and (6) output and

? ggi)iélf i %'%tdggm]of QVEITRR4gd aRbeaSTeingepiingly Isding geed aomelativelydosi agtnode.
] | mage sensors of the type di scussed above are generally known
imaging devices. A CMOS image sensor circuit includes a focal plane array of pixel

cells, each one of the cells includes a photo-conversion device, such as e.g,, a
photogate, photoconductor, or photodiode having an associated charge
accumulation region within a substrate for accumulating photo-generated charge.
Each pixel cell may include a transistor for transferring charge from the charge
accumulation region to a sensing node, and a transistor for resetting the sensing
node to a predetermined charge level prior to charge transference. The pixel cell
may also include a source follower transistor for receiving and amplifying charge
from the sensing node and an access transistor, for controlling the readout of the cell
contents from the source follower transistor.

[0003] Ina CMOS image sensor, the active elements of a pixel cell perform the
necessary functions of: (1) photon to charge conversion; (2) accumulation of image
charge; (3) transfer of charge to the sensing node; (4) resetting the sensing node to a
known state; (5) selection of a pixel for readout; and (6) output and amplification of
a signal representing pixel charge from the sensing node.

[0004] CMOS image sensors of the type discussed above are generally known

as discussed, for example, in Nixon et al., “256 x 256 CMOS Active Pixel Sensor

Camera-on-a-Chip,” IEEE Journal of Solid-State Circuits, Vol. 31(12), pp. 2046-2050
1



as discussed, for exanple, in Nixon et al., "256 x 256 CMOS Active Pi xel
Sensor Canera-on-a-Chip," | EEE Journal of Solid-State Crcuits, Vol.
31(12), pwo 28646G9650(1996); and Mendis et al, "CMOS ActricrassBaosdlcohmage
Sensors,"” | EEE Transactions on El ectron Devices, Vol. 41(3), pp. 452-453
(1994). See also U. S. Patent Nos. 6,140,630, 6,177,333, 6,204,524,

6, 310, 366, 6, 326, 652, and 6, 333, 205, assigned to Mcron Technol ogy, Inc.,

the Cont(fq%é) 8hd Wikidis ot L, "'@M(I@S)A%Eﬁé' rbell mai;@seﬁﬁrs rERER TraRS&%iond on
typical four”transistor (4T) CMOS imager pixel 150 is shown in FIG A The
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used to ate et, transi stor 120, I,ch the floating

di f f usi oﬁg @é ég%pén@ H@%P)Pé\o"%ﬁ%‘t’%ﬁ‘%‘l‘¥€ UEQ X ék)é‘FaYa‘%el s known in
‘the art., [Q007] e source_follower transistor 130 has its gate connected
to the fm@m@t@? p$ g piRed phpidieds, dransfer transister bw,@@@megrda iHHsigns ay
supply voltage Vaa and the row select transistor 180. The source follower
transi sti§gi cisseeirensisies 12Rasquace fdloxrrdransigdor LYhendgodiselagsi on regi on
FD into an electrical output voltage signal PIX OUT. The row sel ect

t ransi sttsangistor d8Q.r The pboto-pbgneersion dastieac100sis gnahected to the Heating i vel y
connecting the source follower transistor 130 and its output voltage signal
Pl X OUT d iopotegion FDriey t@0traisfer ramsibtoald@yvhen the transfer transistor 110 is

activated by a transfer gate control signal TX.

[0006] The reset transistor 120 is connected between the floating diffusion
region FD and a pixel supply voltage Vpix. A reset control signal RST is used to
activate the reset transistor 120, which resets the floating diffusion region FD to the
pixel supply voltage Vpix level as is known in the art.

[0007]  The source follower transistor 130 has its gate connected to the floating
diffusion region FD and is connected between an array supply voltage Vaa and the
row select transistor 180. The source follower transistor 130 converts the charge
stored at the floating diffusion region FD into an electrical output voltage signal PIX
OUT. The row select transistor is controllable by a row select signal SEL for
selectively connecting the source follower transistor 130 and its output voltage
signal PIX OUT to a column line 190 of a pixel array.

(0008]  FIG. 1B illustrates a simplified timing diagram for the readout and
photo-charge integration operations for the pixel 150 illustrated in FIG. 1A. FIG. 1B

illustrates a first readout period 181 in which previously stored photo-charges are



[0008] FIG IBillustrates a sinplified timng diagramfor the readout and
phot o-charge integration operations for the pixel 150 illustrated in FIG

| A. FI G wBmédusizsates a first readout period 181 in wrcThuspeoswious! y
stored photo-charges arereadout of the pixel 150. During this first readout
period 181, the reset control signal RST is pulsed to activate the reset
transi stor 120, which resets the floating diffusion region FD to the pixel

supply v | Xt I . i | . ' and hol d
Feser 51 BadpaEppiepiEl R0, 1HBHE chidtriealblE Boribl 19 e B RIEL G o
the resef., fl LN I ffusion region FD) on | e. and hol apacitor of a
sanple a gnﬂ]gl?{ta"f Eﬁ@ﬁ?‘ﬁ %I? ﬁgtllv%tﬁ%ﬁrqslqg)ép@%sgqrjagfwﬁ@ re hté fﬁ? glﬂgtf%ég contr ol
signal TX,.s.then.activated to allo hot o- char ges. f t he ot ocqgnver si on
oot ce 10BRISEHGEFDY & e pites Sy Poltese, Goa Bvek: Wirlehe SIS | o t he
SEL signal .remai ns high, sanpl e and hol d_pi xel signal SHS is pulsed to
store a HigheR ng@’i%ﬁn&/gw&? WS@W@H@?W;S m&wﬁw shors messekegpakVesid hol d
capacitor of the sanple and hold circuit. [0009] During the integration
period 1@9rrespendiagde the kese flogtigg sliffpeivniegionsidy) enasasiple pgddiold X and
sanpl e and hold signals SHR SHS are set to a ground potential GRND. It is
during teRpacieref asampleand beld gircuih fotshewshint G Adersi Bn Thetransfer
accurul at es photo-charge based on the |ight incident on the photaoconversion
devi ce.. arteal sigral il isghen activateditodllo¥phatosdrwges fremdietplpdoi od 171
begins. During the second readout period 171, the photo-charges accumul at ed

i n the icuregrsion devirerliffdo beliranstenred tothe Hbatiriged ffustdn t&gfion F¥D. ddkdlei bed
above for period 181). [0010] One conmon probl em associated with

convent i thedEL sipgarepiains hiph, lasansgple Andshali pikelegirial 515 isighilstal to gofe £nt
that is, currént generated as a photoconversion
pixel signal Vsig from the pixel 150 on another sample and hold capacitor of the
sample and hold circuit. |

[0009] During the integration period 191, the reset control signal RST, transfer
control signal TX and sample and hold signals SHR, SHS are set to a ground
potential GRND. It is during the integration period 191 that the photo-conversion
device accumulates photo-charge based on the light incident on the photo-
conversion device. After the integration period 191, a second readout period 171
begins. During the second readout period 171, the photo-charges accumulated in
the integration period 191 are readout of the pixel 150 (as described above for period
181).

[0010] One common problem associated with conventional imager pixel cells,
such as pixel cell 150, is dark current, that is, current generated as a photo-
conversion device signal in the absence of light. As shown in the potential diagram
of FIG. 1C, dark current 161 may be caused by many different factors, including;

photosensor junction leakage, leakage along isolation edges, transistor sub-

threshold leakage, drain induced barrier lower leakage, gate induced drain leakage,



device signal in the absence of light. As shown in the potential diagram of
FIG 1C dark current 161 may be caused by many different factors,

i ncl udi ngwopbetassasor junction | eakage, | eakage al ong ipselmtécani@dges,
transistor sub threshold | eakage, drain induced barrier |ower |eakage, gate
i nduced drain | eakage,trap assisted tunneling, and pixel fabrication
defects. One exanple of a defect is an interstitial vacancy state in the
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The above and other features and advantages are achieved in an exenplary

enbodi mehleoBTng géferinie desived. bilse neediedds asimple methayl affabmeging pidel t hat

i ncludes the act of applying a relatively small first voltage and a

pl ur al i tgpeshtipgisyek agfixel. second vol tage on the gate of a transfer

transi stor during a charge integration period. The first voltage being a

smal | negative vol tage anBRIFRSEMMARY OR THE DEVENTAONTRI | positive
vol tage. When a snall negative voltage is applied to the transfer gate,

el ectrons (0042] woTlhel imamtiain providestemédidd ofopeatingrabineiger Wikd] stk tead
reconbi ne with holes thereby substantially reducing dark current. Wen
dark current and the factors that cause dark current in imagers are reduced. The
invention permits a reduction in dark current without a reduction in pixel capacity
and without causing blooming.

[0013] The above and other features and advantages are achieved in an
exemplary embodiment of the invention by a method of operating an imager pixel
that includes the act of applying a relatively small first voltage and a plurality of
pulses of a second voltage on the gate of a transfer transistor during a charge
integration period. The first voltage being a small negative voltage and the second
voltage being a small positive voltage. When a small negative voltage is applied to
the transfer gate, electrons that would normally create dark current problems will
instead recombine with holes thereby substantially reducing dark current. When
the small positive voltage pulses are applied, a depletion region is created under the

transfer transistor gate, which creates a path for dark current electrons to be

transferred to a pixel floating diffusion region.



the smal|l positive voltage pul ses are applied, a depletion region is
created under the transfer transistor gate, which creates a path for dark
current elecbemns3o be transferred to a pixel floati ngpdirfusosiconsot?
regi on. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014] The foregoi ng and ot her
advant ages and features of the invention will becone nore apparent fromthe
detail ed description of exenplary enbodi nents provided below with reference

to the-acconpanyi ng draw ' I.ch dllustrates a
conventional four trans},\gﬁgﬁ' Pﬁ%ﬁi@%#%ﬁb&ﬁéﬁﬁ@ém] FIG IB
illustrate I di agram for operating the |er ui,t of FIG, IAin
a conventi i@@l‘ﬁ namﬁﬂglf"r g CﬁP@erféVF‘?T%F pRd §a"é‘r%‘?{tg‘5én}5‘iﬂ ion will
diagram for the pixel circuit of FIG d& when op rated i n accordance with
the FI Gbeeme mcwg agpPaksndon doa dptatled; egcrﬂml%to gxegplary iembegiaieRts am f or
operating the pixel circuit of FIG |A in accordance w th an exenplary
enbodi meprovided helovhwith referentetmdie aocampenying deawingsdn avhielyss- sect i onal
view of the pixel cell of FIG |A when operated in accordance with the FIG

2 timng dil@H5hm FIGOZ0jlstGtessBeonvantional fuirdrandistay (4 Patixeltdellicinnitgr am
for the pixel circuit of FIG |A when operated in accordance with the FIG

2 timng di@gedm FIGABLlustERs althmdd diagrhmsfon gperatingtheapixalocitmit ofegat i ve
vol tage and positive voltage, respectively, reduce dark current in an

exper i mFiGIL Apinketontéidaial ianel shows an i mager constructed in accordance
wi th an enbodi nent of the invention; and [0023] FIG 6 shows a processor

Z ?/ﬂs) E) g Im n% R;: gggwg ﬁte Frltﬁvlgzn }[111%%%tes@€olltéwpd5teﬁﬂabdifagﬁélﬁ¢or thepixel dadifieofM th an

FIG. 1A when operated in accordance with the FIG. 1B timing diagram;

[0018] FIG. 2 illustrates a timing diagram for operating the pixel circuit of FIG.
1A in accordance with an exemplary embodiment of the invention;

[0019] FIG. 3A illustrates a cross-sectional view of the pixel cell of FIG. 1A
when operated in accordance with the FIG. 2 timing diagram;

[0020] FIG. 3B illustrates a voltage potential diagram for the pixel circuit of
FIG. 1A when operated in accordance with the FIG. 2 timing diagram;

[0021] FIGS. 4A-4B are histograms comparing hc;w negative voltage and
positive voltage, respectively, reduce dark current in an experimental pixel;

[0022] FIG. 5 shows an imager constructed in accordance with an embodiment
of the invention; and

[0023]  FIG. 6 shows a processor system incorporating at least one imager
constructed in accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0024]  In the following detailed description, reference is made to the

accompanying drawings, which form a part hereof and illustrate specific

embodiments in which the invention may be practiced. In the drawings, like



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0024] In the foll ow ng detailed
description, reference is nade to the acconpanyi ng drawi ngs, which forma
part her ewb a0 1p3sBust rat e specific enbodi ments i n whi clectrhus2e0eeesdt7 on may
be practiced. In the drawi ngs, |ikereference nunerals describe
substantially simlar conponents throughout the several views. These
enbodi nents are described in sufficient detail to enable those skilled in

h ‘ . . . e b d.th h
emboal mebEiE ey et abiBR o enRfy bt cpPoReR BB L cal
b osent PRUBALTIR® [%E%H%?Sﬁ&%ﬁéﬁ%&%%ﬁaf@@&@%%?@f%zﬁéh?%ﬂ{ygg
d , 1 nel udi i i ,. Silicn-on-i t SO
o111 con- SHUESIBIF 81y ISACt G dheani eRinn SAdEITHHE Wl iactiboBIy, doped
em conductors, epjtaxial |ayers of silicon supported by a base

and undopeq s ) S
sem cond 3&%@@89%@5’&@,“@%% and thatstrticsual dogical and elagirdenl changaser nor e,

when reference is nade to a "wafer" or "substrate" in the follow ng

descri pt My, bpmadesuithpubdepartingdpomthe spiritansesnopetdfithe puesent inentiongi ons
or junctions in the base sem conductor structure or foundation. In

addi tion, t[AB2&emThertdrros wafierd inibtsulbetrate”i avete basedlerstovd asimdudingbased
on silicongermani um germanium or galliumarsenide. [0026] The term

"pi xel " eilicop; sibtoreehtitisulatar (SQI) sHiconednssaphieetd®S) and silkdoh-aenbtiingng a
phot o- conver si on device and active devices such as transistors for

conver t i (BOM) éathnoimyn eloipedrandi whdeped senticortacions, @Pitasdﬂ Teters bOSilipori Poses
of illustration, a portion of a representative pixel cell is illustrated in

the fi gusepperted Besdsdspisericdialritos foandativh) &8 bihdrabhdiéaiditoof all pi xel
cells in an image sensor will proceed concurrently and in a simlar
f ashi on. structures. Furthermore, when reference is made to a “wafer” or “substrate” in the
following description, previous process steps may have been utilized to form
regions or junctions in the base semiconductor structure or foundation. In addition,
the semiconductor need not be silicon-based, but could be based on silicon;
germanium, germanium, or gallium-arsenide.

[0026] The term “pixel” or “pixel cell” refers to a picture element unit cell
containing a photo-conversion device and active devices such as transistors for
converting electromagnetic radiation to an electrical signal. For purposes of
illustration, a portion of a representative pixel cell is illustrated in the figures and
description herein, and typically fabrication of all pixel cells in an image sensor will
proceed concurrently and in a similar fashion.

[0027]  One possible solution to reducing the dark current generation
underneath the transfer transistor gatestack is to apply a negative voltage on the
transfer transistor’s gate. The negative voltage attracts electron-hole pairs to the

surface, decreasing the depletion region there and effectively covering the

interstitial vacancy state. Accordingly, with a negative voltage applied to the



[ 0027] One possible solution to reducing the dark current generation
underneath the transfer transistor gatestack is to apply a negative vol tage
on the trwob@riib3zansi stor's gate. The negative vol t agepretrtusaaks®16917

el ectron-hole pairs to the surface, decreasing the depletion region there
and effectively covering the interstitial vacancy state Accordingly, with a
negative voltage applied to thetransfer transistor gate, thermally

gener at egraplsRiltF A t8H fm;yp e B ~
phot o- conver Eei%on leé\?f&lcga canréco géeh%ﬁg%e#ﬁﬁgﬂggﬁgﬁ%%@ol&@ r, tends to
aggr avat g, QRhHe 3 . t O bl gom Bl oo n ceurs when
the stor g%e ca%‘gche?é}ggbgﬁ]‘g{cgE@I{ﬁée&g%%\/%%z?eo%‘éq}?eggﬂ}%% msgsé)ﬁlﬂjh%ﬁ"ect rons
are stil ' at e n._t hough e_phat o- conver si on, devj.ce is full.
The extr gmgjleeé’g ?’rtgﬁ‘ggéoa?g%ﬁg% ded %%‘)ﬁem’d@g?rir%‘ﬁ g‘? asfﬁé")é‘}]ﬂga\ﬁé?%‘m%ns nay
attenpt to diffuse. by junping acro I solation barriers in adj acent
pi xel s, QETHEPY %t}}e?lﬁg{)gagicaﬁggg{ ogﬁleé?i}f&ﬁc\?@i"?’;’s“?xhée@c@éﬁ é‘gh%“‘%’my travel
t hrough the substrate and be callected in other areas of the pixel or in
per i pher §leCHPREATE %Fé@b%l@g.geﬂﬁéatﬁd SXER glgmesh thesplptoreagiversips dericeiinfwlhded
and nost Tg.ESi ra% pl ace szr the extra electrons to be collected. The
f1 oat i ng 8 eKH&iesrtrangican bheemdessveral lasptionapibe eytra elentons mag semptay
el ectrons during i mager operation and the signal on the floating diffusion
region i ©di jempingecrosstisnlatiom bayriers lintsi agjadent pixals, cartuptirgaihei] 0028]
Positively biasing the transfer transistor gate nakes extra el ectrons nore
li kel y ts#igprlsorAltemnsatiyely: the electnoisemay itravel throughdhe sebstra@tdrmbbeli f f usi on
regi on. However, applying a negative bias to the transfer transistor gate,
whi ch i scelbxtedii ethevapmaewéthe pinek orin peniphegndtauat devicesreRes lodtingr e
difficult for the extra electrons to bloomto the floating diffusion
regi on, diffisioavegion ibthedntergledrarnl miosedesirubds pteaklfer teobanseleérandiocel or
adj acent pixels. Mreover, as suggested above, a positively

be collected. The floating diffusion region has considerable capacity to store these

stray electrons during imager operation and the signal on the floating diffusion

region is cleared or reset before the pixel signal is actually read.

[0028] Positively biasing the transfer transistor gate makes extra electrons

more likely to bloom through the transfer transistor to the floating diffusion region.

However, applying a negative bias to the transfer transistor gate, which is desirable

to prevent dark current penetration, makes it more difficult for the extra electrons to

bloom to the floating diffusion region, thus causing blooming into other undesirable

regions of a pixel or adjacent pixels. Moreover, as suggested above, a positively

biased transfer transistor gate increases the dark current as a result of a larger

depletion region under the transfer transistor gate,

[0029]  The inventor has determined that the accumulation of dark charges
from dark current generated underneath a transfer transistor can be substantially

reduced by applying a relatively small negative voltage to the gate of the transfer



bi ased transfer transistor gate increases the dark current as a result of a
| ar ger depl etion region under the transfer transistor gate, [0029] The

i nvent or weoebetiessai ned t hat the accunul ati on of dark clrargssodknosmrar k
current generated underneath a transfer transistor can be substantially
reduced by applying a relatively small negative voltage to the gate of the
transfertransi stor during an integration period followed by al so applying
positive, voltage, pul ses.t.qo the gate he ansfer transistor during the
Pore. | ne EgpaRe g B8 eatbp el botloifed bF HoFnpty ik e B GPline¥ o
operatin he pi.xel circuit of, FIG |A in accqrdance with an exenplary
enbodi roRiegs 1 He gate ke fratwterirapsistor g the sae PES&@S’P“&@F}QES 220,
221 and an bmWﬁégg,feri od 320., The two ‘readout  peri ods i’;\r,e t he sane as
the conventPE3H itustiatesptiming diagram fosaperating thgpee! eiseuit of Fis,
That is, during this first readout period 220, for exanple, the reset
control bAdRaccerdance with apexerspleey iemhasliment oé the inweations F¥s, 2 ilhistrateseset s
the floating diffusion region FD to the pixel supply voltage Vpix |evel.

Wi | e t heveEeaddugrperiads 2128/9221 andampitegmtionpdriod 32@t The Gualte®HRiti s pul sed
to store a reset signal Vrst (corresponding to the reset floating diffusion
regi on Fppriods aresthehmesascthh ebnivertpail read mft periaisplesceibed hbbe i respitt
(such as sanple and hold circuit 761 of FIG 7). The transfer control

si gnal TP6 FI&. a8t iTtattds) durirgg thdsfipsh eéadaitgregizel 220) fort d@npple) thecresater Si on
device 100 to be transferred to the floating diffusion region FD. Wile the
SEL si gnedntial signidlIRST Blpulsedsaravtivatnthehebst thinstdtos vihith rSkets e AvAtERE to
store a pixel signal Vsig fromthe pixel on another sanple and hold

capaci t adiffusiériegiefFetohd pirdl Gupbplievbltagd VPBdievEE  WihiletBie SR ﬁ%naﬁ'i@s- 2,

3A and 3B, dark electrons are generated underneath the gate of the transfer
transi stigigh]la Gamiplé Bd hold AeBSIgnAPSHRLS pullRd to store a reset signal Vst

(corresponding to the reset floating diffusion region FD) on a sample and hold
capacitor of a sample and hold circuit (such as sample and hold circuit 761 of FIG.
7). The transfer control signal TX is activated to allow photo-charges from the
photo-conversion device 100 to be transferred to the floating diffusion region FD.
While the SEL signal is still high, a sample and hold pixel signal SHS is pulsed to
store a pixel signal Vsig from the pixel on another sample and hold capacitor in the
sample and hold circuit.

[0031] Referring now to FIGS. 2, 3A and 3B, dark electrons are gener;ited
underneath the gate of the transfer transistor 110 in the region 350 next to the
pinned photodiode photosensor 100. The inventor has determined that by applying
a relatively small negative voltage to the gate of the transfer transistor 110 during
the integration period 320, the concentration of holes 360 in the region underneath
the transfer transistor gate increases (as shown in FIG. 3A). When this happens,
dark electrons generated from the surface states under the transfer transistor 110

gate and/or from the bulk substrate of the pixel quickly recombine, leaving only a



pi nned phot odi ode phot osensor 100. The inventor has determ ned that by
applying a relatively small negative voltage to the gate of the transfer
transi st owokaés/dusssng the integration period 320, the ceatasbeoaiiedn of

hol es 360 in the region underneath the transfer transistor gate increases
(as shown in FIG 3A). Wien this happens, dark el ectrons generated fromthe
surface states under the transfer transistor 110 gate and/or fromthe bul k

substrat e,qf the pixel ckly recopbjne, |.gavin nly.,arel atiyely smal |
pr obabi | qe}%qe:ll&srr{) Top g@{lﬁg ﬁlia%ﬁ? P{gébpnﬁ Xf}ﬁ&% SgB&rFﬁ (?thE‘S tpg‘gg?fver si on
device. Thus, .dark current gnq the factors that cause dark.current are
cubst antSINEpSIPR st TS plosront i B ferors At can eI Ap o g
depends on the,threshol d voltage of the transfer transistor, but a desired

range fofubstn Yt‘%?@’élc? -fromslightly less than OV to a negative voltage
with an absol ute val ue 'hi gher than the absolute value of the threshold

vol t age of [032]+t r Bhe value offheisaablmegative yoltaga depemioanithe thresheldcess, the
absol ute value of the threshold voltage and lower Iimt of the voltage
range covaliagearfdbe tianafayirar(siston put a tesired namgeardhevioltege i frageslighilyd be
limted by electric static discharge (ESD) circuits in the real CMOS-inmager
desi gn. less thand\ahwla akgaibvéreoltageawithes), alisobute oalwgbigher then et absolutehe
transfer transistor 110 (FIG 3A) is referenced to the substrate voltage.
FI G 3B vdluesf th taestwid diolfage efitheivhisigetandidtoef Foeh repfalad MEOIS-@ilage@gi on
underneath the transfer transistor gate. That is, when the voltage VIX is

set to @focéss, tlegilmolutedalnest thetthfeshbR6ditdgd dred fdwbOhmiSoStheivioaghb0 t he
region depicted in FIG 1C for the conventional pixel operation. en the

121295 e et s (U e g sggehym o = 1
-0.5V, tififtited by dedsiRlseiti AMisatapO(ESIIPciaNisNa the $8ANACHE- ARGz Gt h the

In this and all other examples, the voltage on the gate of the transfer transistor 110

(FIG. 3A) is referenced to the substrate voltage. FIG. 3B illustrates how different

voltages VTX effect the depletion region underneath the transfer transistor gate,

That is, when the voltage VTX s set to 0V, the region underneath the transfer

transistor is similar to the region depicted in FIG. 1C for the conventional pixel

operation. When the voltage VTX is set to -0.3V, there is a depletion region 380 |

having a first slope underneath the transfer transistor. When the voltage VTX is set

to -0.5V, there is a depletion region 390 having a second slope underneath the

transfer transistor. The manner in which different positive transfer gate voltages

VTX effect the reduction of dark current is described below with reference to FIG.

4B.

[0033] The inventor has also determined that the accumulation of the dark
charges 300 can be substantially reduced by applying a plurality of positive voltage

pulses to the gate of the transfer transistor 110 during the integration period 320.

The application of the positive voltage pulses on the gate of the transfer transistor



transfer transistor. The manner in which different positive transfer gate
vol tages VTIX effect the reduction of dark current is described below with

r ef er encewbeods/@334B. [ 0033] The inventor has al so det epairnsdodshado1t he
accurul ati on of the dark charges 300 can be substantially reduced by
applying a plurality of positive voltage pulses to the gate of the transfer
transistor 110 during the integration period 320. The application of the
positive_ voltage pul ses on the gate of the transfer transistorll0 creates a
depl et okl0 %@ﬁ%—ﬁ asisplelion Fosian A30 Maderneash the TrRsier egpistor( X Jgate. Thie
depletion region 330 serves as a path for the dark el ectrons 300 to reach
the fl oafleplgtienfegioncisosegvespsrpathdos thamtankelentronsz}0 tpreachythafloating
difference in potentials between the phot odi ode photo-co version device 100
and t he diffigiomeegion £l ias showyiioFIGD3A MRueitr thecdifference iBgoténtials t o t he
floating diffusion region FD and are drai ned away during a subsequent reset
oper at i obetwesnehd phivtddiodg phampo-corderviont desigentdlbared theefloatimg diffiusien 100.

[ 0034] The value of the positive voltage pul ses depends on the threshol d

vol t age mdgiomEDY, tandhds carriers3tiX flow 14 the Hoating défusied regioad D andtae vol t age
is fromslightly greater than OV to a voltage greater than a threshold

vol tage dfaihé@aWa?r&imﬁg hsaBsddqiiedt rdsbPopération ihset df beMgScdpragRt bpuasess,
the threshold voltage and upper |imt of the voltage range corresponds to

about 0. BNotolttnvERibAd@vRe@sICD ve vol tage could be limted by ESD circuits
in the real CMOS-imager design. FIG 4B illustrates how different voltages

VTX effect de | ' MRS . p*eﬁ%lfs | 110
gate. That [?@]mghgwﬁg{bv%ﬁ?‘g?gswx idslﬁge?{]) %lg@cc)l\/é’ t he Sglg%ﬁﬂﬁérfgg%eat h the

et TSRk ol 210 S SBPUUISRREIRIN S P (1

a slightly greater than OV to a voltage greater than a threshold voltage of the transfer
transistor 110. For a regular CMOS-imager process, the threshold voltage ahd
upper limit of the voltage range corresponds to about 0.8V. The maximum positive -
voltage could be limited by ESD circuits in the real CMOS-imager design. FIG. 4B
illustrates howl different voltages VIX effect the depletion region underneath the
transfer transistor 110 gate. That is, when the volt:age VTXis set to OV, the region
underneath the transfer transistor is similar to the region depicted in FIG. 1C for the
conventional pixel operation. When the voltage VTX is set to 0.3V, there is a
depletion region 330 having a first slope underneath the transfer transistor 110.
When the voltage VTX is set to 0.5V, there is a depletion region 330 having a second
slope underneath the transfer transistor 110.

[0035] FIGS. 4A-4B are histograms illustrating how the invention reduced dark

current in an experiment. FIG. 4A is a histogram showing dark current across the
test pixel array when no voltage and small negative voltages are applied to the

transfer transistor gate. Curve 410 represents the dark current when no voltage is

applied to the transfer transistor gate. Curves 420, 430, 440, and 450 represent the

10



depletion region 330 having a first slope underneath the transfer

transi stor 110. When the voltage VIX is set to 0.5V, there is a depletion
regi on 339ohassngssa second sl ope underneath the transferpctrnasacsion 110.

[ 0035] FIGS. 4A-4B are histograns illustrating how the invention reduced
dark current in an experinment. FIG 4A is a histogram show ng dark current
across the test pixel array when no voltage and snall negative voltages are

applied to.the transfer,transisto ate. Curve 410 represent dar k
corrent ik eEYSIRato 0% T o B esp et ek TR AR 00 HARE | o
420, 430, 440, and 450 represent thedark current when -0.1, -0.2, -0.3,

-0.5 vol¥ansiplor gats.i vely, are applied to the transfer transistor gate.
[0036] FIG_ 4B.is_a histogram showi ng dark current across the test pixel
array when [(36ol F@é%w&%ﬁmgra@oﬂwowmg k cugent afosa i testippsl anay
transfer transistor gate. Curve 445 represents the dark current when no
vol t age Wheamel valtagesndmall pasitive woltages arenrpriiadsto thertvansferssansigor 475,
485, and 495 represent the dark current when 0.1, 0.2, 0.3, 0.4, 0.5 volts,
r espect i gatky Cuave 44p pépresents thendatk ansérdrwhemneivoltage dgnappli¢dostie FI G 5
illustrates an exenplary imager 700 that may utilize any enbodi nent of the
i nvent i dmansfeetransigtor gatd Gasves 455x405, 475,485,705 é9hpepresery the xakls
constructed as descri bed above with respect to FIG [|A, or using other

pi xel arahiréretovherd.1, BAN03| 0.ds0.8veliselespedtively, are apphtddo blye transfer dri ver
710 in response to row address decoder 720. A columm driver 760 and col um
addr ess tﬁl@@gjgte,mga?@ are also included in the imger 700. The imager 700 is
operated by the timng and control circuit 750, which controls the address

decoder s 770037] 7OFIGilR@Haf@larciieaslhry a gR1I00eRat haynadaid ag Pol ari ty

voltage and the plurality of positive polarity
embodiment of the invention. The Imager 700 has a pixel array 705 comprising
pixels constructed as described above with respect to FIG. 1A, or using other pixel
architectures. Row lines are selectively activated by a row driver 710 in response to
row address decoder 720. A column driver 760 and column address decoder 770 are
also included in the imager 700. The imager 700 is operated by the timing and
control circuit 750, which controls the address decoders 720, 770. The control circuit
750 applies the negative polarity voltage and the plurality of positive polarity
voltage pulses to the control gate during the integration period. The control circuit
750 also controls the row and column driver circuitry 710, 760 in accordance with an
embodiment of the invention (i.e., FIG. 2).

[0038] A sample and hold circuit 761 associated with the column driver 760

reads a pixel reset signal Vrst and a pixel image signal Vsig for selected pixels. A
differential signal (Vrst-Vsig) is amplified by differential amplifier 762 for each pixel
and is digitized by analog-to-digital converter 775 (ADC). The analog-to-digital
converter 775 supplies the digitized pixel signals to an image processor 780 which

forms a digital image.

11



vol tage pulses to the control gate during the integration period. The
control circuit 750 also controls the row and columm driver circuitry 710,
760 in acwond@messsi t h an enbodi ment of the invention (ipcems266h61692) .
[0038] A sanple and hold circuit 761 associated with the columm driver 760
reads a pixel reset signal Vrst and a pixel image signal Vsig for selected
pi xels.. A differential signal (Vrst-Vsig) is anplified by differential
anplifier 762 for c i xel and is digitized by anal og-to-digit
converter 13939 ADE’f.' Veha prerol W0gR farical preeesser s 5“"5@89&#%@%
digitized pixel signals to an inage processor 780 which forns _d":i,tﬁl

i mage. [ derardmagingasieyice HP§1(ewsh anihe imaging dayice 700 dbustrateq i El.

nodi fied to include an imaging device 1008 (such as the inaging device 700
i |1 ust r anfalieiinventimn. 7The pradessarsyetem 6000 iFlexempbaysefor s;ésy@ngmvmdlg@l
exenpl ary of a systemhaving digital circuits that could include inmage
sensor dexduitsthatéauldinclodienmalge sensorglevicesh Withgst leeing dinhitingnstidda a
conput er system canera system scanner, nmachine vision, vehicle

navi gat isystenicdatd plobunde a sompeitéd syBtein, ssantamsyateng staoes, maching visioay
tracker system notion detection system inmage stabilization system and
dat a conplfideirerigatidrs Midepheid) etrvaiBimisyetph, aito foais systae/ stat G8dkdr
System 1000, for exanple a canera system generally conprises a central

pr ocessigy@tdm) toticRdetd&idh sg@t@ﬂ idSage JRBIlONIGE SPstom, aht Wats OMPREBRIES
with an input/output (1/0O device 1006 over a bus 1020. |nmagi ng device 1008
al so corggig{&ﬁ,agﬂometr@ Bﬂéﬁm@xﬁ%ﬁ@%%%&%@@ bus 1020. The processor-based
system 1000 al so i ncl uges random’access nory (RAM 1004, and can i ncl ude
removabl e g@m@y h YRAR Wi aicate with
the CPU 1002 o eréf e Eﬁs@i{) 0%X T eQIaITB.gI rr%s%levi ége%%gy%y be e%%nbi ned

Wth a RiAeet Proeessing unit (CPU) 1002, such as a microprocessor, that communicates

he

with an input/output (I/O) device 1006 over a bus 1020. Imaging device 1008 also
communicates with the CPU 1002 over the bus 1020. The processor-based system
1000 also includes random access memory (RAM)1004, and can include removable
memory 1014, such as flash memory, which also communicate with the CPU 1002
over the bus 1020. The imaging device 1008 may be combined with a processor,
such as a CPU, digital signal processor, or microprocessor, with or without memory
storage on a single integrated circuit or on a different chip than the processor.

{0041] It should be noted that the invention has been described with reference
to photo-conversion devices, but it should be appreciated that the invention may be
utilized with any type of photosensor used in an imaging pixel circuit such as, but
not limited to, photogates, photoconductors, photodiodes and pinned photodiodes
and various configurations of photodiodes and pinﬁed photodiodes.

[0042] It should also be appreciated that the small voltage does not need to be
applied during the entire integration period. That is, the small voltage may be

applied for only a portion of the charge integration period. Moreover, it should be

12



such as a CPU, digital signal processor, or mcroprocessor, with or wthout
menory storage on a single integrated circuit or on a different chip than

t he proceweuoe/1108341] It shoul d be noted that the i nventiconshasobeen
described with reference to photo-conversion devices, but it should be
appreci ated that the invention may be utilized with any type of photosensor
used in an imaging pixel circuit such as, but not limted to, photogates,
phot oconduct ar s, . phot odi odes and pi nned ., phot odi odes, and var. o .

conf i gurapregiatesk 'gﬁﬁ élﬂ%ﬁﬁﬁ'a@@’ &rﬁﬁ’qﬁgﬁ Mgeﬁﬁiﬂ et rpgkto %@P}}ecf‘i“%lﬁg ¢he al so
be appreciated that the small voltage does not need to be applied dyring
the ent iendire integratioroperied dhat isnthe plurality of yelpge wﬂ&ea@éaxfrg? applig 505 ed

for only a portion of the charge integration period. Mreover, it should
beappr eairdy epartign afitbe phargel integraiorvpetiede Itnhiovdd alse hemppresiatadthiag
applied during the entire integration period. That is, the plurality of

vol t age thelimagemaf/thesnaeptior dotldrbeodésigredoter inichudedl! ohthesdmbodinientegf at i on
period. It should also be appreciated that the i mager of the invention

coul d bahdasvegitish With aaberdeletdblobr tpplietiordipeeificsedéctabile optivartbi on with a
user selectable or application specific selectable option to determ ne

whi ch erginietwhithrehboditehtds peiorthbé dupBigatheWpedhtioBRhagd0043] The
processes and devi ces descri bed above illustrate preferred nethods and

typical degjoagp Ofh&pRycebstdtarkiddHcdieldsefBedBBové AliieRMe pldferrelMethods

description and drawings illustrate enmbodinents, which achieve the objects,
feat ur egn, i@l \GRY1RE8E n?ilnr}i hat PHEBY udedVaid gwuudéamrabdvb I's not

i ntended th t he present vention be strictly limted to the

above- deRaE:{HESN 30 diaWHAES ﬁ%\ﬁgragm%wﬁﬂéﬁts, WRLCHTRENiEvE Rl Wiectt, hoUTh

presently unt oreseea resent I nvention that cones W thin the

Spirit gog,s&0 Bﬂd@&%&'df% PlesehAtrRnfBAY HoWev&GO NS A6 fleR@dd ot the

present ‘I nvention.
the present invention be strictly limited to the above-described and illustrated

embodiments. Any modification, though presently unforeseeable, of the present
invention that comes within the spirit and scope of the following claims should be

considered part of the present invention.
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What is claimed as new and desired to be protected by Letters Patent of the
United States is: 1. A pixel cell conprising: a photosensor; a storage

regi on; awo 2806¢/me33si stor for transferring photo-chargesptraseaaiotso7

phot osensor to said storage region, and a control circuit for applying a
first polarity voltage to a control gate of said transistor during an
integration period of said photosensor and applying a plurality of pul ses
of a second polarity voltage to thecpammsol gate during the integration
period. 2. The pixel cell of claim1, wherein the first polarity voltage s
a negative voltage and the second polarity voltage is a positive voltage.

3. The pixel ®¥hat iellaihridrashewhndelegirbdieo pepebtectdd by Befters Patdhiof theger
pi xel cell. 4. The pixel cell of claim1, wherein said storage region is

sour c&Jritead Btatesgs.on of said transfer transistor. 5 . The pixel cell of
claim1l, wherein said storage region is-a floating diffusion region.6. The
pi xel cell of claim1, wherein said photosensor is a photodiode. 7. The

pi xel .cell df cléapirel celbhempirisirggai d phot osensor is a photogate. 8. The

pi xel cell of claim1l, wherein the second polarity voltage

a photosensor;
a storage region; and

a transistor for transferring photo-charges from said photosensor to

said storage region, and

a control circuit for applying a first polarity voltage to a control
gate of said transistor during an integration period of said photosensor
and applying a plurality of pulses of a second polarity voltage to the

control gate during the integration period.

2. The pixel cell of claim 1, wherein the first polarity voltage is

a negative voltage and the second polarity voltage is a positive voltage.

3. The pixel cell of claim 1, wherein the pixel cell is a 4T CMOS

imager pixel cell.

4. The pixel cell of claim 1, wherein said storage region is

source/drain region of said transfer transistor.

5. The pixel cell of claim 1, wherein said storage region is a

floating diffusion region.
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is greater than approximtely 0.0 volts, but no nore than approximately the
threshol d voltage of said transistor. 9. The pixel cell of claiml1l, wherein
t he secongtopodearnisy voltage is less than 0.8 volts. 10. pEmasspeosmhcosel | of
claim1l1, wherein the first polarity voltage is |ess than approximately 0.0
volts, but has an absolute value no greater than the threshold vol tage of
said transistor. 11. The pixel cell of claim10, wherein the first polarity

vol tage is |@ss Theeapix6l cedl dfsclaing 1 gwhatedh shidophatppsrmorigdel y -0.6 volts. 12.
A pixel cell array conprising: an array of pixel sensor cells formed in a

subst pdtotodiedlen pi xel sensor cell conprising: an accurul ation region forned
in the substrate for accunul ati ng phot o-generated charges; and a transfer
transi stor for transferring said accunul ated charges to a floating
di f fusi on refi onHegpikelnetlgofaclaina i gwherein gaidt plootogensopds ®f sai d accunul ati on
region and having a gate el ectrode, wherein a gate el ectrode of the
t r ansipbotegatasi st or i scontrolled during said integration period by a
negative voltage and then by a plurality of positive voltage pul ses. 13. An
imager circuit conprising: an array of pixel sensor cells-forned in a
substrate, ehach 1w pixelrebrofslaig Lawbaesinthasasond polarity voltage

is greater than approximately 0.0 volts, but no more than approximately

the threshold voltage of said transistor.

9.  The pixel cell of claim 1, wherein the second polarity voltage

is less than 0.8 volts.

10.  The pixel cell of claim 1, wherein the first polarity voltage is
less than approximately 0.0 volts, but has an absolute value no greater

than the threshold voltage of said transistor.

11.  The pixel cell of claim 10, wherein the first polarity voltage

is less than 0 volts and greater than approximately -0.6 volts.
12, A pixel cell array comprising:

an array of pixel sensor cells formed in a substrate, each pixel

sensor cell comprising:

an accumulation region formed in the substrate for

accumulating photo-generated charges; and

a transfer transistor for transferring said accumulated
charges to a floating diffusion region following a charge
integration period of said accumulation region and having a gate

electrode, wherein a gate electrode of the transfer transistor is

15



a storage region; and a transistor having a gate for transferring

phot o- charges from sai d phot osensor of the pixel cell to said storage

regi on; awo 2006z@p43801 circuit connected to said array, fPor/Ep@wiedg7a first
polarity voltage to said gate during a charge integration period and a
plurality of pulses of a second polarity voltage to said gate during the
integration period. 14. The imager circuit of claim 13, wherein said first

. polarity vebhaoHed durinpegadiiNReystidraperiod byahébativeandtagelaadi ty vol tage is
a positive voltage. 15." The imager circuit of claim 13, wherein the second

polarity VQhé:@bzaipluﬂal togh dsi’cﬁféﬁﬂtﬁ%@ﬁbtﬂ@éﬁ y 0.0 volts, but no nore than
approxi mately the 't hreshol éavoltage of said transistor. 16. The i nager

circuit of claim13, wherein the second polarity voltage is less than 0.8
volts.17. Ti® i mgﬁhagélmirriditafmfﬁejr@: 13, wherein the first polarity
voltage is |less than approximately 0.0 volts, but has an absol ute val ue no
greater than the threshold voltage of said transistor. 18. The i nmager
circuit of anlaiay ofpixehsarsion celletorivest inpotudrsitage, eath aglk is | ess than 0
volts and greater than approximately -0.6 volts. 19. The inmager circuit of
cl ai mcogprgagei n said storage region is a floating diffusion region. 20.
The imager circuit of claim 13, wherein said photosensor is a photodi ode.

a photosensor;
a storage region; and

a transistor having a gate for transferring photo-charges

from said photosensor of the pixel cell to said storage region; and

a control circuit connected to said array, for applying a first
polarity voltage to said gate during a charge integration period and
a plurality of pulses of a second polarity voltage to said gate

during the integration period.

14.  The imager circuit of claim 13, wherein said first polarity
voltage is a negative voltage and said second polarity voltage is a positive

voltage.

15.  The imager circuit of claim 13, wherein the second polarity
voltage is greater than approximately 0.0 volts, but no more than

approximately the threshold voltage of said transistor.

16.  The imager circuit of claim 13, wherein the second polarity

voltage is less than 0.8 volts.
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21. A processing system conprising: a processor; and an imagi ng device
coupled to the processor, the imaging device including an array conpri sing
a plural iwg 208¢/mb3sel sensor cells, each cell conprisingprcanpbaisoi®ensitive
el ement for generating and accumul ati ng phot o-generated charges in response
to applied light; a floating diffusion region; a transfer resistor having a
gate for transferring said accunul ated charges to said floating diffusion
regi on; and7a cqheriglaget tizviit of clafrac3ewhepeinahd fizstpolarifyor initially
applying a first polarity voltage to a control gate of said transistor

duri ngohage ntleswﬂﬁah@gmexhnﬁewmzowspbm hdsyarodbspliiteesled na second pol arity
voltage to the gate during the integration period.22. The processing system
of cl great&lthantthe ¢hreshbkel voltage gfcdaid ittapsistirt age i s a negative vol tage and
the second polarity voltage is a positive voltage. 23. The processing
system of claim 21, wherein the second polarity voltage is greater than
appr oxi mat didy 0Thevmlager civanit nbclaimd 7 whereippghe firstgpadbsityt he t hr eshol d
voltage of said transistor. 24. The processing systemof claim21l, wherein
t he s®elsage isdess than O/odltsand greatersthaniapproxigaatelyt 9,6 vdts. The processi ng
system of claim 21, wherein the first polarity voltage is | ess than

approximately 0.0 volts, but has an absol ute value no L
19.  The imager circuit of claim 13, wherein said storage region is

a floating diffusion region.

20. The imager circuit of claim 13, wherein said photosensor is a

photodiode.
21. A processing system comprising:
a processor; and

an imaging device coupled to the processor, the imaging device
including an array comprising a plurality of pixel sensor cells, each cell

comprising:

a photo-sensitive element for generating and accumulating

photo-generated charges in response to applied light;
a floating diffusion region;

a transfer resistor having a gate for transferring said

accumulated charges to said floating diffusion region; and

a control circuit connected to said array, for initially
applying a first polarity voltage to a control gate of said transistor
during an integration period and a plurality of pulses of a second

polarity voltage to the gate during the integration period.
17



greater than the threshold voltage of said transistor. 26. The processing
system of claim25, wherein the first polarity voltage is |less than 0 volts
and gr eatwo 2udvanompproxi mately -0.6 volts. 27. A net hodpor/3pewaidony a

pi xel cell conprising: exposing a photo sensor to light during a charge
integration period; applying a first polarity voltage to a gate el ectrode
of a transfer transistor provided between the photosensor and a charge

storage reg%fn éﬁ%?&%ﬁ;%%ﬁ%ﬁ UM 28, verBf{ &@ﬁrSnglagg?l ying a

plurality pul’se polarity voltage to sa e el ectrode

dur i ng.jh eﬁ@heg%ﬁ%%f& d &1 ée‘égné%oléER?Mt%\“g@i§h@ﬂ>sﬁW em of claim 27,

wherei n tHe seco all:tl y voltage is greater than approximtely 0.0

vol tsyoidbeno nore than approxi mately the threshold voltage of said

transi stor. 29. The processing systemof claim 27, wherein the second
polarity voltage is less than 0.8 volts. 30. The processing systemof claim

27, wher ei m3 he TfHerSrlocesdiig bfstemftcgim 25 wieseint seappdoxi mately 0.0
volts, but has an absol ute value no greater than the threshold voltage of

sai d tpohiittystaltagedd grddier ﬂfa@m;gﬂbﬁ'gn@tybt @0woltschat mo A®rewhaxei n the first
polarity voltage is | ess than volts and greater than approximately -0.6
vol t s appZoxifatelyrthe thfesbpbd adltage of giid dlansistdr. conpri si ng: applying a first
polarity voltage to a transfer transistor, which is adjacent a photosensor
in a substrate, to |lower a depletion region

24,  The processing system of claim 21, wherein the second

polarity voltage is less than 0.8 volts.

25.  The processing system of claim 21, wherein the first polarity
voltage is less than approximately 0.0 volts, but has an absolute value no

greater than the threshold voltage of said transistor.

26.  The processing system of claim 25, wherein the first polarity

voltage is less than 0 volts and greater than approximately -0.6 volts.
27. A method of operating a pixel cell comprising:

exposing a photo sensor to light during a charge integration

period;

applying a first polarity voltage to a gate electrode of a transfer
transistor provided between the photosensor and a charge storage region

during the charge integration period; and

applying a plurality of pulses of a second polarity voltage to said

gate electrode during the charge integration period.
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associ ated with the photosensor froma top surface of the substrate during
a charge integration period; and applying a plurality of pulses of a second
pol arity wolvégaeize the transfer transistor to facilitateridseosspy®rent of
electrons to a floating diffusion region during the charge integration
period. 33. The nethod of claim32, wherein the act of applying said first
polarity voltage conprises applying a negative voltage and the act of

\e/tglp![ Zlégg >3 d sﬁfeolgl(’jo (S)Sligéisgfglte\/o' &%mﬁ?*%he%?ﬁtﬁ‘@%&hag a positive

polarity voltage is greater than approximately 0.0 volts, but no more than

approximately the threshold voltage of said transistor.

29.  The processing system of claim 27, wherein the second

polarity voltage is less than 0.8 volts.

30. The processing system of claim 27, wherein the first polarity
voltage is less than approximately 0.0 volts, but has an absolute value no

greater than the threshold voltage of said transistor.

31. The processing system of claim 30, wherein the first polarity

voltage is less than 0 volts and greater than approximately -0.6 volts.
32. A method of operating a pixel cell comprising:

applying a first polarity voltage to a transfer transistor, which is
adjacent a photosensor in a substrate, to lower a depletion region
associated with the photosensor from a top surface of the substrate during

a charge integration period; and

applying a plurality of pulses of a second polarity voltage to the
transfer transistor to facilitate the movement of electrons to a floating

diffusion region during the charge integration period.

33. The method of claim 32, wherein the act of applying said
first polarity voltage comprises applying a negative voltage and the act of
applying said second polarity voltage comprises applying a positive

voltage.
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