, BCe3e/ 7j / 4<""6Tj &  ACTI VE PI XEL SENSOR W TH PHOTO DI ODE DI SCHARGE

- FIELD OF THE I NVENTI ON The present invention relates to active pjngeIMAR 2003

sensors and, nore specifically, to the renoval of inmge artifact

~associated with inconplete or inconsistent pixel reset in 10 such sensors.
2s discharges to a voltage |level, Vexp, that wll vary with the anount of

incident light. The difference betweeh the VAT and Vexp is thus

representative of the anmount of incident |ight on a particula i nng

an exposure tinme period and is used to generate a resultant |mmmmmwmmmmr

BACKGROUND OF THE | NVENTI ' ' - 1B, '

prior art pixel cell (her%ﬁ?@g%&k@?’e#@gbﬂzv«gﬁa "pi ielrﬁl)[)r(lageg;gg6§f\éﬁes

timng diagramtherefor arepnespesiopel yIstHARGE Pi xel 10 incl

diode 11, a reset transistor 13, a read transistor 15, a pho“mﬁmwmm@m,gut
a

node 17 and pi xel output node 19, anobngst other conponents. A typical
active pixel sensor (APS) is fornmed of a plurality of such pixel s

arranged in an array and having necessary control |ogic. Before exposure,
the photo diode of pixel 1(§'_Iééfgd_%lf_THEJ_I_éMI_QerIs in an array) is reset
by a reset sigidl pR3bnt ifventh8hILE15Le8 E@Sgéti{@étp?‘:gﬁil\l\//‘%%ns&f@t 5

approaches V~. During exposure, the photo diode 1 ~~~3

After explr aroxe repeqifdiqpddly i $prdmgeanayalo ahhelnaget arebfRe¢ss or 13
whi ch rec%ga%ﬁ { j om,V~ I, ~ {5 i i 1 .
The actual VA %ﬁﬁﬁpﬁﬁc’ﬂ%’qﬁta 395. clg}('fd&\éﬁisg % g}{ Pﬁ?\%g\\ll\gé dq:s%% ,onH)the

V~ s 10r orswgh cendlorspi xel is charged. For exanple, a photo diode with a |ow
VIP (i.e., one that was exposed to nore incident light) will not charge, to
the sane VAT as a photo diode with a high V~p. This results in artifacts or
ghost images in the res BACGKGROMND WOF THEQINVENEAON to The failure to obtain
a constant or I nt r val,ue ocgurs | I ayse res

transi stor 13 Rfeéﬁ%rﬁ/%g :troaﬁglgtgt'o?}‘tﬁgt’ %ntrzerds&ﬁ%glt;a&gg %r g’éﬁ(ﬁrd aretgi on as
t he phot pidieddeeldl t(ageeapaf e hesfafifed [tro tds s rggixel” )t e comtlect | on of

t he r.ansi st or wanes_.and comes | xponential, (to af.irst der).
Thi sl\l/?gsh_‘l%nign cﬁﬁgr ot &ecﬁegbg nr%%rrggé%ﬁﬂﬁ'g&{whéﬁ?' sl &\?ﬁ clgdr’wergi ng
towar ds iinclVides a fghott dilcelel Arl r esetreségntkranpiseds thar ge demdli f f erent
| evel s based on, their_respective Vrp,at the tine chargin egan. -As al |l uded
to above?:rfaﬁ]isg'sltﬁrt Liqu,{ r8sH osto c\(lgde output node lgl| gng q::ncel

output node 19, amongst other components. A typical active

pixel sensor (APS) is formed of a plurality of such pixels
20 arranged in an array and having necessary control logic.
Before exposure, the photo diode of pixel 10 (and of
all other pixels in an array) is reset by a reset signal,
RST, i.e., <charged to a reset voltage, Vgsr, that
approaches Vpp. During exposure, the photo diode 11
25 discharges to a voltage level, Vgp, that will vary with
the amount of incident light. The difference between the
Veer and Vgp 18 thus representative of the amount of
incident light on a particular pixel during an exposure
time period and is used to generate a resultant image.

30



20 in different final V~. levels at the plurality of photo di odes and the

. appear ance of "ghosting" or "capacitive inmage |light" and the reswz é U%

i mge. A need thus exists for an APS that mnim zes or reduces t gﬁl %e%g

of artifacts in the resultant image. 25 A need al so exists for an APS that

" reduces these artifacts by providing a consistent reset voltage. SUWARY OF

THE | NVENTI ON Accordingly, it is an ol¥ ect of the present invention 30 to

provi de an APS that reduces or elimnates artifacts in resultant inages.

1 4 MAR 2003 - A¥telrt expomnntehera obgsett signdle pseprnpagatedt iton tthe provi de

an APS that achieves .a con5| stent reset. level for substa | I'y..all pixels.
It is aFE5Shn THELSEEE i ‘gﬁue%}énf FRRASRT oni's OPHOEO r}r’li'g‘\(/"% 2% an APS

that provivdgs tbb)@&ﬂsbvﬁlﬁ-f i(BowA an Biflcient wine @@mlnv,,@l, omrih These
and rel ated objects of the present_ invention are achl ved by use_ of an

active pi Pépredehil m}:}’ﬁlﬁﬁgiﬁ Hidderai Y rasPage rl%dghﬁr w10 In

one enbodieFeml , whith pEﬁée(r}SutéWe&b' Qhdrfddidepor Rixaiplee! |a Rmdtdg a photo
di ode having an output node, a reset .~ transistor coupled to'the photo

di ode, an8igdgeMdEhals Q¥ Bkeabl €8 di sRMar bRy ¥RF cBIPOEBHpIed MAF e he phot o
di ode t ha&néﬁhsﬁea@!%héy s‘gbﬂgﬁéttaeaf&@t& Cbrfad%aﬁre a7l OWd QVehhdtd

ref erence voltage di scharge circuit” may i nclude a gatabl e connection
bet ween tﬁeoéhov@tbl eddighd Vieee TS| aesMlEef dpepesifactager ahostnatively,

t he di sch u ﬁ#ép (o] jto the photo diode that
IS sw tchgg‘?é %e?ﬁe{é}?\ea E&Iﬁg?@c eragﬁgé EELgﬂgge 20 and the, | ow.| evel
ref eremce vol t @ge. famlanet her obrtBo Ui newpnsmatppesgmsnwgmu aeseticl udes an
active pi e u p I s_e havi ng a
phot o di oégiuéo?)l? For 8 ?E‘FE I%grg‘é%%g% %g{a%(%lgée &s{%na %L‘L; ?hg%%hoto 25
di ode of tmshspsiket dﬂidt, andeasd|slm¢1arsg©thireshbidcom:gmht@seadsheof t he
photo dio o] | e t phot o ! d| arge
circuit pgﬁétéjr)atgill%% qi g\gﬁﬂ%’% ?ﬁg%gé?o dpedes?}brltglr to |%sua’nc§8gf a reset
si gnal bycthducoivm ol of ogthe TM@Spr tzrensisheent vaneal sendo becbmdes an

t I teeh I I h hot
i odevd <ERBPERETAL uf 6 EiZBY PRABK oTAfh e bY Ee R SR FRelecs”
advant agediodel ﬁ@@émr:ﬁ&ﬂflﬂdlalnbnvlmm |sirov§1wtdomhvbegdngetowardsm8 2003 ¢

readily arent_.to thqse_ ski IIed t he ar% after. revi.ew of

en

Fol | ot no iR e o Eiredy dotatin; apast | AEoRRb en el Srdels: k8r wiin

t he dr awidpfferent levels based on their respective Vgp at the time

charging beéan. As alluded to above, this in turn results

20 in different final Vgsr levels at the plurality of photo

diodes and the appearance of *“ghosting” or “capacitive
image light” and the resultant image.

A need thus exigsts for an APS that minimizes or

reduces the presence of artifacts in the resultant image.

25 A need also exists for an APS that reduces these artifacts

by providing a consistent reset voltage.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
30 to provide an APS that reduces or eliminates artifacts in

resultant images.



5 BRI EF DESCRI PTI ON OF THE DRAWNGS Figs. |A-1B is a schematic diagramof a
representative prior art pixel cell and a timng diagramtheref 0{3. RA% ﬁ[@
is a schematic diagram of an active pixel 10 sensor in accordanc b 12
present invention. Figs. 3A-3H is a séhematic diagramof a pixel with photo
" di ode discharge and a timng diagramtherefor in accordance with the
present inventitonisFi ggothar ophiect sefientdts cPapagPEmFTVaIH n etrative i 5
enbodi ne : ' i h . di;ode . dj n i dicagr am

Ther ef or e s e R g e e Pon e Fefa L IRV BLSER P o 20
Ref erri ngubstrinti®l 1y askhgnetels di agram of an APS in accordance with the
present inventjon.i s shown.__APS 20 Jj ncl a pye .pixel, array 22, (wth
a plurality ofitpi X8l sag%f 46" o‘ﬁ’ejz%ﬁé e%gﬁdtre!(%)ew Eﬁgg%}& ur%%‘%%ﬁ}telros%c%é?on) ,
contrel Ipx@widdd, snol Gecailes | epat Ferandel tiws@ubpnef2Espriaceani ng | ogi ¢

28. Contr Jogi g 24 produces. row sel ect and reset signals Land "di scharge
si gnal s" %ﬁ%ﬂﬁsﬁﬁb‘%‘fwl@ JHPYth put processing 1 ogi ¢ 28 incl udes
colum anpl i f iiese aan@wreldhtetd auljedtheroknehe @Premdrnt yihoenpiesessi ng
array output signals, Suitable_decode ,and 3aq C(1I um out put }gr ocessing |l ogic
i s known & t Yed Y 1 UsP O£ oAl GCHTG PI%e1aRER S oWty BRPEC wi t hout

the provigiode ofisdhidildeicdicidbydaaruin.el ated aspects that are taught
her ei n. 1 4 MAR 2003 - 5- Referring to, Figs., 3A-3B,. a,schemati c_di agram

of alfirdP OMSoSMRAdinaNY fing PERSERt HiBHR AN dREHRF A gPi¥eland a
timng dicedNdmMiaRamef & pHdtAETINRr g lard Mutphas eidde NVentéest are
respectively shown. Pixel ' 5 cell 30 includes a photo diode 31, reset
transi st §Fradsisiore £PuRlkedi 0 othgs Phothotbode ndandudpuie lReaealBby and a

pi xel oubRHb18AA e3%i FANERiPY ViTTdite!avifR el Hos U BhdtSngisdor 36 that
di scharges the photo diode "after VExe is read. ' io Control |ogic 24 (of

e
Fig. 2) §katrsedeckadilycdsghagiggsalthepghotosisingle foriay. lap)levat causes

the yolt aggerefRePRUILdPde Bhe! Al HNY DLW OURSY ( Ghhdanad her
suitable I ow | evel reference voltage) before the reset” signal, RST (also

shown i ndgkgblgp)connegiigrdbetyeed Jdiey Phohg dREIghARA ditbgeslaw be

di schar gedyeal t 8eF¥EXRCES V68HAigedllnPtelRet PROL P, dides His@hgd ay are at
the sane voltage level, e.g., ground or a chosen reference, before the

reset si GhEFURS mayickncludeiadcsUBPlhe’dldage siqnkhenshotaustiodaich of the
photo di pge \E/QRSQ@%F%ﬁEiBQeZBe%WEre%X'MiGdW TR 15 ¥ MATARI S d BVR]e (

i ndi cated as . s. 3B and 9B) because, in large part, the photo
di ode%s afRd §bat Lewl lgnglarefernapged vailtRgehe same vol tage for the sane

period of tingn Thigo@kdd eVesuRHMH ST eNtn¥RSTp A8Bdge Pi N&lvedtidde 25
array and hence the renoval of VEXP_dependent artifacts fromthe resultant

i mge. REREIBARAF t @R ACtIYE 4HPiZedcheiRRSAT diGhre bf BAVARGer mati ve

enbodi nepiuph1 2t X6 PiMdl h fhatd diaege Hhoshar % NHnévy aiiddd,ng diagram
therefor, in accordance 30 with the present invention are respectively
shown. SFreRtEPlt dogigetbatorrnnagetesi gelres@ti sdonads te pha Phatsde 41, a

Lieig’fs t L?gﬁd;[iéh ggeaggpap&ﬁai £ aher 29%isknakel clireda toWdug1pde 97 and

to each of the photo diodes for selectably discharging

the photo diode. The discharge circuit preferably

discharges the photo diodes prior to issuance of a reset

signal by the control logic. The present invention also

30 includes an active pixel sensor circuit having pixel
cells that each contain a photo diode discharge circuit.

The attainment of the foregoing and related

advantages and features of the invention should be more



-6 1~ 1~~~ 2003 Pixel 40 also includes a MOS transistor switch 94
(represented in functional formin Fig. 4A) that couples a sup@eé ﬂ&de 2683
between a high and a Iow reference . voltage, for exanple, bet n 'Vpp and
ground. Switch 94 ' 5 may be inplenerfted, for exanple, as a CMOS i nverter

“with the discharge signal (DSC of Fig. 3B) as the input signal. Wen

SW tchedreaﬁglxourapmreme ltow |thosle 1 sfkdrldrece ol t tlye sam'rt,ch atedi schar ges
photo di o 4 r ol 4 ner that 1o
control s é5"\?\% "} gzq%nd Oﬂ%‘"& trggegl gég?‘ @ES Qlk_geg gﬁr}‘;rt

conpl errentvexitidme 'sapphytagdtehanl wagh Yhé dewkéngswi tch 44 is i rrpl enent ed
as a CMOS inverter) . Wien node 51 is driven | ow, photo diode 41 di scharges
through this path causing VEXP to ground. Node 51 is then returned 15 to a
hi gh sl evel vol tage (ygu)z:pandsgnuea'qbnsiogna'l}m BEAWINssgenerated which pulls

t he photo di odes (of allﬁlxels In the array), to VRSZ' . Simlar to the
arrangenent Fi¥5g. 3B-1He 2% annentCREMFHF 443993 chiokyes 2

consi st elp TN O PR NPrife Rirkelpixefl tdel Bramy andlheﬂgedhe@reﬁnvval of
VEXp dependent artifacts fromthe resultant inmge. Figs. 3A and
i |1 ustrdherefPenbodi nents for achievi ng photo di ode di scharge and reset,

but the presasiglngenidon isci@hatic! MilRFah0 $HE8Q (40 Ape ePRQdRMENE S, Any
desi gn t hat prOV| des photo di ode discharge and a uniformreset voltage is

Wit BOn (960 SR sehtaGEREGANGE . Wﬁ@sth%ﬁpﬁﬁﬁe@% ISR - pi xel desi gns t hat
are readily g profussblie 'a“ Fchémhtic aiABtaANS £ spi e tieRsel ves to
use in APS 30 fabrication. Wiile the invention has been described in
connect Phete tdiedecidischangsi apdt & t htrtdg, dirgkpm Yreumkry sébod that it
i s capabl e ¥afidd REFermdid i 4oy Aivedficn. 1 4 MAR 2003 _?_ application
is inten d) to cover any variations, uses, or adaptations of the invention
fol | owi ng, i Figsnerdd-48 hies pillm]il?ﬂ@tl@f dipgranveht abnadhernative ng such
depacrt ures off; e, pr it S ur, C Sacustomary
pr ag'%l ceﬁ‘lﬁr?dt %‘Qn;é:t tPo%v\Aiﬁc edji hgkgﬁvéﬁ’fﬁbn 8%??%1\1 ??E an%gggn Zha be applied
to the &imdmg aflisgnaunr etdumfambenoraecwdarmq hwithd the fnlrleswnthu n the

scope of; Qtidyention and the limts of the appended cl ains. ,. ~ 4 MAR
2003 CLAPNE™
DETAILED DESCRIPTION
20 Referring to Fig. 2, a schematic diagram of an APS

in accordance with the present invention is shown. APS 20
includes an active pixel array 22 (with a plurality of
pixels 30,40, one at each row and column intersection),:
control logic 24, row decode logic 26 and column output
25 processing logic 28. Control logic 24 produces row select
and reset signals (and “discharge signals” as discussed
below). Column output processing logic 28 includes column
amplifiers, a row buffer and other known circuitry for
processing array output signals. Suitable decode and
30 column output processing logic is known in the art.
Suitable control logic is also known, albeit without the
provision of photo diode discharge and related aspects

that are taught herein.



1. A pixel cell, conprising: photo di ode having an output node; 5 a reset
- circui.t coupled to said photo diode: and a sel ectably enabl eabl 9 L MAR 2003
di scharging circuit coupled to said photo diode that sel ectably discharges
said photo diode to a given referenees vol tage, wherein activation of said
"reset circuit when said discharging circuit is not enabled 10 achi eves a

charging of spéflePPPhg FcOdRige. BRe3p, Xel Sehémofie! dilgkamMisy ejn said
di scharging circuit includes a gatable connection between said photo diode

out put nbiEShndeBkPdigePén ref er @nc@irfil agd? 15180 TIRhYJioel dbede of claim
1, whereh{lsSithFg{S§Et aflll QUL iR UHGS B QFRIrd FRNSI S8 04 cAHFasaEd phot o

di ode output node Ts coupled to said reset transistor, and further wherein
a suppl Withshheg presentr dmxvenbion sasqi renReIcs iyetweshayrhi ghizel | evel

ref ersencg?w'%@gﬁ]émdéeig gh¥es baeenge YYdagde réhsifiorixgl gell of

claim3, further conprising a switch provided in the supply to 'sai d reset
transi stxgad stirdnsiston BHi,ngaswhaditabdkodet puspus hiage | 3Velananda sai d

given 25 r r o] Enosaisl givernr e age selwl o]
i scnar Sl (FBRSyE hbBHC asE™ EpR L PR M EpPIGERETRL BfchdiRd O
gi ven r dfmresicetom| Bdgehiad adisehbeges rthkerpneto vdiodge adiesd Vexe

appr oxi nj:_%te];é/a 0 to ground. 6. The pixel cell of claim2, wherein said -
gat abl e "connection is a MOS transi stor. nu 9 7. The pixel cell of

cl aizm 4, wherGaontisdi disgdeclz4d s(af MBBgi. n\2er tgenenated. a8.diluhargeel cel | of
censor SABL, Rpr (SPRYR ArD AT ) of IR ker “BBFT 5 tBRC FHAATY o phot o
di ode caeii rghot®gdiotibaBipriapaghseraageeset grguad {ort te Hhqumiw di ode of
i odes. For-tRhal g TR prots=arse. vabEabRt ettt BRCcifIR®, wherei n
sai d di sdkprade CRSTUI {alsodi shbangednsaFiigpho3B) i ofkes j¥duw¥d s 0 Byssuance of
2 595" pRIT B, 1 CRbES ARG, B A LA BB oS
transi stier read), all of the photo diodes of an array are at the
same voltage level, e.g., ground or a chosen reference,
before the reset signal is issued. Issuance of the reset
signal now causes each of the photo diodes to charge to
20 approximately the same voltage level (indicated as Vgsy’
in Figs. 3B and 4B) because, 1in large part, the photo
diodes are identical and are charged with the same
voltage for the same period of time. .
This achieves a consistent Vgsr among pixels in the
25 array and hence the removal of Vg dependent artifacts
from the resultant image.

Referring to Figs. 4A-4B, a schematic diagram of an
alternative embodiment of a pixel 40 with photo diode
discharging, and a timing diagram therefor, in accordance

30 with the present invention are respectively shown.
Similar to pixels 10 and 30, pixel 40 includes a photo
diode 41, a reset transistor 43, a read transistor 45, a

photo diode output node 47 and pixel output node 49.



20 coupl ed between the photo di ode of each pixel cell and a | ow | evel
-reference voltage. 12. The circuit of claim9, wherein each pixel cell
includes a reset transistor coupled to the photo diode of thatq pi Mgk 2003
cell, and the supply of each reset tPansistor is swtchable between a high

"level and a low | evel reference voltage. 13. The circuit of claim 12,
wher ei n Fdaged sviG creliae supplydes aghi MO8d GreRsasyos swiwidieh 3d414. The

circuit ' ergi [ call 4.nclu Les i stor
coupl ed (%p?ﬁge%%do% 0 eﬁ%fﬁgﬂ%t[) g%lenl ggelﬁlfbc'andﬁgc?h?gt iect(?n ol%%tshe reset
transi staor supphysaiade 5Q dbetwaege @i hdight asdnoé elabl ek fzoteneees a

chargin f _said photo diode. 15.. A nethod of ,operating an.activ pixel-
sensor %’Rg@)a,ges cotpr F§Iaﬁ'8qfahe]1§‘?tevf)%e%f p%r%@?d%%& ué"r?{] 'AP%wf\gﬁ%'né’%a

pl gr 8! ij_tnyayﬁfbdoimi_lemeéﬂtsedhafofaehamﬁabudasa ag_mmos d?nderﬁarr eﬁ[eh c: lrcuict
and a discharge circuit; resetting the_photo digde of e pi.xel ce after
10 expo§EF’e; dgﬁﬁhEFQEhﬁbgﬂai héDgﬂot%fdi - oFPR)aciSi 3:31‘3 céPPUbefore said

resetti BagnhaR. HWhenlheswiidigh of t6! agohhd Wear eithésai dodi salkaedi ng step
I S includes the stegi of discharging each photo diode ta a | ow | evel
r ef er enEBL@EPREGeVOLltage Apddch 44s @i sghargesy Phqtio Aheden4l A23451. 0s@K

Control logic 24 generates the discharge signal that
10 controls switch 44 and has a voltage 1level that is
effectively the complement of the supply node voltage Vs
(when switch 44 is implemented as a CMOS inverter). When
node 51 is driven low, photo diode 41 discharges through
this path causing Vg to ground. Node 51 is then returned
15 to a high level voltage (Vpp) and a reset signal, RST, is
generated which pulls the photo diodes (of all pixels in

the array) to Vgsy'.

Similar to the arrangement of Fig. 3A, the
arrangement of Fig. 4A also achieves a consistent Vgsr

20 among the pixels of the array and hence the removal. of
Vexe dependent artifacts from the resultant image.

Figs. 3A and 4A illustrate two embodiments for
achieving photo diode discharge and reset, but the
present invention is not  limited to these two

25 embodiments. Any design that provides photo diode
discharge and a uniform reset voltage is within the
present invention. Figs. 3A and 4A represent pixel
designs that are readily mass producible in a “cell”
format and thus 1lend themselves to use in APS

30 fabrication.

While the invention has been described in connection
with specific embodiments thereof, it will be understood

that it is capable of further modification, and this
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CLAIMS

1. A pixel cell, comprising:
photo diode having an output node;
5 a reset circuit coupled to said photo diode; and 'ﬁi .a?
a selectably enableable discharging circuit coupled.to
said photo diode that selectably discharges said photo diode
to a given reference voltage, wherein activation of said
reset circuit when said discharging circuit is not enabled

10 achieves a charging of said photo diode.

2. The pixel cell of claim 1, wherein said discharging
circuit includes a gatable connection between said photo
diode output node and said given reference voltage.
15

3. The pixel cell of claim 1, wherein said reset circuit
includes a reset transistor and said photo diode output node
is coupled to said reset transistor, and further wherein a
supply to said reset transistor is switchable between a high

20 level reference voltage and said given reference voltage.

4. The pixel cell of claim 3, further comprising a switch
provided in the supply to said reset transistor, said switch
being switchable between a high level and said given
25 reference voltage, said given reference voltage serving to

discharge said photo diode.

5. The pixel cell of claim 1, wherein said given reference
voltage is a low level reference voltage equal approximately

30 to ground.

6. The pixel <cell of claim 2, wherein said gatable

connection is a MOS transistor.
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he pixel cell of claim’1l, wherein said photo diode is

5 reverse biased.

9. An active pixel sensor circuit, comprising:
a plurality of pixel cells each having a photo diode;
control 1logic that propagates a reset signal to the
10 photo diode of each pixel cell; and

a discharge circuit coupled to each of said photo diodes

N
for discharging the photo diode.
10. The circuit of claim 9, wherein said discharge circuit
15 discharges said photo diocdes prior to issuance of a reset
signal by the control logic.
11. The .circuit of claim 9, wherein said discharge circuit
includes a selectively enableable discharge transistor
20 coupled between the photo diode of each pixel cell and a low
level reference voltage.
12. The circuit of claim 9, wherein each pixel cell includes

a reset transistor coupled to the photo diode of that pixel
25 cell, and the supply of each reset transistor is switchable

between a high level and a low level reference voltage.

13. The circuit of claim 12, wherein said switchable supply
is achieved with a MOS switch.

30
14. The circuit of claim 9, wherein each pixel cell includes
a reset transistor coupled to the photo diode of that pixel

cell, and activation of the reset transistor when said
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each include a photo diode, a reset circuit and a discharge
circuit;
resetting the photo diode of each pixel cell after
10 exposure; and
discharging the photo diode of each pixel cell before

said resetting step.

16. The method of claim 15, wherein said discharging step
15 includes the step of discharging each photo diode to a low

level reference voltage.



