| ANTI - ECLI PSE Cl RCTJTFRY W TH TRACKI NG OF FLOATI NG DI FFUSI ON RESET
LEVEL FI ELD OF | NVENTI ON [ 0001] The present invention relates
generally to pixel architectures for sem conductor inagers. Mre
specifically, the present invention relates to an anti-eclipse system
for imge sensors. BACKGROUND OF -THE | NVENTI ON [0002]Fig. 1 is an

Il lustration of a conventional four transistor (4T) pixel 100. The

pi xel 100 includes a light sensitive elenent 101, shown as a
phot odi ode, a floating diffusion node C, and four transistors: a
transfer transistor 111, a reset transistor 112, a source follower

transistor 1 amglﬁ NIIF@*I??IQ [ ) '
accepts a T é&(')rr%t ro ﬂ’g gna or gonj:gghi ST ﬂ]? ggﬁﬂ‘w}]ﬁg@?‘{sﬁ&q
transfer transistor 111, a RST cont ignhat™ for controlling the
conductivity of the reset transistor 112, and a ROWcontrol signal
for controlling the conducti vit FIBEDQE ENFENBIQNt transistor 114.
The voltage at the floating diffusion node C controls the
conductivity of the source follower transistor 113. The out put of the
source folbowa] t r arted Sregint MeritoneRe@Hehbrally 6Pl BroNteftutéiefof OW

sel ect trgngg{mstor 114 i s conducti ng. [%803] he???at es of the transfer
and reset stmiosdattor imdgers. IMoZe dpddificailpetheipetdent irivieation relates to an anti-

eclipse system for image sensors.

BACKGROUND OF THE INVENTION

[0002]  PFig.1is an illustration of a conventional four transistor (4T) pixel 100. The
pixel 100 includes a light sensitive element 101, shown as a photodiode, a floating
diffusion node C, and four transistors: a transfer transistor 111, a reset transistor 112, a
sow;g:é follower transistor 113, and a row select transistor 114. The pixel 100 accepts a
TX control signal for controlling the conductivity of the transfer transistor 111, a RST
conﬁ:ol signal for controlling the conductivity of the reset transistor 112, and a ROW
confg:ol signal fbr controlling the conductivity of the row select transistor 114. The
voltage at the floating diffusion node C controls the conductivity of the source follower
transistor 113. The output of the source follow transistor 113 is presented at node B

when the row select transistor 114 is conducting.

{0003] . The states of the fransfer and reset transistors 111, 112 determine whether the
floating diffusion node C is coupled to the light sensitive element 101 for receiving a |
photo generated charge generated by the light sensitive element 101 following a charge
integration period, or a source of pixel power VAAPIX from node A during a reset

Eeridd.



““floating diffusion node.Cis coupled fo the |light sensitive el enment
101 for. receiving a photo generated charge generated by the |ight
sensitive elenent 101 followi ng a charge integration period, or a
source of pixel..power VAAPI X from node2 A during a reset ‘period, 2

[ 0004] The pixel 100 is operated as follows. The RONcontrol signal is
asserted to cause the row select transistor 114 to conduct. At the
sane tinme, the RST control signal is asserted while the TX control

the i xer D007\ Rppiel 100 5 (R S0l 8L HISH et bRl Bcftefifo
the pixel QAUEMEMARIclect HaRsRorQla KRR O oh 8 tma O RET Vo iiroRiigral

node B. be explained I1n greater detail below in connection

With Fig. igdasdaeidd vhileStheYIN &lttal sfgﬁnﬂﬁls et hReRed OTHEROLPRA tRd AoAthig -
2) of an imager 200. [0005] After the reset signal Vrst has been

out put, t hiiffREdnerde®to thie@iad] posred VA ARIXetnede AT e dIreght fieensitage Yenode
el ement 101 is exposed to incident |ight and accunul ates charges

based on t@éo tlevEkelglowedrd/ A APTXI€The pixglit00dutpuly aaesdhaigyal Viedtegnade BnAs
period. After the charge integration period, the TX control signal is
assert ed. Whilke eqlaihed in greatdralztdilhploivfih oonmeetion sthRigo2 tiwelel B lhypically
sensitive el enent 101. Charge flows through the transfer transistor
111 and diq@iumezdf@saqqh@mdmeg’éé(Eﬂg-?)wéanumgelr@odi ffusi on node C. The
pi xel 100 outputs a photo signal Vsig at node B. The reset and photo
signals Vrst, Vsig are different conponents of the overall pixel

out put (i .[6005]Vouiet tie Meeitsigndd Vast hasheaboiuiput, ythe RS conprodsigasldsinby
an i mager 200 (Fig. 2) as explained in greater detail bel ow

[ 0006] Fi g.asgertexl. dkhe light semsitiveelewienttlli inaxposed 00 indidentilightt add scammulates
plurality of pixels 100, 100" formng a pixel array 201. The pi xel
array 201 dhaegesdasechon thelevelaf ghoinciznblight dising ¢ rFharge infegrationgeyiod.
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ordinaril yﬂ&&f&r@ﬁsﬁ%ﬁﬂ%ﬁ BhiSRes B krolt&é)eoat the floating diffusion node C. The
pixel 100 outputs a photo signal Vsig at node B. The reset and photo signals Vrst, Vsig
are different componei_lts of the overall pixel output (i.e., Voutput = Vrst— Vsig), which
is typically processed by an imager 200 (Fig. 2} as explained in greater detail below.

[0006]  Fig.2is an illustration of an imager 200 that includes a plurality of pixels 100,
100" forming a pixel array 201. The pixel array 201 includes an odter region 201a of
dark (i.e, non-image) pﬁcels 100" and an inner region 201b of image pixels 100. Due to
spaﬁe limitations the pixel array 201 is drawn as a 4 x 4 array. One skilled in the art
would recognize that in most imagers 200, both the outer 201a and inner 201b regions of

the pixel array 201 would ordinarily include many more pixels 100’, 100.

[0007]  The dark pixels 100" are essentially identical to the image pixels 100 (Fig. 1)
except they are not used to capture an image. Typically, the light sensitive element 101



=23 of a dark pixel 100" i's shielded fromincident |ight As shown in
Fig. 2, dark pixels 100" are also coupled to the colum lines 215. In
sone i magers the outputs produced by the dark pixels 100" are not
further processed, while in other imagkrs the outputs are processed
as non-imge signals to provide a dark signal |evel. [0008] The i mager
200 al so includes row circuitry 210, colum circuitry 220, a digital
conversion circuit 230, a digital processing circuit 240, and a

storage deyiLe el g i'F @fﬁﬁf&m@&%@&#ﬁ)}g@d% Sﬁo‘%}gﬁ 'F?%.lzeﬁ?%g&xels 100/

The row circuitry 210 selects a row o om

pi xel arr aaredlsh colipfeddiothb solktth iALY15] I diRe BRALSS G 6L?cp‘uc b it by the

their reset and piXel signals Vrst,,Vsig to the Colum cir try 2d2 )
via col unnddrkisigel2 180" afdRotfatrihenpicesell ) wRROirsetiie Biagurs b tpuishee
reset and pixel signals Vrst, Vsig. For signals that were produced by
an i mage pproeésséd@s nohdémage signalsdo peowite y dadOsighsldedadr s t he pi xel
output (Vrst - Vsig), which is presented to the digital conversion
circuit 230 via lines 216. The digital conversion circuit 230
converts t i xe : i : i ot alk. Vi ‘e
and may infglggﬁe fg'rh ggﬁﬁ%ﬁ @g’;@u’?‘gﬁg‘aﬁﬁg‘%g@g- izg?’tgiﬁ%ﬁé\]/rg}riﬁ@ ?I‘ﬁi‘pﬁﬂal
di gital vatoneersibiecitG@eImID, QEBSER Prévésdiie ciddt 3 aRd QGRS Hediks 880, fThe
240, which stores the processed values Tn the sforage deVice 250 (for
out put). TinexgepR00 abbd iclRdbdd d @neilpt 26D, IThetrb® dicuétty 10 ealectdd rovw @hpixels
circuitry 210, colum circuitry 220, digital processing circuit 240,

and st or ag0ddM’ Eron? 86 pizeldirraydald dhe pivels HI0, $00)ivathe setecpeel foor ountpine their
above descri bed processing. Signals which are produced froma

non- i mage Issstaindigirel sigrale xsb,e\?si@m theanohinenl ciaerdtiys228, Wiadohman Hoes 215. The
subsequent |y processed by the digital conversion circuit 230, digital
processi ngrobina Fiteus 280 sipples pad dwldsihe reset angd piyel signals ¥rotb §sigo Fog signals
sanpl ed an el d and processed to provide a dark signal_.]level - .

[ 0000] A pi e eRPTROuEHE BE aR ispe peDY s oA B R BRdprms the pixel

ecl i psing. | Rel.Ng , i tion.arlsing. .
out put s & PEEet PGB Rch B bSagd b e AP s AR Bl s
bright Ii %l G M pT=PAcY LB r when
R e G Y e G R
101 can prQat&EpoRding dEgisYanids! ddPinah IRSERS eRhR lé}?ﬂhﬂfan b k@ di

pi xel 100 is og?put gi n% t he rgset siagnal Vrst, a gor i on ofﬂ%e éﬁ'@l
phot ogener @nedrieisa e digicdvattkshye fHea proghtedinttictdigiralaprenesingldituit 240,
during an ongoing integration period may spill over the transfer

t r ansi st orwhich storestheprotéssed walpesirf thestaagadeidce250Torsowtpot)niThheentroller
the reset voltage at the floating diffusion node and can causes the

pi xel 100 269 isceynled snthepivelrastay 301, ww ciguinyi2dheglwon chgaiiry 2edigital
signal Vrst. This, ,in_ turn, éan cause,the reset and photo, signals

Vrst, VsigPiosesingaruit240pandsintasesiavicg£50,mud Rrexides sontrplsignals i peréprm
oo put (S BESeRbsetBed oER SRET SRR s SR O Rl Bl
e of el TREGSEE Bl AR Sl s AR RRRA PRl e i
pi xel s 100éor%ﬁa%&ﬁta;él{i@ierobi%ﬁéagﬁgﬁﬁg§gﬁ Ml RIOBAGSstdLH igrtﬁe aag@%eg@&ice

fromi nci dent 0010] An pse circult can be use
monimze t189, 6f ARGhoPledshd REldHhd f@tessed to provide a dark signal level.

[0009] A pixel 100 is susceptible to a type of distortion known as eclipsing.
Edlipsing refers to the distortion arising when a pixel outputs a pixel signal

corresponding to a dark pixel even though bright light is incident upon the pixel.



““exanpl e, since during arj eclipse a pixel's reset voltage will tend to
drop towards zero volts, an anti-eclipse circuit can nonitor the

vol tage | evel of the reset signal. If the voltage |evel drop below a
threshol d voltage, the anti-eclipse ci4cuit can assune the eclipsing
may occur (or is occurring) and then correct the voltage | evel of the
reset signal by pulling the reset level up to a correction voltage,
thereby mnimzing the eclipse effect. [0011]Fig. 3 is a nore
det ai | ed igd; j f ' i : NATIT

220 of Fi o Pnf S Bl RiiEa bRl BERBHA BbuiRbt 1B s M MEIE sl Hement
circuitry 132 I i i cm'rE_Whﬂ' 4 :

100 is cougl g?ﬁﬁf%é%%agaﬁﬁlﬁ%%ﬁg (Al )@ ci rc%@tg%?ﬁ&(%?mgm
load circ ldlﬂ:pt&ﬁﬁﬁ the desat signallarspadaiebdof iBk)photdgenbiat@BeharBablodiRed by
circuit 380 is al'so coupled, via I'ine 216, to the digital conversion
circuit 23belight sgnsifive elneeritd@bdaringantongdihgintegestidropaimbirlayzpill tweer the
voltage at node D as the reset VWrst and photo Vsig signals travel

bet ween a tpanefer traosistord 14 intodhe Hpating difftsidnuicglette Thas dimidishes thd fset
The SH circuit 380 alternatively sanples and hol ds the voltage at

T o e e oot Lo cored
Gl s At o T A g
i1 TR el Shelhidfbeloni il B s
1 ot PR B ) S AR g
cLarP! 10 igcxabaten ko i 88610 SOOI Sk BoRaPESHPL L Ul

ensuring tr@mallPasdcRBedd wathlpdakdned. Belpdidd Is ek Quhédia vAle dabeuTh ed
threshold. In the colum circuitry 220, "'each colum |ine 215

associ at echontintaga pixednilorbgeaupe Kalir HLHY sensitiyelslempatyi0d diré ehialded from
corresponding load circuit 390. This inplenmentation corresponds to an
i mager whiintidergdightiot farther process non-image pixels 100', although
as previously noted, sone inmgers nay process signals from non-image
pi xel s 100'. As shown in Fig. 3, each AE circuit 310 accepts control
signal s AHOSIOR ananAktMdEbse dRuf &G 128d 86 ndifinize P Eectbt bclfRing, For
expl ai ned below in connection with Fig. 4. [0012]Fig. 4 is an

i | I ustr at iexample, since denpganieclipgd epbal’ edesetvalfagt il Andto diopt todhbds zero
The AR circuit 310 is used to selectively clanp node D to node E,

t her eby setoltsrag aritiedipise aiyeuib camudeitor the veltage éfvehofithe reded signak Jhtled
vol tage of transistor 320 (transistor 330 is operating as a switch
and shoul okage leypl dwpdsigw artheasholdmeolipgpthg entiwglipsepirayiinanpssume the
specifically, ,if the pixel is outpytting a reset signal and the reset
si gnal | e\RETPYIRE B RRCH (S SRACHFTA e PR e ectithe voltngs lexeliof tharpset

o B AR el B

distorti O%clipse effect.

[0011] -Fig. 3 is a more detailed illustration of one implementation of the column
circuitry 220 of Fig. 2 employing an anti eclipsing circuit. In the column circuitry 220,
each column line 215 associated with an image pixel 100 is coupled, vianode D, to an
anti-eclipse (AE) circuit 310, a load circuit 390, and a sample and hold (SH) circuit 380.
Each SH circuit 380 is also coupled, via line 216, to the digital c;onversion circuit 230



"6 [0013] More specifically, the AE circuit 310 accepts pixel power
VAAPI X at node E, which is coupled to one source/drain of an AR
transi stor 320. The AE transistor 320 is coupled in series a switch
transistor 330, which in turn is coupl®d in series to node D. An AE
threshol d volrage AE Vref is supplied to the gate of the AR

transi stor 320, while a control signal AE_ SHR is supplied to the gate
of the switch transistor 320. [0014] The AE_SHR control signal is used

to activat e (Ri€2) AEhe I6alikitcudiIBohyrwes 46 btabilizh eheNoltagans neHeD a30etreset Vst
conduct only when the reset signal Vrst is being output by a pixel

100 and sanphé phbio Begpignateidated betvwaienapikel 380 and lado#Ecittiit 82wiadhe column
signal may be, for exanple, identical to the SER control signal

gener at ed b¥ine A5, cCBhe $Hlcirciit 860 alt@eotively gamples tod dolds ihke velitage atwode D as
sanpl e and hold circuit 380 (Fig. 3) sanples and holds the reset

si gnal Vr st themesetAlzsisurl pheior\Gig siggalaratignasaitigd mereplisanbinet218 between the

control circui i‘ 260 (Fi gl 2). [,0015](;rﬂN.g also referring to Fig. 5, it

can be seenPPhi0Gand the load szast 2P0y ;Xg%cm@itﬁl@rﬁmgﬂwf@rm%nwhaeﬂect of
[ it 500.f i X VAAPDC. The ci i t i,s typically ,

Fesi stor _balurh dGlorHRT P aRoMRRTis BF SateEst rindeAR wtirdbR sfgt sibndl Vst is
| t AE ' | xel P Fi. Q... t AE t.h hol

vol tage AE rapichelhdien ROuRe, REd et el cruieapo; BineFolabEdoRadhp drops

520. The AE : f.o '

Pevel | Tt t RESyeT Paost Ao futiholt Bluibd Dutele B BEIR SaRal ot the AR

threshol d vekhoI0tRaYyekesty dsmbliy BkbBigd GEBLkPIRAIVisero o

conducting, the AE circuit 310 c tage at Hode D to AE
Vref mnus pheladitgfddleltygd thaghold. Thihl sh&iret, c38Pse J0@tabd isinitdized by

order to provide an anti-eclipse function, the AE threshold voltage

AE_Vr ef nusenheirgahatitheaegrtopiingd dossinobfaltbelowrthe ppafetentioed dueticdd: In the

fromthe nom hal (i.e., not during an eclipse) reset signal voltage

| evel of a pelusin citgwilyy Le®haadh golumn line 215 associated with an non-image pixel 100" is
just coupled to a corresponding load circuit 390. This implementation corresponds to
an 1mager which does not further process non-image pixels 100/, although as previously
not%éd, s}'ome imagers may process signals from non-image pixels 100°. As shown in Fig.
3, each AE circuit 310 accepts control signals AE_SHR and AE_Vref. The function of

thes:;é"signals will be explained below in connection with Fig, 4.

[001I52] : Fig. 41is an illustration of an exemplary implementatio.n of the AE circuit 310.
The :_AE éiicuit 310 is used to selectively clamp node D to node E, thereby setting the
voltéfige ét node D to AB_Vref minus the threshold voltage of transistor 320 (transistor
330 15 opéraﬁng as a switch and should not appreciably affect the voltage level at node
D). More specifically, if the pixel is outputting a reset signal and the reset signal level is
below a Predetermmed voltage, the AE circuit 310 clamps the voltage at node D to
AE_ﬁfrefi;rrﬁnus the threshold voltages of transistor 320, thereby minimizing the effect of

the eclipse distortion.



7 semiconductor fabrication produces variances in each integrated
circuit. Differences associated with, for exanple, the amount of
charge injected to the floating diffusion node C of a pixel during a
reset operation, or threshold voltages$ of transistors, may alter
nom nal reset signal voltage |level, and thus, the ideal voltage |evel
for the AE threshold voltage AE Vref. While such variances may be
corrected by calibrating the voltage |evel of the AE threshold

voltage sanal, tHRkEoliftallfsht Amarkulend LabieBEbonEAAIIX st node k,

circuit m nim z€es post’’manutacturing ca SUMVARY

THE | NVENTHEM, h%&?ie@%me%ﬁr&m SRRt AE fankiiRr BRESTRE AFWAREEB20 is

provide for an anti-eclipse circuit for an imager. The anti-eclipse
circuit i sohipledBal séhidd switdelrandidterB330; whivkeih ttilreisseuplaianisedagecidte D.
substrate as the imaging pixels. Mre specifically, tw adjacent

pi xel cir cin AE thresholdidliage A®_Vref issappletbio the gate dithe iFoiwanaddtor 328, while
anplifier is adapted to receive a reset signal fromone of the pixel

ci rcuits weohtohsigndlehE STPRis supplidd pe Su gabe dicthe switeh transiskared?8r i ned

of fset voltage fromthe output of the anplifier. The anplifier is
preferably a unity gain anplifier, so that the output of the

anpl i fier [or4pet T AE‘_’SFIR%ﬁﬂb?MgﬁaHQH@d tbQck{fe BhE ARl SFHltBe0 b?fcfaﬁﬁhg
fromthe voltage | evel of the reset signal. [0018]Since the

anti - ecl i pheABitFadistor 3306 Conded ohly when gresdtalnal Fritanbangeresuty a
conditions as the imging array pixels and may reliably provide a

vol t age r gbel 80tand samplelidyasample ahd hekl dioutilfto. Whe WdEICSHR quitralsignal may
extensi ve post fabrication calibration, ‘
be, for example, identical to the SHR control signal generated by the control cireuit 260
(Fig. 2) to control when the sample and hold circuit 380 (Fig. 3) samples and holds the
reset signal Vrst. The AE_SHR control signal may be generated by the control circuit

260 (Fig; 2).

[0015]  Now also referring to Fig. 5, it can be seen that the AE threshold voltage
AE_Vref is generated by a circuit 500 from pixel power VAAPIX. The circuit 500 is
typically a resistor based voltage divider which produces the AE threshold voltage
AE_Vzrefifrom pixel power VAAPIX. InFig. 5, the AE threshold voltage AE_Vref is
controlleﬁ by the resistance of resistors 510 and 520. The AE threshold voltage AE_Vref
is set to a predetermined level. If the voltage at node D drops below the level of the AE
threshold voltage AE_Vref while the switch transistor 330 is conducting, the AE circuit
310 clamps the voltage at node D to AE_Vref minus the threshold voltage of transistor
320.

[0016]  Thus, in order to provide an anti-eclipse function, the AE threshold voltage
AE_Vref mustbe set at a proper level which corresponds to an offset from the nominal

' (ie, not during an eclipse) reset signal voltage level of a pixel. Unfortunately, '



“<8 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0019] The for egol ng and ot her

advant ages

and features of the invention will become nore apparent

fromthe detail ed description of exenplary enbodi nents of the
i nvention given below with reference to the acconpanyi ng drawi ngs, in

whi ch: [00

20]Fig. 1ill ustrates a conventional pixel; [0021]Fig. 2

Il lustrates an imager utilizing the pixel of Fig. 1; [0022]Fig. 3
Illustrates colum circuitry fromthe imager of Fig. 2; [0023]Fig. 4

i1 1ustrat e%eﬁ&oﬁﬂﬁbt‘o?%ﬁrﬂﬁﬁoﬂ?%ﬂﬁces bRAdeE feach ﬂﬂ ﬁé&%&@ﬁtam&@ﬁces

for generating an anti-eclips

t hreshol d vol t age; 25] Fig. 6A

i |1 ustrat essgvchitddwith, forlexapnis, dhé Aot (ﬁ@hrg@ﬁhfe@t%d th ke g6tk diffusion

vol tage in

node C of a pixel during a reset operation, or threshold voltages of transistors, may alter

‘nominal reset signal voltage level, and thus, the ideal voltage level for the AE threshold

voltage AE_Vref. While such variances may be corrected by calibrating the voltage
level of the AE threshold voltage signal, there is a desire and need for an anti-eclipse

circuit which minimizes post manufacturing calibrations.

SUMMARY OF THE INVENTION

[0017]  Exemplary embodiments of the present invention provide for an anti-eclipse
circuit for an imager. The anti-eclipse circuit is formed from pixel circuitry over the
same semiconductor substrate as the imaging pixels. More specifically, two adjacent
pixel circuits are modified to form an amplifier. One input of the amplifier is adapted
to receive a reset signail from one of the pixel circuits while another input is adapted to
besetata predetermiried offset voltage from the output of the amplifier. The amplifier
is preferably a unity gam amplifier, so that the output of the amplifier is set to a voltage

level equal to the predetermined offset from the voltage level of the reset signal.

[0018]  Since the anti-eclipse circuit is affected by the same fabrication processing

conditions as the imaging array pixels and may reliably provide a voltage reference for

* the anti-eclipse circuit without requiring extensive post fabrication calibration,



“accordance with a first exenpl ary enbodi ment of the present

i nvention; [0026]Fig. 6B is a sinplified block diagram useful for
illustrating the operation of the circuit illustrated in Fig. 6A, and
[0027]Fig. 7 illustrates a systemincdporating the i mager having the
circuit of Fig. 6. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0028] Now
referring to the draw ngs, where |ike reference nunerals designate

| i ke el enments, there is shown in Fig. 6 is an illustration of a

circuit 600 for generati mpmmn%n?qbr@mgﬁgqgﬁgwlq@st age AE Vref
odi nment

i n accordance with an exenplary e

[0019]  The foregoing and other advantages and features of the invention will
become more apparent from the detailed description of exemplary embodiments of the

invention given below with reference to the accompanying drawings, in which:
[0020]  Fig. 1illustrates a conventional pixel;

[0021]  Fig. 2 illustrates an imager utilizing the pixel of Fig. 1;

[0022]  Fig. 3 illustrates column circuitry from the imager of Fig. 2;

{0023]  Pig. 4 illustrates an anti-eclipse circuit;

[0024]  Fig. 5 illustrates a circuit for generating an anti-eclipse threshold voltage;

[0025]  Fig. 6A illustrates a circuit for generating an anti-eclipse threshold voltage in

accordance with a first exemplary embodiment of the-present invention;

[0026] Fig.6Bisa simplified block diagram useful for illustrating the operation of
the circuit illustrated in Fig. 64A; and

[0027]  Fig. 7 illustrates a system incorporating the imager having the circuit of Fig.
6.

DETAILED DESCRIPTION OF THE INVENTION

[0028] Now referﬁ:ng to the drawings, where like reference numerals designate like
_ elements, there is shown in Fig, 6 is an illustration of a circuit 600 for generating the

anti-eclipse threshold voltage AE_Vref in accordance with an exemplary embodiment



"“of the invention. The circuit 600 is preferably forned on the sane
integrated circuit as at |east the pixel array 201 and columm circuit
220 of an associated inmager, but is not otherw se part of the array
of pixels generating imge signals. THe circuit 600 generates the
anti-eclipse threshold voltage AE Vref for each of the and-eclipse
circuits 310 (Fig. 3) of art imager 200. As explained in greater
detail below, portions of the circuit 600 are nodifications of pixel

Clroults (@ ifl inyBa00- IBOSRY K8} 5 HOORRIOHLANE ML doliRln Bl LSt o

processed). By utiTTzing rodiTre I X€ I TCUITS on _ _
| nt egr at edyGldsEitelnikd iy 201580 BIdAY ROt SIFoLHl il Gitta el,% ﬁai‘ﬁf

circuit 600 1Is sutbﬁ ect to the sane sem con%uctor df.égﬂcl’l cati o%

vari ances gifefwife paRROE tHY 2t PofifiQeld eﬁaﬁﬁﬁgﬁﬁ%e 28Pals.aTHe EMSL 600 generates
produces an anti-eclipse threshold voltage AQYref which can be at™a

pr edet er mheenaletiple thi@ivldeoltRRAE Sirehfr endl bflie ahvelipsieaphii® 310 (Fig,
changes to the reset signal voltage |evel caused by such vari ances.

[ 0029] The Jiof enimagd®@00s Asreyphiivetinagreatar detall belova pririgndb ot 2irGait 600 are
602, and 603, an offset voltage generator 630, and an optional

sanpl e- andnhdifigationscafipixg strcuithte. g a von-imagopixels ndse otbpwevpoidarot be

i nput node, Al, A2, and A3, each for_accepting pixel power VAAPD<, and
three contfighesprneassefh iyt uibziag madifist pixeheirepitson thaspme integrated aisat as
Z, and internal nodes C 1+, |-, IL, and. OQUT, as further described

el ow | nitGF Rl AERE and the el dfreit 2, the Sl FAQ istbget 0 the same

050 S A i G i,
ELhe, OB e B DN B 0
transter tﬁ%&?ﬂgftnﬁ{ed blet AbfiAR '%Séﬂ %&ﬁ%‘;ﬁl{qgg Eéa%%%sp}%ﬁ:&aﬁg%'lﬂﬁ heset

first sourc ower transistor ow sel ect
transi storsiérgaﬁaoltgggjeﬁ,aQaﬁgmiwgﬂaﬂgéQn node C. The gate of the
first source follower transistor 113a corresponds to internal node
I+. In circuit 601, the gate of the transfer transistor 111 is

per manent | 0c ed . . ] t S '
ranaror (PR st SHe kSt Gois BEEATAEE MM EKS kbR 1B SR, Wi pp, an
an i magin I ] ri at-l O ] I :
ambod: mentE e BR A 6 MR ob T sRRPILA D old Br B TR e
ground potganth@hdesthidd FdwétinplikAbdd A9, ADRAISOR) leaEH fUr%’chgﬁng;ﬁlﬂelgﬁﬁ?ér
transistor 112 is coupl'ed to pixel power VAAPI X (via nodé A")" an

anot her soVAAZIraridithede donerol sigabl inpahadddso(l, X22and Y catphgait tizrnhheode 7,
floating diffusion node C. The gate of the reset transistor 112

cor r es pondsuct intarnalerodes i T4, $-, tlo rpldddUT pascfonthen destifad belaiy. Rafernahnade IL is
is a control signal which follows the state of the RST control signal
for the sejoupledforrdend airewb3¥xel array 201 (Fig. 2). The first

source follower transistor 113a has its gate coupled to the floating

di ffusion node C, one source/drain coupled to a source/drain of the

row sel ect[0030dnsi Blogk 601 fapretnablgrahbéificast 684 pixel ArctiDoglid 0) dgden the
i, which receives pixel power VAAPDC via transistor 610 and node A2

of circui tinGigdr asthdatgdtweitbtirthit 680.rBlock 601 includes therligidisensitivd dldmens 101
coupled to node X1 to receive control signal AE RON which is a

control si{yhash magbenghaiomliodrshielded fiom inridertiighiowhenused gneircuitg01), N-
the selected rqw in_the pjxel _aryr 201. Anot her source/drain of the
first row @tﬂwg?ﬁﬁ%ﬁs@ForﬂiWr%‘%ﬂﬂﬁﬁ irappigtos d dig N@ﬁa%elélrfskﬁ&urce

e AR A5 ol 5 010 0 B
1) ot he SRhgbR D88 T I edf SF s I e RULTRL e LB sreebpBle

internal node . In circuit 601, the gate of the transfer transistor 111 is permanently




11 [0032] Bl ock 602 is also preferably a nodification of the pixel

circuit 100 (Fig. 1) used in the imager 200 associated with the

circuit 600. For exanple, block 602 includes a second N-channel

source follower transistor 113b and a18econd N-channel row sel ect

transi stor 114b. The transistors 113b and 114b are coupled in series

via their source and drains. The gate of the second source follower
transi stor 113b corresponds to node |-, while the source/drain of the
second row g oBdrHin t ' ' SaRSRE " :
select tr ané“?’{éf %ar totﬁgﬁleﬂg orr es%%ﬁ@gé@o%%gg%.é %"ﬁgﬁé ate g% rtlgg’to remain off

second row ge R6f contitbEhs lsirhildd b urtiat; fFo &aﬁ&d&uféﬁﬁﬂgﬁ%feﬁ&fon. In

vol tage generator 630 is coupled between 'hodes |- and

accepts a comd e@mpslhgnahbddimehifehekheal totringe: gauistes 011 iﬁ%@u}'glﬁd toa
preferably a digital-to-anal og converter having a digital inpu

accepting cgroundlpotentihll Simidarrte girtel 160, one ponrce/ferainreiithe mspt andistondiikis

QUT, and an anal og output coupled to node |-. The offset voltage
gener at or 6GOIHedt tepixel paoverdgAFIX (dr ande Alp and dnetier bennce/drainiaf the reset
control word IN, between nodes |- _and OQUT. The digital word nay be

suppl i ed bytransigar 1 isepupleddn thefleating diffusionrede Ui the gate of thegset transistor
i mager 200._]0033]:The, | arge bl pck is. bl ock 603, I ch fornms an.
anpl i fier i #mew fﬁasqd%i\(/%nimeHE&éttP@en#rﬁﬁﬂs%AQﬁ%&% mhaﬁah ige gpnitrol
applied at terrmnals.l.+ and |- ] € e out put ref i uppl.i ed .
PP e ouTSERBERER 0 Ta theishitn BF s R Hrii Bbbalior M HelodedHBP in Hiepinet
650, whi ch coul &b . . , out
of the sanpranadt Bk arrherRE S (tEys FraRlosddoh BHE F boteif B e
coupled to (Y ) )
transi storsﬂll4§,‘ 1148?{%0 ;’%ﬁeﬁgﬁacﬁé%‘%oﬁg leg t%rg?,gg Cl rcglfﬁegggs’elect
whi ch in ongaf&EP1 BlaY artd RAGHHBE Sthure HRHih %&gﬂédf&dﬁ@ééﬂt W}d@ﬂ&c@ivﬁﬁﬁcel
to flowtwi ce the current of a standard |oad circuit 390. [ 0034] FI g.
6B is a si npbwét AARINGiafratisistbub10 &id fadd AR BF Gigedih6030 eat-te bf Be firbtrow
circuit 600 of iFig. 6A. Fig. 6B illustrates an anplifier 6 having
posi ti ve anstlevtgansistorilidaissoapled tdnodaid taremitepontrol sigdalaA B aRO,ywitich is
for creating an. offset. voltage. If a '
a contiol signal that follows the state of the ROW control signal for the selected row in
the pxxel array 201. Another source/drain of the first row select transistor 114a is

coupled, vianode I2, to a load circuit 390",

[0031]  The function of the portion of block 601 not shared with block 603 is to
provide a signal to node I+. That signal is equivalent to a nominal reset signal produced
by a pixel 100 (Fig. 1) of the imager 200 (Fig. 2). More specifically, when control signal
AE_RST is asserted high to cause transistors 112 to conduct, the signal flowing between
to node I+ from node C is equal to the reset signal produced by a pixel 100 under non-
eclipé'é‘ conditions. This signal does not require calibration because the circuit 601
shares ai.simiiar design and is fabricated on the same integrated circuit as the pixels 100
of the iihager 200, and thus shares the same semiconductor fabrication inducted
variané:éé. Block 601 is not subject to eclipse distortion because its light sensitive

element 101 is shielded from incident light.



*12 vol tage corresponding to a nominal reset signal |evel, is preséented
to input A+, the anplifier will output at node 0 a voltage AE vref
which is |ower than the nom nal reset signal |evel by the magnitude

of the offset voltage created by the Battery. [0035]Simlarly, in

Fig. 6A, the amplifier of block 603 is formed fromtransistor 610,

620, load circuit 390", and certain portions of two nodified pixel
circuits 601, 602. The portion of block 601 which does not overl ap

wi th bl ockp@sd} Pr BIHek®D2 i Wshpraraably eaetiffiaannbf iRl pirdeilcaitdo (Fiber)

of fset voltage-is generated by the offset voltage generator 630.

Bl ock 603 ypseddn desintigen 20 addodiatelew it thé efcuiicd00ager axaraplepbloak 602 ickides
equal to the VAAPI X voltage | evel mnus the offset voltage created by

t he of f seta seabhddyclyemel sdurce fflower Gadsilkter d 13 and h setanat Msrhannel row select
processor based system 700. The system 700 is exenplary of a digital
syst em havitargissor 11¢hgiThe tuasistaes 118k arslit14baire goupled ineskrieswia their70rce and
could be a part _of a conputer system, canera, scanner, nachine vision
system vedfiaiise The ga@r@fgﬁaﬁeqﬁadisg&qeéﬁﬂw@t taensisier 113b cortespendidagode I,

i th i.d h . il t auto f t
opt i cal ¢ rREls Hi SOy EReGAN REihe serons 1oy selvcs Fraagision 4 et eoNplRs Edbe on
T Ot S TR0 B WAL B SHRL IR 2P0 it o
exanpl e, ) g . u
720 h : 704, .
:ﬁgoggrﬁgi%%ﬁﬁéﬁ%af P o B g X Tt R B hing
vol t age foérm?'?:'g1 %WF%???%@%Q%‘% cw{% H%&Séﬁéfgsﬁ§%@8%§§? ?I{Heﬁf%&f’éﬂ?age
be appr eci gdngghtbedo inf@éra%@QHigﬁM@aﬂﬂogh&ﬁéﬂ@ 'Btfa’irﬁigle{ ntgljﬁtpﬁt accepting

met hod of manufacturing the circuit 600. For exanple, 7In

exenpl ary contiolivaoed 1IN, anagithecdupuneiinad toupled tanodd OIUE ahd paenalog

circuit includes the steps of providing, over a portion of a

subst r at e atpresppi wndde Ia ‘Shegffsetivoltege geredator 680forcesat vdliegs tifference,
luralit 13 ‘

P Yy based on the contents of control word IN, between nodes I- and OUT. The digital word

may be supplied by a controller, such as controller 260 (Fig. 2) of the imager 200.

[0033]  Thelargest block is block 603, which forms an amplifier in which the positive
and negative inputs are respectively applied at terminals I+ and I, while the output

. AE_Vref is supplied at node OUT. Node OUT may also be coupled to a sample-and-
hold drcuit 650, which could be used to present the AE_Vref voltage at the output of
the sample-and-hold circuit. Block 603 includes node IL, which is coupled to the
sourcé/drains of the first and second row select t‘:ransistors 114a, 114b. NodeIL is also
coupled to load circuit 390, which in one exemplary embodiment comprises a fransistor

640 biased to flow twice the current of a standard load circuit 390.

[0034]  Fig. 6B is a simplified diagram useful for explaining the operation of the
circuit 600 of Fig, 6A. Fig. 6B illustrates an amplifier 6 having positive and negative

inputs A+, A-, and an output O and a battery 7 for creating an offset voltage. Ifa



of imaging pixels 100, a colum circuitry 220, and circuit 600. The
pi xel s 100, colum circuitry 220, and circuit 600 can be fabricated
on a sane integrated circuit using known sem conductor fabrication
techni ques. 10038] The present inventi d2 therefore takes advantage of
the |ikelihood that nodified pixel circuits |located on the sane
integrated circuit as the pixels of the pixel array and the colum
circuitry of an imager would have identical seqiconduct .

: . , r. .
fabri cati orPliage ceEeTHONGaRs o yheminn seset signal lexe wwwtﬁaﬁ@mﬁltm the
is nmodified to. becane part, of referen vol.t nerator..The |,
ot or ence iR TGePar thrade Qe SeRASHAR R bR S 1006 tRne domingl geset
a controll abl e;of fset, fromihe ordin reset si |. vMolit age | evel of
2 bixel o gL EhBE e HETEe B ARt Yo Ry ARy o,
i mager to i mager caused by the sem conductor fabrication process.
[ 00391Whi | e the invention has been described in detail in connection

with the d9e3I arSinitasbu imEig: A, the avnplifiey ob blagk §63 in fevared eam tiaasistor 610,
invention js not |imted to the above disclosed enbodi pents. Rather,
the i nvent§28nlogdsirgat Aefli sndbeprtain pagiong of stve meetilied phel ciseuits 601, 602. The
ot her ot dioshe GEEEFK BRLw 1B dagiech OHF AR BIAITGR A PP LRES e MepRseset
d f the.i tiQn. [ ngl, t he i tign i t Lim
byt he- | or g NGRET o s TP AR aeneried BY T el Bt syt e boo
ot ol ai : . .
conpri si ng oPeRIgEtos 8dde oUf ait AR Bret poltaseat f VolldiRAE Bk dblne

g: )9(1 ﬁ;ls ST Ory RAPEK ¢bREpd RILGRINEEhE 6FE: voliagPteaRA by B QSO diAke generator
630.

[0036]  Fig. 7 illustrates a processor based system 700. The system 700 is exemplary
of a digital system having an imaging device. Without being limited, system 700 could

"bea part of a computer system, camera, scanner, machine vision system, vehicle or
personal navigation system, portable telephone with camera, video phone, surveillance
system, auto focus system, optical fracking system, image stabilization system, motion
detection system, or other system having an imaging function. System 700, for
example, a camera, generally comprises a bus 720. Coupled to the bus 720 are a
processor, such as CPU 702, a memory, such as a RAM 704, a removable memory 714,
an 1O device 706, and an imager 200 including the circuit 600 of the present invention
for generating the reference voltage for its anﬁ-eclipse- circuits 310 (Fig. 3).

[0037] It should be appreciated that other embodiments of the invention include a
method of manufacturing the circuit 600. For example, in one exemplary embodiment,
a method of manufacturing an anti-eclipse circuit includes the steps of providing, over

a portion of a substrate corresponding to a single integrated circuit, at least a plurality



an anti-eclipsing circuit for adjusting the level of said reset
signals and utilizing a reference vol tage; and a reference
vol tage generation circuit for generating said reference voltage in
response to signals which are affected3by fabrication conditions
whi ch affect the reset signal produced by said inmaging pixels, the
reference vol tage generation circuit conprising: at |east one

non-i magi ng pi xel for producing a nomi nal reset signal, and a
vol tage ci fimegingpixatotif: pieglusan girewiny 220 cad aitcuiid®0a The pixsls 18 column
froma voltage | evel of said nom nal reset_ signal. , .. The

i mager cir SHPiET22D) anchitouit ik can pedabrcaod &y aaamﬁiwsge}tei gireuit using known
anti-eclipsing ciircuit, angd said reference voltage generation circuit
are Iocate@a@%QEdEQWE%#HFEBP%? UeEui t . 5. The ifmger circuit

of claim1l, wherein said at | east one non-inmaging pixel further
conprises: a floating diffusion node; and a transfer

transi st or ,[J0@8Up| ethdpresérs invention tharkfobedakestaeivantage af thafiitelhoond ithitv e

el enent and said floating diffusion node, said transfer transistor

havi ng a ganedified pixelicireiits lpeatedonshe spone indegrated dinguiiais dhe pielsfad the pixel
transi stor to,reng%n in a non-conducting state. The i mager

circuit of agyaxigRdine selug ereuiaye m@a@@g@%@ﬁ%&i@?} wamicondictorer

Focei vi ng RSO HH GeRE R e et b eap B R Sy o

COMDT 1 9€5: 1R L Eftor THLA00 oL Q1R ORI i 1Al i8Rt SR ge IRILH £
designed to produce a voltage equal to a controllable offset from the ordinary reset
signal voltage level of a pixel of the imager, despite differences in such voltage from

unager to imager caused by the semiconductor fabrication process.

[0039] ©  While the invention has been described in detail in connection with the
exemplary embodiments, it should be understood that the invention is not limited to
the above disclosed embodiments. Rather, the invention can be modified to incorporate
anyjﬁumbér of variaﬁoné, alternations, substitutions, or equivalent arrangements not
herét_ofore described, but which are commensurate with the spirit and scope of the
mvéﬁﬁon.- Accordingly, the invention is not limited by the foregoing description or

draf)vings, but is only limited by the scope of the appended claims.



15 an offset circuit for producing said reference voltage as an
offset froma voltage |evel of said mrrored signal. 7. The
imager circuit of claim6, wherein said offset circuit further
conprises a transistor, said transistor having a first source/drain
coupled to receive said mrrored signal, a second source/drain
coupled to said load circuit, and a gatig coupled to an offset voltage
generator for creating an offset voltage between said first
source/drain and said gate. 8. The imager circuit of claim?7,
wherein said offset voltage generator conprises an digital to anal og
converter, said digital to anal og coayaqig having an anal og out put
coupled to said gate of said transistor and a ground power term nal
coupled to said first source/drain 9. The imager circuit of
claim1, funt bearintQefditcaitBemprisiagipl e- and-hold circuit, coupled to
said reference voltage generatiqon circuit, sajd sanpl e-and-hold
circuit adapheday of misipinsludig aRivglivafamaging pegls donpspdusgig, respective regql

An i magek G AR e iout sienals:@N array of pixels including a plurality
of inag?%é g?@&t%kfoﬁmp? Jb%ing respective reset signals and i nmage

out put si gnahsnti-eclipsingzircwit fomadinsting the Jevelnfishid desebsigalvandrtidigingfa reference
pixels,V For_sqiecting a row of pixels fromsaid array for processing;

a pIuraP %§’8? anti-eclipsing circuits for adjusting the |evel of

sai d reset airglorhse vélnge ¥ardrdtioqkirtliefos gheeidtig shidwefefenpd ¥adage B@sponse to

utiliz Is}’],c:.rgl{al%l \Jh?(]:he;rg Q&gcte\:/doll)} f%gr?(;:atiglq g:onditions which affect the reset signal produced by said
imaging pixels, the reference voltage generation circuit comprising:
at least one non-imaging pixel for producing a nominal reset signal; and
a voltage circuit for producing said reference voltage as an offset from a voltage level of said

nominal reset signal.

2. The imager circuit of claim 1, wherein said array of pixels, said anti-eclipsing circuit, and

said reference voltage generation circuit are located on a same integrated circuit.

5. The imager circuit of claim 1, wherein said at least one non-imaging pixel further
comprises:

a floating diffusion node; and

a transfer transistor, coupled by its source and drain between a light sensitive element and
said floating diffusion node, said transfer transistor having a gate coupled to a potential source

causing said transfer transistor to remain in a non-conducting state.

6. The imager circuit of claim 1, said reference voltage generation circuit further comprising
a load circuit coupled to said non-imaging pixel for receiving said nominal reset signal, and
wherein said voltage circuit comprises:

a current mirror for producing a mirrored signal identical to said nominal reset signal; and



a reference voltage generation circuit for generating said reference
voltage in response to signals which are affected by fabrication
condi tions which affect the reset signal produced by said inaging

pi xel s, the reference voltage generation circuit conprising: at |east
one optically black pixel for producing a nom nal reset signal; and

a voltage circuit for producing said rggerence voltage as an offset
froma voltage | evel of said nomnal reset signal. 16 11. The
i mager of claim 10, wherein said array of pixels, said anti-eclipsing

on o same | A 8B ciREL R BRpo e i Aot SAN R R R o Tl G T R or i

wher ei mig@ted sifnal. east one optlcally bl ack pixel further conprises: a
floating diffusion node; and a transfer transistor coupled by
its source and drain between a |light sensitive el enent and said

floating diff il @RafR dRenifRH Fhit '@ IBER ol PBIBLIRNLiHRYIR dofp9at 8 pransistor,
coupled to a potential source causing said transfer tranS|stor

r emai n stid tansiginr bmnﬂra:ﬁmh@umeédran coupled|®.recEines sardaglemrqdfmgnahlarsﬁqcmd

sai d refere ce vol erati o cuit furgher d
o rcul SoSRERRGalIF 58 B BlrD g G o4 PG oFETROURisLall P B
nom nalcreadisghn sﬂf@nablragamdwmleﬁaea firs$ aduilce/drhinae sqid il t conpri ses:

8. The imager circuit of claim 7, wherein said offset voltage generator comprises an digital
to analog converter, said digital to analog converter having an analog output coupled to said gate of

said transistor and a ground power terminal coupled to said first source/drain.

9. The imager circuit of claim 1, further comprising a sample-and-hold circuit, coupled to
said reference voltage generation circuit, said sample-and-hold circuit adapted to sample and hold

said reference voltage.

10. An imager comprising:

an array of pixels including a plurality of imaging pixels for producing respective reset
signals and image output signals;

a column circuit, coupled to said array of pixels, for selecting a row of pixels from said array
for processing;

a plurality of anti-eclipsing circuits for adjusting the level of said reset signals received from
the selected row of pixels and utilizing a reference voltage; and

a reference voltage generation circuit for generating said reference voltage in response to
signals which are affected by fabrication conditions which affect the reset signal produced by said
imaging pixels, the reference voltage generation cireuit comprising:

at least one optically black pixel for producing a nominal reset signal; and

a voltage circuit for producing said reference voltage as an offset from a voltage level of said

nominal reset signal.



a current mrror for producing a mn-ored signal identical to said
nom nal reset signal; and an offset circuit for producing said
reference voltage as an offset froma voltage |level of said mrrored
si gnal . 16. The inmager of claim15, wherein said offset
circuit further conprises a transistor, said transistor having a
first source/drain coupled to receive 3gid mn-ored signal, a second
source/drain coupled to said load circuit, and a gate coupled to an
of fset voltage generator for creating an offset voltage between said
first source/drain and said gate. 17. The inmager of claim 16
wherein said offset voltage generator conprises a digital to anal og
converter, dai Ghelirmgadeabs ¢lainaim wbgrerodaubartBrofipdels) ghid Anthocdipeigg @lityits] and
coupled to said g%te of sajd transistor and a neqativg out put
term néPldchf%fﬂn%%i"(t 9es genFrationsirowbye (epte on g same pitegrated cirgquil.  The
i mger of claim10, further conprising a sanple-and-hold circuit,
coupled to said reference voltage generation circuit, said
sanpl e- and- Hé! dheimager of daiapi®ovherisuidpitdeasnehetnplicallydiletkmited futice
voltag%bnlﬁss_ 19. An imagi ng system conprising: a processor; and an
i mger, coupled to said processor, said inmager conprising: an
array of pi xdloatingdilfusiongode; phdiral ity of imaging pixels for producing
respective r.;:l?rsalgéfers tlra rsllas![()?‘ cgi?pqeci brT}Pi sesogll’il:% %Hé drsalin eat'\lvgén a light sensitive element and
said floating diffusion node, said transfer transistor having a gate coupled to a potential source

causing said transfer transistor to remain in a non-conducting state.

15. The imager of claim 10, said reference voltage generation circuit further comprising a
load circuit coupled to said optically black pixel for receiving said nominal reset signal, and

wherein said voltage circuit comprises:

a current mirror for producing a mirrored signal identical to said nominal reset signal; and

an offset circuit for producing said reference voltage as an offset from a voltage level of said

mirrored signal.

16. The imager of claim 15, wherein said offset circuit further comprises a transistor, said
transistor having a first source/drain coupled to receive said mirrored signal, a second source/drain
coupled to said load circuit, and a gate coupled to an offset voltage generator for creating an offset

voltage between said first source/drain and said gate.

17. The imager of claim 16, wherein said offset voltage generator comprises a digital to
analog converter, said digital to analog converter having an analog output coupled to said gate of

said transistor and a negative output terminal coupled to said first source/drain.



a colum circuit, coupled to said array of pixels, for selecting a
row of pixels fromsaid array for processing; a plurality of
anti-eclipsing circuits for adjusting the |level of said reset signals
received fromthe selected row of pixels and utilizing a reference
vol t age; and a reference voltage generation circuit for
generating said reference voltage in rggponse to signals which are
affected by fabrication conditions which affect the reset signal
produced by said i nmaging pixels, the reference voltage generation

circuit conpgi 406 t - INg..Ri _%n_ f gl .
nor nal v eodf” &g AayEhet A5t 10 REeROR BRI Peflelind Rl B0 Eib g e
r ef er enefereviod valgee gaepatioafciradt, sdid campleaad-hallecilceiv edapodd t6 aardplaand helll said
reset signal. 20. The inmagi ng system of claim 19, wherein said
array OFiPIReYAE8Eai d anti-eclipsing circuits, and said reference
vol tage generation circuit are located on a sane integrated circuit.
23. The inaqing@systpn1of claim19, wherein said at |east one
non- i magi ng 1pi Xalimpging Rgyterg epmppiisess: a fl oating di ffusi on node; and
a transfer transistor,y coupled by its source and drain between a
l'i ght sensi titve é%énent and said floating diffusion node, said
transfer transnhadenrcohpled ngsaid gratessarpdapl mchgeocomppningnt i al sour ce
causing said transger trap%istor tP remain in, on- conducti ng. st at e.
an array of pixels including a plurality of imaging pixels for producing respettive reset
signals and image output signals;
a column circuit, coupled to said array of pixels, for selecting a row of pixels from said array
for processing;
a plurality of anti-eclipsing circuits for adjusting the level of said reset signals received from
the selected row of pixels and utilizing a reference voltage; and
a reference voltage generation circuit for generating said reference voltage in response to
signals which are affected by fabrication conditions which affect the reset signal produced by said
imaging pixels, the reference voltage generation circuit comprising:
at least one non-imaging pixel for producing a nominal reset signal and
a voltage circuit for producing said reference voltage as an offset from a voltage level of said

nominal reset signal.

20. The imaging system of claim 19, wherein said array of pixels, said anti-eclipsing

circuits, and said reference voltage generation circuit are located on a same integrated circuit.

23. The imaging system of claim 19, wherein said at least one non-imaging pixel further
comprises:

a floating diffusion node; and

a transfer transistor, coupled by its source and drain between a light sensitive element and
said floating diffusion node, said transfer transistor having a gate coupled to a potential source

causing said transfer transistor to remain in a non-conducting state.



18 24. The imaging systemof claim 19, further cohprising a

| oad circuit, coupled to said non-inmaging pixel for receiving said
nom nal reset signal, and wherein said voltage circuit conprises:

a current mrror for producing a mrrored signal identical to said
nom nal reset signal; and an offset circuit for producing said
reference voltage as an offset froma \ygltage |evel of said mrrored
si gnal . 25. The imagi ng system of claim 24, wherein said offset
circuit further conprises a transistor, having a first source/drain
coupled to receive said mrrored signal, a second source/drain
coupled to said load circuit, and a gate coupled to an offset voltage

generator fon ¢heahddith ARteA fX@dimvi0l haGer RRipMBI SidhdlkifdultSdoupled to said non-
source/drain and said gate. 26. The imagi ng system of claim 25,

wher ei Amaging piel Herecoiymegid ngaredl agsst sigwhphises a digital to anal og
converter, %ﬁf-e%irgéag&{r@‘tagggir%ﬁ?éo Lohverter having an anal og out put

coupled to sald gate of “said transistor and a ground power term nal
coupl ed to sauderdtimisbr fopreiatogainirored signalidentitaktoisaigiongnad yestesdgml; and

laim19, furt |.e-and- hol d ci t d .t .
Card T ef er ot BUGBTRDbI BT E B o Pt I Ga tf SATPCR A Riray 1ol ofsid

ci rcui tmidaatsethat 0 sanpl e and hol d said reference voltage. 28.
A nmethod for formng an imaging circuit, conprising: providing a
sem conduct or substrate; form ng, over said sem conductor

substrate, ] h e l5udi | by of | i ng-nixels
for produci 28 ?relés %ﬁ%&%@sﬁﬁgﬁﬁ a gggﬁlgg ildLntg%éﬂ %l)ué%] g lgl%ljtﬂs%?gé]rgllg%s,%g éai d
i magi ngrapsister, badogh ifigi sewcd/drapr @dpled tewcel ve smdmimertp signal] gseabsd source/drain
accor dlcgﬂnlgc? to said lgz?dp éiréu&t?z;]l}d; a gate coupled to an offset voltage generator for creating an offset

voltage between said first source/drain and said gate.

26. The imaging system of claim 25, wherein said offset voltage generator comprises a
digital to analog converter, said digital to analog converter having an analog output coupled to said

gate of said transistor and a ground power terminal coupled to said first source/drain.

27. The imaging system of claim 19, further comprising a sample-and-hold circuit, coupled
to said reference voltage generation circuit, said sample-and-hold circuit adapted to sample and hold

said reference voltage.

28. A method for forming an imaging circuit, comprising:

providing a semiconductor substrate;

forming, over said semiconductor substrate, an array of pixels including a plurality of
imaging pixels for producing respective reset signals and image output signals, said imaging pixels
configured to produce said image output signals according to incident light;

forming, over said semiconductor substrate, an anti-eclipsing circuit for adjusting the level

of said reset signals and utilizing a reference voltage;



formi ng, over said sem conductor substrate, an anti-eclipsing circuit
for adjusting the level of said reset signals and utilizing a
reference voltage; 19 form ng, over said sem conductor
substrate, a reference voltage generation circuit for generating said
reference voltage in response to signals which are affected by
fabrication conditions which affect thggreset signal produced by said
i magi ng pixels, the reference voltage generation circuit conprising:
at | east one non-inmagi ng pixel for producing a nom nal reset signal,

said at |east one non-i i.n i.xel confi ed to.not produce, an
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vol tage | evel of said nom nal reset signal; and form ng an integrated

ci r cui twhieh #ffpcttie gessevignad nepdescdrbysaidsmaning pixels, the reference voltage generation
circuit comprising:
at least one non-imaging pixel for producing a nominal reset signal, said at least one non-
imaging pixel configured to not produce an image output signal according to incident light; and
a voltage circuit for producing said reference voltage as an offset from a voltage level of said

nominal reset signal; and

forming an integrated circuit using said semiconductor substrate.



