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FI ELD OF | NVENTI ON [ 0001] The present invention relates generally to pixel
architectures for seniconductor inmagets. Mre specifically, the present
invention relates to an anti- eclipse systemfor inmge sensors. BACKGROUND
OF THE I NVENTION [0002] Fig.1 is an illustration of a conventional four
transistor (4T) pixel 100. The pixel 100 includes a |ight sensitive el enent
101, shown as a photodi ode, a floating diffusion node C, and four
transistors: a transfer transistor 111, a reset transistor 112, a source
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at the floating diffusion node C controls the conductivity of the source
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[0002]  Fig.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
source 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
control signal for controlling the conductivity of the reset transistor 112, and a ROW
control signal for 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 transfer and reset transistors 111, 112 determine whether the
floating diffusion node Cis 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

Reriod.



di ffusion node C to the pixel power VAAPI X at node A, and resets the voltage
at node C to the pixel power VAAPI X. The pixel 100 outputs a reset signal
Vrst at node B--As will be explained 2n greater detail below in connection
with Fig. 2, node Bis typically coupled to a colum |ine 215 (Fig. 2) of
an i mager 200. [0005] After the reset signal Vrst has been output, the RST
control signal is not asserted. The light sensitive elenent 101 is exposed
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in nost imagers 200, both the outer 20l1a and inner 201b regions of the

pi xel arr 01 uld ordinarily_jnclude many nore pixels 100',100. [0007]
The dark IO 's Puiter theaesed signal Mrpbhashesrionhpuy g Zfi%&@?ﬁig%@f B0 (Fig.
1) except the e..npt used tq capture, an i mage., Typically, the |ight
sensi t | veAsseideniha Bghtsensiirve dlamehh fis expered © insldamidiet rosacrariiates
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transfer transistor 111 and diminishes the voltage at 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 components of the overall pixel output (i.e., Voutput = Vst — Vsig), which

is typically processed by an imager 200 (Fig. 2) as explained in greater detail below.

[0006]  Fig. 2 is 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 oﬁlter region 201a of
dark (i.e., non-image) piXels 100" and an inner region 201b of image pixels 100. Due to
space 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



conversion circuit 230, a digital processing circuit 240, and a storage

devi ce 250. The imager 200 also includes a controller 260. The row
circuitry 210 selects a row of pixels 3100, 100' fromthe pixel array 201
The pixels 100, 100" in the selected row output their reset and pixel
signals Vrst,, Vsig to the colum circuitry 220, via colum |ines 215. The
colum circuit 220 sanples and holds the reset and pixel signals Vrst, Vsig.
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216. The digital conversion circuit 230 converts the pixel output signals to
corresponding digital values, and may include for example, plural analog-to-digital
converters. The digital values are then processed by the digital processing circuit 240,
which stores the processed values in the storage device 250 (for output). The controller
260 is coupled to the pixel array 201, row circuitry 210, column circuitry 220, digital
processing circuit 240, and storage device 250, and provides control signals to perform
the above described processing. Signals which are produced from a non-image pixel
100 are either not sampled and held and are not subsequently processed by the digital
conversion circuit 230, digital processing circuit 240, nor stored in the storage device

250, or are sampled and held and processed to provide a dark signal level.

[0009] A pixel 100 is susceptible to a type of distortion known as eclipsing.
Eclipsing 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.



(i.e., dimnished voltage) reset signal Vrst. This, in turn, can cause the
reset and photo signals Vrst, Vsig to be nearly the sane vol tage. For
exanpl e, the photo and reset signals 4rst, Vsig may each be approximtely 0
volts. The pixel output (Vrst - Vsig) can therefore becone approximately O
volts, which corresponds to an output voltage nornally associated with a
dark pixel. Eclipsing is not a concern with respect to the non-inmge pixels
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[0010]  Ananti-eclipse circuit can be used to minimize the effect of eclipsing. For
example, since during an eclipse a pixél’s reset voltage will tend to drop towards zero
volts, an anti-eclipse circuit can monitor the voltage level of the reset signal. If the
voltage level drop below a threshold voltage, the anti-eclipse circuit can assume the
eclipsing may occur (or is occurring) and then correct the voltage level of the reset
sigﬁal by pulling the reset level up to a correction voltage, thereby minimizing the

eclipse 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 éonversion circuit 230



bel ow a predeterm ned threshold during the output of the reset signal Vrst,
the AE circuit 310 intervenes by clanping the voltage of the reset signal
Vrst to a predeternm ned voltage threshold. In this nmanner, eclipse
distortion is minimzed by ensuring that the reset voltage does not fal
bel ow t he predeterm ned threshold. In the colum circuitry 220, each col um
line 215 associated with an non-inage pixel 100" is just coupled to a
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100'. As shown in Fig. 73, each AE circuit 310 accepts control signals

AE_SHR andiAk oYk eThe SPEcitelile B8P alt@hativESTanleNah@ holdd thes,dtiplealt nede TRAOW

in connection with Fig. 4. [0012] Pig. is"an illustration of” an exenplary
i mpl ement athoesef Vidﬂ%nﬁ%h‘dtbc\wi sighfls ard fnénited oHicolEha lirte 2FBbtiveen the
sel ectively clanp node to node E, thereby setting the voltage at node D

to AE_Vref piitel 060 bh¢ théleshatchiv3d0, a0 AE circalt 318 fonctieits ot maisisé eie effR0of S
operating as a switch and shoul d not appreciably affect the voltage |evel at

node D). Wi edipedclidtosddn b% mdnitdrngtheetoltageathpdeD athen thesetetsigndVrsyid
the reset signal level is el ow a predeterm ned voltage, the AE circuit 310

cl anps t he condticigé batwaatthdpikel 100@nd tiertoad sirtiie 390 Kthelvadltagk adgede Of drops
transi stor 320, thereby mnimzing the effect of the eclipse distortion. 6

[0013] Mor belpeaipredeteiminddihréhold daving thé Quépaieph the resatisigrabdirsty APAK at
node E, which is coupled to one source/drain of an AE transistor 320. The
AE transi stiveuiB300 irtervemep bydlampigy thesrodtagaiof tie tasahsigaabVrs336a which in
turn is coupled in series to node D. An AE threshold volrage AE Vref is
suppl i ed t predetegainedofoltage thfeshokh sinsthiy magfier, eblipse diatartionrisminimivetl b&E
SHR is supplied to the gate of the switch transistor 320. [0014] The AE SHR
control si gnsuring thesdbe resehvoltege doesdmotARll beloyuihe pridietgrminedithgeshold Iaghe
transistor 330 to conduct only when the reset signal Vrst is being output by
a pixel 100luanm ccirewmitie?padnegliiounlice RH assoriatad withem nahdmage shireldontisol
signal ma
? Y just coupled to a corresponding load circuit 390. This implementation corresponds to
an imager which does not further process non-image pixels 100’, although as previously
noted, some 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

these signals will be explained below in connection with Fig. 4.

[0012] = Fig. 4 is an illustration of an exemplary implementa’cioﬁ of the AE circuit 310.
The AE circuit 310 is used to selectively clamp node D to node E, thereby setting the
voltage at node D to AE_Vref minus the threshold voltage of transistor 320 (transistor
330 is operating 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 predetermined voltage, the AE circuit 310 clamps the voltage at node D to
AR_Vref minus the threshold voltages of transistor 320, thereby minimizing the effect of
the eclipse distortion.



be, for exanple, identical to the SHR control signal generated by the
control circuit 260 (Fig. 2) to control when the sanple and hold circuit
380 (Fig. 3) sanples and holds the reBet signal Vrst. The AE_SHR control
signal may be generated by the control circuit 260 (Pig. 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 pi xel power VAAPI X. The circuit
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from pi X%lese stonal Vidt, eerA]t:li?HR control signal may be generated by the control circuit
g gn ybeg y

260 (Fig. 2).

[0015]  Now also referring to Fig. 5, it can be seen that the AE threshold voltage
AFE_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_Vref from pixel power VAAPIX. In Fig. 5, the AE threshold voltage AE_Vref is
cantrolled 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 must be set at a proper level which corresponds to an offset from the nominal

(i.e, not during an eclipse) reset signal voltage level of a pixel. Unfortunately, |



sanme sem conduct or subsfrate as the imging pixels. Mre specifically, two
adj acent pixel circuits are nodified to forman anplifier. One input of the
anplifier is adapted to receive a reskt signal fromone of the pixe
circuits while another input is adapted to be set at a predeterm ned of fset
voltage fromthe output of the anplifier. The anplifier 1is preferably a
unity gain anplifier, so that the output of the anplifier is set to a
vol t age . ! fif g 105%dt a of
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exenpl ary enbodi nents-of the™ invention given bel ow erence to the

acconpany iRl AM_Vgé;, mmueﬁ vakigRedd mEj( Be cdriekledSy ﬁmﬁaﬁngﬂgg %Ithgé‘i"_

pi xel ; [0021]"Fig.™ 2 il trates an imagetr utilizing the pixe Figr 1;

[0022] Fi goyeBof P{eUAErtﬁfé%ﬁoFcP’vHHEgé?éi R4l HHeYe [ PHRIACan IREEA £ ar hfiti-eflipse
[0023] Fig. 4 illustrates an anti-eClipse circuit; [0024] Fig. 5 illustrates

a circult cfr@tﬁit%ﬂ@lﬁﬁiihﬁﬁi@@gﬁﬁ%Ma%ﬁlféd@ﬁﬁn%?!é%ﬂéﬁbﬂsym tage; [0025] Fig. 6A
illustrates a circuit for génerating an anti-eclipse threshold voltage in
accordance with a first exenplary enbodi nent of the present invention;
[0026] Fig. 6B is a sinplified block diagramuseful for illustrating the
operation of the circuit illustrated in Fig. 6A;, and [0027] Fig. 7
illustrates a systemincorporating the inmager having the circuit of Fig. 6.

DETAI LED DESCRI PTION OF Tin Wb% IJND‘\?ENEEI%{I{II ng to the draw ngs,

where |i ke reference nuneral

[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 signal from one of the pixel circuits while another input is adapted to
be set at a predetermined offset voltage from the output of the amplifier. The amplifier
is preferably a unity gain 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.



el enents, there is showm in Fig. 6 is an illustration of a circuit 600 for
generating the anti-eclipse threshold voltage AE Vref in accordance with an
exenpl ary enmbodiment 9 of the inventi%®n. The circuit 600 is preferably
formed on the same integrated circuit as at |east the pixel array 201 and
colum circuit 220 of an associated imager, but is not otherw se part of
the array of pixels generating inage signals. The circuit 600 generates the
anti-eclipse threshold vehii I i -eclipse circuits
310 (Fig. 3) of an imggwg%?@s%%ﬁglﬁr%gqlﬁ?g%%mr etail bel ow,
portions of the circuit 600 are nodifications of pixel circuits (e.g., a
non-i mage pi xel s whose out put would not be further processed). By utilizing
nodi fi ed [9(5)19& ciThedpregoing andé otheraadvianiagesrad featuses of the invartipn edll array
and the colum circuit 220, the circuit 600 is subject to the sane

seni condRecomefmerd apparent iramuthedlafailehdesssipfionof exemplarspembpdimentsof thee

i mger 200, and thus produces an anti-eclipse threshold voltage AE Vref

whi ch carinpentign givep avith refergicedethe pepmpanyieg drawingfain vhiekige | evel
despite changes to the reset signal voltage | evel caused by such vari ances.
[0029] The circuit 600 is organi zed as three overl appi ng bl ocks 601, 602,
and 603, g@zg]offﬁ%_ lﬁﬂhﬁﬁgﬁs%%%hﬁbnﬁ%ﬁxel?nd an optional sanple-and-hold
circuit 650. "The circuit = 600 includes three power input node A, A2, and
AS, each for accepting pixel power VAAPIX, and three control signal input
nodes X1, and Y, .an output signal node Z, .and_.internal nodes C, 1+, |-,
L, and (&)ﬁgl]as %Eﬁ-tzﬂﬁﬂsﬁé?érainﬂ%aﬂﬁél 21N rH%’é‘Ir’]chFgé ]Irf'L is coupled to a
|l oad circuit 390'. [00301 Block 601 is preferably a nodification of a pixel
circuit 100 (Fig. 1) used in the inmager associated with circuit 600. Bl ock
601 i ncl (dez2]t he Fig. grillusgatdsicolanalceraitty &oin tHavmper iFide;a phot o- di ode
shiel ded fromincident |ight when used in circuit 601), channel transfer
transistor 111, N-channel reset transistor 112, N-channel first source

fol | oner si stor ,113a n Nchannel first. row select transistor 114a, and
the fl oat[lb{l%ﬁ di ﬁ%élﬁﬁsﬁgﬁg 3&”&&8%&??&“8?&’[ he first source follower

transi stor 113a corresponds to

[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. 6B is a simplified block diagram useful for illustrating the operation of

the circuit illustrated in Fig. 6A; and

[0027]  Fig. 7 illustrates a system incorporating the imager having the circuit of Fig.
6.
DETAILED DESCRIPTION OF THE INVENTION

[0028]  Now referring 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



internal node I+. In circuit 601, the gate of the transfer transistor 111 is
permanently 10 coupled to a predeterm ned voltage that causes the transfer

transistor Il to remain off and not ®onducting, simlar to an imaging
pi xel operation during a reset operation. In one exenplary enbodi ment, the
gate of the transfer transistor Ill is coupled to a ground potential.

Si n‘i:a(rj to pi xel 100, one source/drain of the reset transistor 112 is .
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node 1+ t signal 1s equivalent to a nomnal reset signal produced by a

i xel 10 i "H‘?ﬂ&lﬁ%pﬁarf j : Rei TGl Y ; g\@@ﬂ
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the si gnagnéif mgﬁpggdgeésvﬁ@@%guﬂméshoﬁd %ltﬁgﬂgﬁ]ig\ﬁréf@m c T%Q@a reset

si gnal produce a pixe nder non- ec se condi tions. I's signal

does not rg@aaiemiﬁai bIFs&kOH the¢ades ‘é‘igﬁw‘&?v&ﬂti%él%{relﬁ%git%%%ﬁ eftSHE feddt
design and is fabricated on the sane~integrated circait as the pixels 100

of the i Wvgmgemltmmgﬁpa{@aﬁgp sem conductor fabrication
S

i nducted Vvariancés. Block 60T is not subject to eclipse distortion because
its light sensitive

[0029]  The circuit 600 is organized as three overlapping blocks 601, 602, and 603, an

offset voltage generator 630, and an optional sample-and-hold circuit 650. The circuit
600 includes three power input node Al, A2, and A3, each for accepting pixel power
VAAPIX, and three control signal input nodes X1, X2, and Y, an output signal node Z,
and internal nodes C, I+, I-, IL, and OUT, as further described below. Internal node IL is

coupled to a load circuit 390'.

[0030]  Block 601 is preferably a modification of a pixel circuit 100 (Fig. 1) used in the
imager associated with circuit 600. Block 601 includes the light sensitive element 101
(which may be a photo-diode shielded from incident light when used in circuit 601), N-
channel transfer transistor 111, N-channel reset transistor 112, N-channel first source
follower transistor 113a, an N-channel first row select transistor 114a, and the floating
diffusion 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 permanently



el ement 101 is shielded fromincident light. 11 [0032] Block 602 is also
preferably a nodification of the pixel circuit 100 (Fig. 1) wused in the
i mager 200 associated with the circui 10600. For exanple, block 602 includes
a second N-channel source follower transistor 113b and a second N channel
row select transistor 114b. The transistors 113b and 114b are coupled in
series via their source and drains. The gate of the second source foll ower

Second r ow SeTELE0 b PERRAEHRIR, ARk hat X %%%%*?%%Qf‘éf%@élﬁﬁsﬂi%&v‘*éé%%?ﬁ off
tr ansi gi §¥“ﬂﬁ§f a1 03 0nlping PRSI PPLRRIn o R Rl gE
of 190t vl Tge aeasy Shibdtilstl Te BAR GTURF ot el o FLIR ORI OF o1
having a d%ﬂﬁﬁﬂ'qut@ﬂﬂ&l. %ﬁ& itcg%ixéﬁﬁ@,r e SOREEE/éiPhin Bf B‘?@f’ées' V&aﬁé&%ﬁigtlll_z is o

term nal coupled to node d an anal og output coup to no

of f set vol I : t ' t
oont ont & of i@ S BLA) PwRd VARPDRIviE iU idhePSAuceRRRto bR

be supplie HedresH | i
200. [ DoaaRisy 1024d urfied 5 HEMFMEPONRAGPROJED, (THdgaté of Phe fobSt idIStor

whi ch the ppsidrigtponds to RBEAY #&d isidiiplePfPedrREdl @At A TR WKEhas a control
terminals I+ and I'-, while the output™ AE Vref is Suppli'ed at node OUT. Node

QUT may al §i§g£&wﬁ%ﬁbﬁgwts%@ SEAEBE BTeARST cHAr6l Sbalbt HDEblebl ¢HwGAYhE 8?%1

used to present the AE Vref voltage at the output of -the sanple-and-hol
circuit. Bhogy 2008l TRSIRPEGUICE folldWetrhnsisiodnSAha9its Bete GRIPIERLISIHRI NS

of the first ‘and second row sel ect transistors 114a, 114b. "Node I'L is al so

coupl ed t Oﬂbﬂ% diffiiiort n380 C, onbiselirdefdraitecausiafka@asoaniegdiiRf thOrPKiselest a
transi stor 640 biased to flowtwice the current of a standard |load circuit

390. [ 0034{rafsigtor G BLa, aind &idgthért ddade/dirdigrcauplsiiotodal], tntinreieiestgigel -
operation of the <circuit 600 of Fig. 6A. Fig. 6B illustrates an anplifier 6

havi ng posptweeVARPDegattraesistonpll andvhod A2 eindraiit 603 Pitie gatand the Hasttrewy 7
for creating an offset voltage. If a
select transistor 114a is coupled to node X1 to receive control signal AE_ ROW, which is
a control signal that follows the state of the ROW control signal for the selected row in
the pixel array 201. Another source/drain of the first row select transistor 114a is

coupled, via node 12, 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
AFE_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-
eclipse conditions. This signal does not require calibration because the circuit 601
shares a similar design and is fabricated on the same integrated circuit as the pixels 100
of the imager 200, and thus shares the same semiconductor fabrication inducted
variances. Block 601 is not subject to eclipse distortion because its light sensitive

element 101 is shielded from incident light.



12 voltage corresponding to a nom nal reset signal level is presented to
I nput A+, the anplifier will output at node O a voltage AE vref which is
| oner than the nominal reset signal Mdvel by the magnitude of the offset
voltage created by the battery. [0035] Simlarly, in Fig. 6A, the anplifier
of block 603 is fornmed fromtransistor 610, 620, load circuit 390', and
certain portions of two nodified pixel circuits 601, 602. The portion of

bl ock 60Jogwr]ch Ba&s 60 is Vs praferdblya Rigdictdh @Htﬁdgﬁﬁé dileitou (ra, 1) eset

signal voltage level. The off'set voltage is generated by the offset voltage

gener at orused@n thdirAgkerSB assedaiedsvith tH@d'@aMO@.hEovﬁa‘tﬁ%Fe, BRck 02 indludes
vol tage | evel equal To the VAAPI X voltage |Ievel mnus the offset voltage

created hysecbRd Mf-chainal gblip@follont dsistrB30L3b[REHedond. N“chahhebidvakelect
processor based system 700. The system 700 is exenplary of a digital system

havi ng anrarisagontldbe Iteetran¥itioes 113eand 114dbnadeaduplatbiresaricdtrie ehdifisold@e angar t

of a conputer system canera, scanner, machine vision system vehicle or

personal daitisgatieqrnts b tieiBecond satit@ foHbRieh ea@sistdrl 18BREfRspBhde o RS B,
surveillance system auto focus system optical tracking system inmage

st abi | i zayhidetieysougte/draihi sithe dedopet 1o selyéttieansicior D13tenotsariptad badieng an
I mgi ng function. System 700, for exanple, a canera, generally conprises a

bus 720. deovid esiviselechirahsistor 204 icerrespaidctestnie OBUL Mlasg4iR0f Th secondawor v,
such as a RAM 704, a renovable nmenory 714, an I/O device 706, and an i nager

200 i ncl udlergtrthsiskirddb cofi@Gpofdd fvenquieex2nThe offeett valtagef genegeioe 630 isng t he
reference voltage for its anti-eclipse circuits 310 (Fig. 3). [0037) It
shoul d becappecbétateer ridues Toathd OETmd] amepts afortthl signetdN. dfhe offsehdeltage
met hod of manufacturing the circuit 600. For exanple, in one exenplary

enbodi nergeneratoréihiscpreferablyu digfital-torgnaloganivertet hpeinga digifal inputl acdegstinighe
steps of providing, over a portion of a substrate corresponding to a single
i nt egr at exdnitol ewdrtd INata negative mupput ekiniyal tdupled tormle@Udl, eadsani@®log col um
circuitry 220, and circuit 600. The pixels 100, colum
output coupled to node I-. The offset voltage generator 630 forces a voltage difference,
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]  The largest 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 circuit 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
source/drains of the first and second row select "cransistors 114a, 114b. Node IL is also
coupled to load circuit 390’, which in one exemplary embodiment comprises a transistor

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. If a



circuitry 220, and circuit 600 can be fabricated on a same integrated
circuit using known sem conductor fabrication techniques. [0038] The
present invention therefore takes advddtage of the |ikelihood that nodified
pi xel circuits |located on the sanme integrated circuit as the pixels of the
pi xel array and the colum circuitry of an inmager would have identical

sem conductor, fabrication induced process, varjances. ldeally,

non- i rragivﬁ’gtaﬁ? ﬁ@xresgor@agftp@dt%m sessheigpat ltevsfr 15 PTRYATUS ﬁ%gﬁeﬂ @Jaébe
generator. The reference vol tage geperat i S esi.gned t roduce a voltage
equal to 2 rr‘ﬁlrlf Qlpipatt gf F‘@é?%? # Hﬂ?ﬁ"é —(‘,TFﬁ"fan‘C?‘ég &W%ﬁ&%aﬁ%emmla@ﬁrqsaa
of a pixel of_ the, i er, despite differences in sych yoltage from i nager
to i magerst é@ﬁ?Byr{ﬁ%@MﬁJ@?Qfgs?%‘b(?qf%qr‘éﬁegﬁ)(yc%‘@éa D39] While the
i nvention has been described in detail in connection with the exenplary
enbodi nents, it should be understood that the invention is not limted to

the abovqoeBsjcl osadilerId o FipnéA, thisainglifierd dfblocky 608 isdormad fasmRdisistets 100

i ncorporate any nunber of variations, alternations, substitutions, or

equi val erg20glondieuRt¥98’, aat cebeiepoftird sfeser mbeifiedpixehbirelite6(, 602. The
commensurate with the spirit and scope of the invention. Accordingly, the

i nvent i orpdréion@f bldd 60ddvhichtdiresirot egetlag wits blocRic08 producel theirgsinabidset s
only limted by the scope of the appended clains. } 14 CLAIMS 1. An inmager

circuit ciymliveltage lewrl.aThapffoét wilkgleds ganerntaaliby thrgoffsst veliage genemtdr 630.
signals and i mage out put signals; an anti-eclipsing circuit for controlling

t he | evelBlotk 6@8 praodeset ashgdeOUR e AR Viefi vodtage ataﬁmitageéeweilalaghto the
reference voltage generation circuit for generating said reference voltage
in  respAAAPIX veligpealereMmiohs theofisdtaniinge hyeatedby ¢he bffsetcwoithgei gemsratbi ch
af f ect th6eO reset signal produced by said pixels.

30.

[0086]  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
" be a 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 tracking 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 I/O device 706, and an imager 200 including the circuit 600 of the present invention

for generating the reference voltage for its anti-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



2. The imager circuit of claiml1l, wherein said array of pixels, said anti-
eclipsing circuit, and said reference voltage generation circuit are |ocated
on a same integrated circuit. 3. ThelBmager circuit of claim1, wherein
said reference voltage generation circuit conprises: a pixel circuit for
produci ng a nom nal reset signal; and a voltage circuit, for producing said
reference voltage as at an offset froma voltage |evel of said nom nal

reset si g@iimagingpiselisiffer colimutircwitryc2; and cirgmis 6800 Thaipixels %0, coluroni t
conprise a light sensitive element which is shielded fromincident |jight.

5. The i meiewite 220,andsircaitfi0hcan berfabriated ainch game integrajed circwit msing known
conprise: a floating diffusion node; and a transfer transistor, coupled by
its sour ceemirgndugior fbrigation teghyiqueght sensitive el enent and said floating
di ffusion node, said transfer transistor having a gate coupled to a
potential source causing said transfer transistor to remain in a non-

conduct i Yot - The gmm friofl thekttbrefakes %%r?tagé Bf ARG hhf'g: @

| oad circuit, "coup to sard pixel circurt for recelving sald nomnal reset

signal ;  whsdied pIIiNAS RIALE] b the ARBMLAREd ittt g Mhe BielOSt He'pixe]

producing a mrr d signal i1dentical to said nomnal reset signal; "and an

of fset cl eidlylaridtheRondel diduidy 8f A i6BECROM hageidmRgl AlhRehdlelrage

| evel froma“voltage |level of said mrrored signal. The 1 mager

Circuit OfaKr@tEhEndWERT Bidtesal&ligides e Td &llys HirontimidIRp PLsTRS hiREfied %o
transi stor, having a first source/drain colpled to recéive said mrrored

signal , abe&sife ?ﬂrt%ﬂi Fé1éhaé DoRAEWEEEerhdrs Thd reRIEn& Vdltide getReatdr pAL ©
coupled to an offset
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

imager 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
any number of variationé, alternations, substitutions, or equivalent arrangements not
heretofore described, but which are commensurate with the spirit and scope of the
invention. Accordingly, the invention is not limited by the foregoing description or

drawings, but is only limited by the scope of the appended claims.



vol tage generator for creating an offset voltage between said first
soufce/drain and said gate. 8. The imager circuit of claim1, further
conprising: a sanple-and-hold circuitl4coupled to said reference vol tage
generation circuit, said sanple-and-hold circuit adapted to sanple and hold
said reference voltage. 9. An i mager, CLAIMSi sing: an array of pixels for
produci ng respective reset signals and i nage output signals; a colum
circuit, coupled to said array of pixels, for selecting a row of pixels from
said array forl. pro@eﬂsﬂggrdampbumaﬁﬁhg of anti-eclipsing circuit for
controlling the |evel eset s received fromth ted row
of i xel s and Y 1 Riels TPLpaEe pPRRg 2esd) SRRl AN O30 RS S ot 1 on
circuit for g@n@hatectmnsgambuﬁedr&roanclmwg/mbtla@eoi Jaid resepsigrsas bied afiligimglas whi ch
are affected fabrication conditions which affect the reset signal
produced by sé%ﬂ“ﬁ??gp 19€10. The inmmger of claim9, wherein said array of

pi xel s, said @rrtefer@welv@ﬁagwger@rétmdircuuafwgéﬁérdmgeéad ﬁeﬁ@t@n&z’@bél%@ ugeneratl on
circuit are |located on a sane i nt@grat circujt claim

9, wherein sai"eFRCaFRIATIBRAIY WhicA G &by Ghricatier &Pf’d't"éﬂﬁfﬁ?‘% ége"t g‘epl xel

circuit for proghigighsl [#otﬂlf&é‘d'b@'safoeﬁ@élss' gnal; and a voltage circuit, for
producing said reference voltage as at an offset froma voltage IeveI of

said nom nal reset signal. 12. The inager of claim 11, wherein said pixel

circuit conprise aﬂhb%%gersc@reéh&&e{%ﬁé%%m\s&g%&ag% BRER) Sfidlaff.om | nci dent

light. 13. The inmager of claim 12, rein sail circuit further
conprise: a feclrsinggircditfandsiaishrefrieiece ottdge generation circuit are located on a

- same integrated circuit.

3. The imager circuit of claim 1, wherein said reference voltage generation
circuit comprises:

a pixel circuit for producing a nominal reset signal; and

a voltage circuit, for producing said reference voltage as at an offset from a

voltage level of said nominal reset signal.

4. The imager circuit of claim 3, wherein said pixel circuit comprise a light

sensitive element which is shielded from incident light.

5. The imager circuit of claim 4, wherein said pixel circuit further comprise:
a floating diffusion node; and

a transfer transistor, coupled by its source and drain between said 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 3, further comprising:
a load circuit, coupled to said pixel circuit for receiving said nominal reset signal;
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 voltage

level from a voltage level of said mirrored signal.



a transfer transistor, coupled by its source and drain between said |ight
sgnsitive elenent and said floating diffusion node, said transfer
transistor having a gate coupled to d5potential source causing said
transfer transistor to remain in a non- conducting state. 14. The i mager of
claim11l, further conprising: a load circuit, coupled to said pixel circuit
for receivi n said nom nal reset signal wherein said voltage circuit
conpri ses: a’cur r Bit IMAgEF eFcutal cbmguwh@rgmasam pffsst elpcudti furagr coaerssscal to

sai d noni nal a traR§ibr, %qﬂgla fw@c%@uﬁ:@/d?énﬁ%@&plé& focﬂébélvé eéldrhmﬂe#é@'s%aw d
reference vol tage as an of fset vol ngl <F!rpeve froma voltage l'evel of said
ap

mrror ed si g¥RAeNd sgurceideain feidpied tors ireylit, apba opie @&‘P@de AR effs&li r cui t
further Wdlt%?é gefh J'afo"f”f‘bgr'c?éé?ﬁwg A %é Bét}vgér‘?gélﬁ‘?/réirsahrgefa?éhﬁ" ed to

receive said m si gnal secon rce/drain coupled to said | oad
circuit, andardspd gateoupl ed to an offset voltage generator for creating an
of fset voltage between said first source/drain and said gate. 16. The

i mger of claim9, further conprising: a sanple-and-hold circuit, coupled to
sai d referende von@?gmggeniemﬂttdfomimnrfuuh(ar cong@isthgsanpl e- and-hol d circuit

adapted to s rence | ta 17, A g system
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i mager conpr sad thplamrﬁlmcﬂd/cmfmtmdnpﬂeﬂ té eamplemﬂdﬂolmsmcemehcemolﬂagset signal s
and i mage output signals; a colum circuit, coupled to said array of

pi xel s, for selecting a row of pixels fromsaid array for processing; a

plurality ofganti Aeghagesi dgngtisirgtlit for controlling the | evel of said reset
an array of 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 circuit for controlling the level of said reset signals
received from the selected row of pixels and utilizing a reference voltage;
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 pixels.

10.  The imager of claim 9, wherein said array of pixels, said anti-eclipsing
circuit, and said reference voltage generation circuit are located on a same

integrated circuit.

11.  The imager of claim 9, wherein said reference voltage generation circuit
comprises:

a pixel circuit for producing a nominal reset signal; and

a voltage circuit, for producing said reference voltage as at an offset from a
voltage level of said nominal reset signal.

12. The imager of claim 11, wherein said pixel circuit comprise a light

sensitive element which is shielded from incident light.

13. The imager of claim 12, wherein said pixel circuit further comprise:

a floating diffusion node; and



: |
signals received fromthe selected row of pixels and utilizing a reference
voltage; a reference voltage generation circuit for generating said
reference voltage in response to sigfl& s which are affected by fabrication
conditions which affect the reset signal produced by said pixels. 17 18.

Thle_ i magi ng saﬁ-faaﬁepﬁrarwia@ngbdﬂp%led\byemﬂdurﬁs@érw drameet@éerpsaie light sféﬁk%im/eanlt i - 4
ec IpSIng C|rCU|t, an S rererence VOta.e neratlon C|_rCU|t ar e ocate
N L e T R L

sai d ref er enceoupid t8GEpot SIRHEERIrE® BaWsiCaid tramsidttisheftor do RIvRh it Aeati t for
produci ng a nom hal reset signal; and a voltage circuit, ,for producing said

ref erence vol PAYNCHRY $fptean of fset froma voltage |evel of said nom nal
reset signal. 20. The imagi ng systemof claim 19, wherein said pixel circuit
conprise a light sensitive elenment which is shielded fromincident |ight.
21. The i magi %@ sySheimager of elpim 2b fuhes cemrrigia®:d pi xel circuit further

compri se: 2! ke diguficolsh A Ufiel al forEARNTAF Ll DOATISF KRk sigautp! ed b

its source an ai n Between sal sensitive elenent an
'floating difWwheleinrsaiddeltagesirguit eamrises: t r ansi stor having a gate coupled to

a potential source NG Sai SE el [ .o 0.3, non-
conducting state. 352'9”%29'{@?5?Rg‘fﬁgﬁégn?'g@%ﬁ%@#nﬂ’&mﬁ? eu?‘né@w%lri sing: a
| oad circuit, couptesétsionalaardi pi xel circuit for receiving said nom nal reset

or aduci g am 1 or BaCEHgRAiGE ko BRREERARS KB 4% ol [agk "

level from a voltage level of said mirrored signal.

15. The imager of claim 14, wherein said offset circuit further comprises:

a 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.

16. The imager of claim 9, 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.

17. An imaging system, comprising:

a processor; and

an imager, coupled to said processor, said imager comprising:
an array of 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 circuit for controlling the level of said reset
signals received from the selected row of pixels and utilizing a reference
voltage;
a reference voltage generation circuit for generating said reference
voltage in response to signhals which are affected by fabrication conditions

which affect the reset signal produced by said pixels.



reset signal; and an offiset circuit for producing said reference voltage as
an offset voltage level froma voltage level of said mrrored signal. 23.
The i magi ng system of claim 22, whereild said offset circuit further
conprises: a transistor, having a first source/drain coupled to receive said

mrrored signgs, aThspeaYMh SRS ef s 17, wHerdig daitiAnadiof pikedsid bl t, and a
gate coupled to an offset volta enerator for creating an offset voltage

: I TS € g . creat.
bet ween sai d ?‘F"P§’Dg§6Eﬁ"b@ﬂ@Pa'idﬁef%éﬁmeéfa‘tiﬂegﬂﬁ”@!’at@ﬂ.C'erarﬁﬂ%@t%o%?st em of
claim17, furgdiRes irfidyrRieleicB@. } 18 a sanple-and-hold circuit, coupled to
said reference voltage generation circuit, said sanple-and-hold circuit
adapted to sanple and hold said reference voltage. 25. A nmethod for form ng

an | Mging Ci Ui { Thé RiYiAc /A B AXiF) NGuRraR ShAERNG e RS T At e

form ng, over said sem conduct strate, an array of pixels for producing
respective regenergliagreicyit gerapiisesge out put signals; forming, over said

sem conduct Oraﬁﬁﬁéifcﬁﬁ?orﬁé‘d%% ﬁdnBPﬂeQ& S?dr’{e&‘ﬁ%a for controlling the

| evel of said reset SiIgne IzIng a erence voltage; formng, over
sai d sem condavbitagesaironit,fat prodacing$aid erierenvelaltage agexhan affsetrirontarcuit for

generating sa@ﬁg@rg%ﬁe}egﬁ%i ﬁ!)%ﬁggr]ei?écsﬁgg%ﬁonse to signals which are affected

by fabricatio e reset signal produced by said
pi xel s; and formng an integrated circuit using said sem conductor

oSt o0t SR ARV RBLE )t ST B R S18 oL o

vol tage sensitive element which is shielded from incident light.

21. The imaging system of claim 20, wherein said pixel circuit further
comprise:

a floating diffusion node; and

a transfer transistor, coupled by its source and drain between said light sensitive
element and said floating diffusion node, said transfer transistor having a gate
coupledto a pote}\tial source causing said transfer transistor to remain in a non-

conducting state. .

22.  The imaging system of claim 19, further comprising:
a load circuit, coupled to said pixel circuit for receiving said nominal reset signal;
wherein said voltége circuit comprises:
a current mirror for producing a mirrored signal identical to said nominal
reset signél; and
an offset circuit for producing said reference voltage as an offset voltage
level from a voltage level of said mirrored signal.

23.  The imaging system of claim 22, wherein said offset circuit further
comprises:

a 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.

24.  The imaging system of claim 17, further comprising:



generator for generating a reference voltage and conprising: a load circuit,
for.controllably flowng a current to a ground potential; a first circuit,
said first circuit conprising a first 18ode and a second node, said first
circuit for generating a signal equal to a nom nal reset signal |evel of
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formrng, over said semiconductor substrate, 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
pixels; and

forming an integrated circuit using said semiconductor substrate.

26. A reference voltage generator formed in an integrated circuit also
including pixel and column circuitry of an imager, said reference voltage
generator for generating a reference voltage and comprising:

a load circuit, for controllably flowing a current to a ground potential;

a first circuit, said first circuit comprising a first node and a second node, said first
circuit for generating a signal equal to a nominal reset signal level of pixels of
said imager, and for flowing said signal as a first current between said first node
and said load circuit via said second node;

a second circuit, comprising a third node, an output node for outputting said
reference voltage, said second node, a second circuit source follower transistor
having a first source/drain coupled to said third node and a second source/drain
coupled to said fourth node, and an offset voltage generator for generating a
voltage difference between said third node and a gate of said second circuit
source follower transistor, said second circuit for flowing a second current from
said third node to said load circuit via said second node; and

a third circuit, comprising a current mirror coupled to a power source and for
flowing an identical current from said power source respectively into said first and

third nodes.

27.  The reference voltage generator of claim 26, further comprising:
a sample and hold circuit, for sampling said reference voltage generated at said

output node.



