WO 2006/ 138533 PCT/ US2006/ 023437 PI XEL | NDI VI DUAL ANTI - ECLI PSE Cl RCU T AND
| TS OPERATI O\I MANNER FI ELD OF | NVENTI ON [ 0001] The present invention rel ates

general ly pductor imagers.  Mre specifically, ther9§Re0m5437
i nvention re at es o an anti-eclipse circuit for imagers. BACKGROUND OF THE

| NVENTI ON [ 0002] A CMOS inmger circuit includes a focal plane array of pixel
cells, each one of the cells including a photosensor, for exanple, a

photogat hotoconductor or a photodio ﬂb L at ed
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storage region, fornmed on or in the substrate, which is connected to the
gate of an output transistor that i adout circuit. The charge
storage region may be cpnstructggﬂéﬁcﬁghﬁgggﬂﬁgﬁgiffusion region. In sone
i mager circuits, each pixel may include at |east one el ectronic device such

as a transistor transferri n char fromthe phot osensor to t-he storage
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performthe functions of: (1) photon to charge conversion; (2) accunul ation
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readout; and (6) output and anplification of a signal representi ng t he
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PCTI US2096/ &%&%ﬁzode for accumulatmg photo-generated charge in a specified portion of a
substrate, Each pixel cell has a charge storage region, formed on or in the substrate,
which is connected to the gate of an output transistor that is part of a readout circuit.
The charge storage region may be constructed as a floating diffusion region. In some
imager circuits, each pixel may include at least one electronic device such as a transistor
for transferring charge from the photosensor to the storage region and one device, also
typically a transistor, for resetting the storage region to a predetermined charge level

prior to charge transference.

[0003] Ina CMOS imager, the active elements of a pixel cell perform the
functions of: (1) photon to charge conversion; (2) accumulation of image charge; (3)
resetting the storage region to a known state; (4) transfer of charge to the storage region;
(5) selection of a pixel for readout; and (6) output and amplification of a signal
representing the charge at the storage region. Photo-charge may be amplified when it
moves from the initial charge accumulation region to the storage region. The charge at
the storage region is typically converted to a pixel output voltage by a source follower

output transistor.



[0004] CMOS inmagers of the type discussed above are generally known as
di scussed, for exanple, in U S. Patent no. 6,140,630, U S. Patent no.

6, 376, 868,w§2§?ﬁl3g§§ent no. 6,310,366, U S. Patent no. 6,p3fahut02343P
Pat ent no and U.S. Patent no. 6,333,205, assigned to Mcron

Technol ogy, Inc., which are hereby incorporated by reference in their
entirety. [0005] PIG 1 is an illustration of a conventional four transistor

(4T) pixel 100 _and_an_associ ated I ad cirguit (shown as current
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TX control signal for controlling the conductivity of the transfer transistor 111, a RS

control signal for controlling the conductivity of the reset transistor 112, and a SEL
control signal for controlling the conductivity of the row select transistor 114. The
charge at the floating diffusion region C controls the conductivity of the first source
follower transistor 113. The output of the source follow transistor 113 is presented to
the load circuit 120 through the row select transistor 114, which outputs a pixel signal at

node B, when the row select transistor 114 is conducting (i.e., when SEL is asserted).

[0006] The states of the transfer and reset transistors 111, 112 determine
whether the floating diffusion region C is coupled to the light sensitive element 101 for
receiving photo generated charge generated by the light sensitive element 101 during a
charge integration period, or a source of pixel power Vaapix from node A during a

reset period.

[0007] The pixel 100 is operated as follows. The SEL control signal is
asserted to cause the row select transistor 114 to conduct. At the same time, the RS

control signal is asserted while the TX control signal is not asserted. This couples the



WD 20061138533 PCT/ US20061023437 fl oating diffusion region Cto the pixel
power Vaapi x at node A, and resets the voltage at node Cto the an initial
vol tage. The pixel 100 outputs a reset signal VRST to t izpspui t 120.
Node B i s WQU9FAHPSELt ween the row sel ect transistor 114h§%3@?%£aﬁ%gﬁ circuit
120 and serves as an input to a sanple and hold circuit (not shown )t hat
sanples and holds the pixel reset voltage VRST. [0008] After the reset
signal VRST has been output, the RS control signal is deasserted. The |ight
sensi t i fleating diffasion regian Gt thedpiyekpavenV papix @é nede idyndaiegets be yakings es
charge on the level of the incident light during a charge in

peri od. at ppde tokke apdnijial valtage alhepixst 1Geu 2 eses sigpal Viﬁ%%{%&hg ??ffdal

VRST, the TX contraol _ signal asserted. Thjs couples the floating kK |
di f f usi &CWiEE2&nNeded xsrr@unaﬂ%ée@@%i £ y@Ww sgieéh%ﬁamﬁt?r.ﬂ eh%ﬂ@f@tﬁiﬁ ough

the transfer transistor, 111 and di m ni shes, the, voltage at the floating
di f f usi &R0 pRGEBFYEEas pRANBPLER @ &mpgﬂrﬁﬁgldaﬂm& (&0§ ﬁﬁmﬁt&gt@awle% [ oad

circuit_ 1 i ¢ch appears at _no B and is sanpled by the sanple and hol d
ci rcui theﬁ&tﬁgM)r.esetW@ﬁagg t"And photo signals VRST, VSIG are different
components of the overall pixel output (i.e., Voutput = VRST - VSIG.
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voltage at the floating diffusion region C. The pixel 100 outputs a photo signal VSIG to

the load circuit 120 which appears at node B and is sampled by the sample and hold
circuit (not shown). The reset and photo signals VRST, VSIG are different components
of the overall pixel output (i.e., Voutput = VRST - VSIG).

[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.
Eclipsing can occur when a pixel is exposed to bright light, as the light sensitive
element 101 can produce a large quantity of photogenerated charge. While the pixel
100 is outputting the reset signal VRST, a portion of the photogenerated charge
produced by the light sensitive element 101 during an ongoing integration period may
spill over the transfer transistor 111 into the floating diffusion node C. This diminishes
the reset voltage at the floating diffusion node and can causes the pixel 100 to ou;cput an
incorrect (i.e., diminished voltage) reset signal VRST. This, in turn, can cause the reset

and photo signals VRST, VSIG to be nearly the same voltage. For example, the photo
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and photo signals VRST, VSIGto be nearly the sane voltage. For exanple, the
photo 3 WD 20061138533 PCT/ U52006/ 023437 and reset signals VRST, VSIG nay

each be apw(p%bmgy 0 volts. The pixel output (VRST - p&Eh@q2060¢34€erefore
beconme approximately O volts, which corresponds to an output voltage

normal |y associated with a dark pixel. [0010] An anti-eclipse circuit can be
used to mnimze the effect of eclipsing. For exanple, since during an
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an illustration of the pixel 100, its load circuit 120, and a conventi onal

anti - eclipse of gl 230 ohAle RS BR0LPE henaheKEHRRGHERRE BB IS

probl em The an 17C conprises a second source toll ower

out put - §ehpfg, FEENRRRRG, Bl Eing ) BB RS CRbL A RRaR BT arT
out put a8 Qéﬁée\}olt]ssjg% %ﬁﬁg&ﬁp;s@ BHEui?[:aﬁ H‘E}ﬂf?ﬁ%@ IVE)&Hgé lev%?gf {Hle-Bset L0 node

B). The Second source ower *transi stor as one source/drain coupl ed

to the pél&é‘x‘?irla %{ngﬁggl&#@o eBélBW a &%51?&?2}{(1?&%8% @{e@rﬂﬁécl?é%@l% ititcgnt he

swi t chi ng®t e cond source o) ransi st'or
bi d wi E . . L : :
Cranei stssint shatthe dcfBEig may $8eir (of oGS dtd erPlork A bk dtayel
' I ] ' ' T F | t
Cever  SEEPrisee bRAd b pRRRy AEeNBL i  Eottectiiiitage BartbY T 01 20¢

degr adesWihli gl:ﬁere@%éeéff al VRST is being output, the second source
fol | oner trangiin tor 2 conducts and pulls the voltage at node B up to VREF

m nus the
[0011] FIG. 2 is an illustration of the pixel 100, its load circuit 120, and a

conventional anti-eclipse circuit 230 for overcoming the above-described eclipse
problem. The anti-eclipse circuit 230 comprises a second source follower transistor 231
coupled in series with a switching transistor 232. The output o\f the switching transistor
232 is coupled in parallel with the output of the pixel 100 to the input of the load circuit
120 (i.e., to node B). The second source follower transistor 231 has one source/drain
coupled to the pixel power Vaapix and another source/drain terminal coupled to the
switching transistor 232. The second source follower transistor 231 is biased with a
VREF control signal. The conductivity of the switching transistor 232 is controlled by a
SHR (sample and hold reset) control signal which is used to sample and hold the VRST
signal. The VREF voltage level is set so that if the voltage on the floating diffusion
region C degrades while the reset signal VRST is being output, the second source
follower transistor 231 conducts and pulls the voltage at node B up to VREF minus the
threshold voltage of the second source follower transistor 231. One limitation of the
anﬁ;eclipse circuit 230 is to have a sufficient margin against possible variations of

VRST. VRST is affected by threshold voltage variations of both reset transistor 112 and
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threshol d voltage of the second source follower transistor 231. One
limtation of the anti -eclipse circuit 230 is to have a sufficient margin

agai nst p i iations of VRST. VRST is affected b ol t age
g bty

vari ations eset transistor 112 and 4 WO 2006/ 13
PCT/ US2006/ 023437 source follower transistor 113. In addition, tenperature
change, voltage change of VAA and a high level of the RS control pulse
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vol tage on the pixel output |ine above a predeterm ned m ni num vol tage.
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and features of the inventio econe nore apparent fromt ed
descri ptd@QitShr £ ary enbodi ments provided belowwith reference to the
acconpanyi ng drawmmngs in which: [0015] FIG 1 illustrates a conventional

pi xel and an associated load circuit;

BRIEF SUMMARY OF THE INVENTION

[0013] Exemplary embodiments of the invention provide an anti-eclipse
circuit, and method of forming the same, comprising a pixel coupled to a pixel output
line and a circuit for receiving and storing a pixel reset voltage from the pixel on the
pixel output line and for using the stored pixel reset voltage as a parameter to control a
reset voltage level on the output line in a manner which maintains the pixel reset

voltage on the pixel output line above a predetermined minimum voltage.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The foregoing and other advantages and features of the invention
will become more apparent from the detailed description of exemplary embodiments

provided below with reference to the accompanying drawings in which:
[0015] FIG. 1 illustrates a conventional pixel and an associated load circuit;

[0016] FIG. 2 illustrates a conventional pixel, a conventional load circuit,

and conventional anti-eclipse circuit;



[0016] FIG 2 illustrates a conventional pixel, a conventional load circuit,
and conventional anti-eclipse circuit; 5 W 2006/ 138533 PCT/ US2006/ 023437

[0017] FIGS, and 3Cillustrate a pixel, a |oad ci | n anti
eclipse c$9&%®/gggy§truct ed in accordance with three exergp%%/zo%%gﬁ?rrents
of the invention; [0018] PIGs. 4A, 4B, and 4C are tim ng di agrans show ng
the signal timng and waveform of the exenplary enbodi nents of the

i nvention associated with the FIGs. 3A, 3B, and 3C enbodinents; [0019] FIG
5 is a block di§@013in FGarBANSEend 3@dlustiateya pixedra loadadirquite andiancgitt- i n
accordance with the invention; and [0023}1 FIG 6 illustrates a processing
syst em ietips@ciratit cansthectedin aewrdgace with threetexemplary embediments obewral LED
DESCRI PTI ON OF THE | NVENTI ON [ 0021] In the follow ng detail ed description,

r ef er endavestiomgde to the acconpanying draw ngs, which forma part hereof
and show by way of illustration specific enbodinents in which the invention
may be practiced. These enbodinments are described in sufficient detail to
enabl e those skil00Kd iFIGshéAadB, arel 4¢ ate tiwdng diagrameshordng thesignal iming pe
understood that other enbodinents may be utilized, and that structural,

| ogi cal ,arahwawefernr ofche expovplery embOé@nem@I@f the inyention gasadiatgd mrihihene
spirit and scope of the present invention. The progression of processing
steps d8Ssr 3HeBiands}erpibdimentsinbodi nents of the invention; however, the
sequence of steps is not limted to that set forth herein and may be
changed as is known_in the art, wth the exception of steps necessarily
occurring in a d8919i Fl6r &ds a blododipgrara of apimeagesdncluding ﬁ%é&tll’féflﬁﬁ%,

refers to a _photo-elenent unit cell,
circuit in accordance with the invention; and

[0020] FIG. 6 illustrates a processing system incorporating the anti-eclipse

circuit of the invention.
- DETAILED DESCRIPTION OF THE INVENTION

[0021] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof and show by way of illustration
specific embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be utilized, and that
structural, logical, and electrical changes may be made without departing from the
spirit and scope of the present invention. The progression of processing steps
described is exemplary of embodiments of the invention; however, the sequence of
steps is not limited to that set forth herein and may be changed as is known in the art,

with the exception of steps necessarily occurring in a certain order.

[0022] The term “pixel,” as used herein, refers to a photo-element unit cell
containing a photosensor and associated transistors for converting photons to an

electrical signal. For purposes of illustration, a small number of representative pixels
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cont ai ning a photosensor and associ ated transistors for converting photons

to an electrical signal. For purposes of illustration, a small nunber of
repr esent %b‘ﬁﬁ’o pli 55%[,3 6 WO 2006/ 138533 PCT/ US2006/ 023437 peifyshddstesissat ed in
the figures ancf 8escri ption herein; however, typically fabrication of a

| arge plurality of like pixels proceeds sinultaneously. Accordingly, the
followng detailed descriptionis not to be taken in a limting sense, and
the scope of the present invention is defined only by the appended cl ai ns.
[0023] | aredldstrated indhe figugts aridedesevigiondrereis; Heweven dyplsellp fahwication of a
reference to a CMOS i mager, the invention has applicability to any solid

st at e i nkggeplurdbty ofdikenpixaly proseestsajmulieneowdly c Accerdingly, thatpliovenghas
charges transferred to it. The followi ng detailed description is,

t her ef or detailed descriptioralsarmtitn be thken in aljmddng sensenand Kbe seamspef the present
present invention is defined only by the appended clains. [0024] Now

r ef er ri nipventiphds fefued onlybethe appendedrlainiss designate |ike elenents, FIG
3A shows a first enbodi nent of the invention, which includes pixel «circuit
100, a dip circuit 300, and a global multiplex circuit 350. Pixel circuit
100 is the sanel0823k hin addision; adhiough theinzention isgessribedbelowayith circuit
300 includes a dip transistor 310, a danp switch 320, a nenory capacitor
330, andrefstenceto a&AOvdmmager, theiinpentionhas applicability dp ﬁnxwlldw}éatad@ggmg i rst
control switch. 351, a second control switch 352, and a third contyo]

swi t ch 38evicehaping & steragesneds whidnisaesetanddhpn kap chaxgestranstrsrest to iy The
transistor 310 is connected at its drain to Vaapix (node A), and at |ts
sour ce i follavping degailes @W@nﬂﬂ%‘tlsrt%ﬁfﬁfﬁ& ngt tm%%@wm@mmw&wss: the a

colum line of an imager. The gate of djp transisto 0,is coupled to
VSLI CE_| &e0pe % e PEsSeTRInsaEoRdS den ﬁalywtleﬁamp%ﬁ@iéla@@ is also
connected to node D. Menory capacitor 330 is coupled at one termnal to

d . Th h | pal ' ' ed
VaLi e bus. ado. - 0BBL NRY edtgrane B theifiisac e e ke Rupetat Aepenate 1€

elements, FIG. 3A shows a first embodiment of the invention, which includes pixel

circuit 100, a clip circuit 300, and a global multiplex circuit 350. Pixel circuit 100 is the
same as that described in connection with FIG. 1. Clip circuit 300 includes a clip
transistor 310, a clamp switch 320, a memory capacitor 330, and VSLICE_local node D.
Global multiplex circuit 350 includes a first control switch 351, a second control switch
352, and a third control switch 353. Clip circuit 300 is connected to pixel 100 at node B.
Clip transistor 310 is connected at its drain to Vaapix (node A), and at its source is
coupled to the first terminal of clamp switch 320 and thus to a column line of an
imager. The gate of clip transistor 310 is coupled to VSLICE_local node D. The second
terminal of clamp switch 320 is also connected to node D. Memory capacitor 330 is
coupled at one terminal to node D. The other terminal of memory capacitor 330 is
connected a common VSLICE bus 340. Global multiplex circuit 350 drives the VSLICE
bus 340 through the three control switches 351, 352, and 353. The three switches enable
voltage output of signals VCL, VSLICE_R and VSLICE_S, respectively, where
VSLICE_R>VCL>VSLICE_S. Load circuit 120 is represented as a load transistor 325 and

signal VLN connected at the gate of load transistor 325.
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bus 340 through the three control sw tches 351, 352, and 353. The three
switches enable voltage output of signals VCL, VSLICE R and VSLI CE_S,

respecti Veld \éyﬁg{s% VSLI CE_R>VCL>VSLI CE_S. Load ci rcui tpdegsissoBps7esent ed
as a | oad% 5% o r 325 and signal VLN connected at the gate of |oad

transi stor 325. 7 WD 2006/ 138533 PCT/ US2006/ 023437 [00251 FI G 4A descri bes
anexenpl ary operation of the enbodinent illustrated in FIG 3A and al so
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prevents the eclipse artifact. [0030] The dip voltage for node B of Vpixout
's then, (0026] VRST =Vpix(rst) ~Vy_ynp

[0027] Clamp switch 320 and switch 351 also close at time t1 when CL is
pulsed. VRST is input at Vslice_local node D in the clip circuit 300. At time t2, CL is
deasserted and clamp switch 320 turns off, and switch 352 closes when SLICE_R is

asserted high, so that the Vslice_local voltage at node D changes to,

[0oz2s] VSLICE _local(rst)=VRST +(VSLICE _R-VCL)

[0029] where memory capacitor 330 is much larger than parasitic
capacitance at node D of Vslice_local so that AVSLICE~AVSLICE_local.
VSLICE _local(rst) is equivalent to VSLICE_R in the clip circuit and determines

minimum level of Vpixout for reset duration and prevents the eclipse artifact.
[0030] The clip voltage for node B of Vpixout is then,

[oo3y] Velip(rst)=VRST + (VSLICE _R~VCL)-V; ys

[0032] where Vst is the threshold voltage of clip transistor 310.



[0031] Vclip(rst) = VRST + (VSLICE _ R - VCL) - VI-nsa [0032] where VIMSL is
the threshol d vol tage of clip transistor 310. 8 WD 2006/ 138533

PCT/ US2006/ 023 7 %9033] Fol | owi ng VRST sanpling to an elcqiiBhosHEIRY Y (not
shown) whel0 2 deasserted at tine t3, SLICER s deasserteé SO t hat
switch 352 opens and SLICES is asserted so that switch 353 doses at tine
t4. Then VSLI CE | ocal and d| p voltages change to, [0034] VSLICE _

| acal (sig) = VR

- VCL)., [0035
vel i p(si g) VRSTfQ(’?él SWVGK) Béﬂ'g’hlré)%mlfﬂﬁnﬁlr@ewrﬂ‘?@h%@w%@ and
t f t 11t d phot d,.ch | at ed at
phot odi SR éqssgé’r%eém»‘éitﬁnsrm%pw@aé’aeﬁw S04t WitERaDT PBSHS FF i 11 usi on
de C, t hen V| | | t h
[ anst e HI B IbiRHed SR e sk i Tishol SLIG oA s Banan
sanple and hold signal SHS is asserted during tine t5 and tinme t6. The

vol t age VOUBBREERANEFP: phot osensor 101 can be obtai ned by subtracting VSI G
fromVRST. On the other hand, the clip voltage Vclip(sig) limts the

m ni mum Vpi xout in or v0| bi when the pixel is in
saturation. O i 0684t g?eﬁs’&ﬁp}%é ‘oﬁ@fﬁggﬁ@}{;@l—t aggkfé ST that includes all
VT variations of threshold voltages of reset transistor 112 and source
follower transistor 113, VT-MRS and VI-MRD of a pixel. Therefore,

variations of thess tW@QM#VES’TéﬁKSﬂC@i@nd{ Safopgmt the necessary margin
for setting clip vgl tages and results in w der dynanic' range. In addition,
change over tine of VRST due to tenperature drift and/or power supply
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101 to the floating diffusion node C, dropping Vpix then Vpixout as well. The Vpixout
after the charge tr;ansfer is VSIG and sampled at another external memory (not shown)
when sample and hold signal SHS is asserted during time t5 and time t6. The voltage
collected by photosensor 101 can be obtained by subtracting VSIG from VRST. On the
other hand, the clip voltage Vclip(sig) limits the minimum Vpixout in order to avoid
bias current cut-off when the pixel is in saturation. Clip voltages are based on reset
voltage VRST that includes all VT variations of threshold voltages of reset transistor 112
and source follower transistor 113, VI-MRS and VT-MRD of a pixel. Therefore,
variations of these threshold voltages no longer affect the necessary margin for setting
clip voltages and results in wider dynamic range. In addition, change over time of

VRST due to temperature drift and/or power supply change can also be ignored, so it

accomplishes adjustment without such changes.

[0037] FIG. 3B illustrates a second embodiment of the invention. In
comparison with FIG. 3A, a Vaapix enable transistor 360 is additionally implemented in
clip circuit 300". Vaapix enable switch 360 may be very small, as it is used to charge
memory capacitor 330. Also, the location of clamp switch 320 is changed to the drain

side of the clip transistor 310.



clip circuit 300'. Vaapix enable switch 360 may be very snmall, as it is used
to charge nenory capacitor 330. Also, the location of danp swtch 320 is

changed toyédg@ﬂ‘g[]ﬁ%{}oosi de of the clip transistor 310. 9 M/ﬁ%%/&?ﬁsg’

PCT/ US2006 381 FIG 4B describes the an exenplary operation of
t he enbodinent illustrated in FIG 3B and shows the resulting VRST signal
during circuit operation. At tinme to, row select signal SEL is applied to

and Char gi ng si QR SEICEARebiberdha n ESeM A APaTR I of L GPhPEIRERY 51 gnal
{ransi Silbistyeddn FIs; 48 eRdatonts e Resulang VI, Ui SRERarretf BelrmCRAR | <
e bot i o AP REvinpPRied B heceoBerteabere el 1 sgeded””
Vot xout RSB By fegor et o hare RE R Rty ouh RF dEnser@ia el
Voi xout SN SBGEA ol RO 4 el iR IR Vel EOuER YabR or s10
VoL af b ftantpE 60 SRS P B 4T R BB SLIGESE AR o pons
1 i VT Tk S i BB, 000
From st ghsorpeEr oyt Y e, Pl ptehV ThnetfrstF st MBS dRegg 000
Vel 1 p(r distifiey B SR Gt e GriEVpol R0t d velings degrenpes
 US LZVR%EH&%Qrg’ Me&Basddf the Vslice_local voltage and reaches VRST, the clip circuit 300

becomes inactive. When Vpixout will be clipped at VRST, the channel current of clip

transistor 310 is effectively cut-off and the voltage at Vslice_local is set at VRST+VT-

MSL. After the Vslice_local is sufficiently stable, clamp switch 320 opens at time {2 and

the VRST+VT-MSL is stored at the Vslice_local node D.

[0039] Following VRST sampling period, charging signal SLICE_EN_BAR
turns off at time t2a to enable the clip circuit after VSLICE'bus 340 voltage is changed
from signal VCL to signal VSLICE_R at time t2. The clip level for the Vpixout node for
the VRST sampling period is then,

[0040]

Velip(rst) = Vslice _local(rst) ~Vr g
=VRST +Vy_jyy, —(VCL=VSLICE _R)-V; )5 =VRST ~(VCL—-VSLICE _R)

[0041] and the VI_MSL no longer contributes the clip level. Also for the
VSIG sampling period, clip level Vclip(sig) can be expressed as the following equation
and there is no contribution from VT_MSL as well during the VRST sampling period.

10



[ 00411 and the VT_MSL no | onger contributes the dip level. Also for the

VSI G sanpling period, dip |level Vclip(sig) can be expressed as the foll ow ng
equat i on \9690(%;1%5? is no contribution fromVT_MSL as webprAidbdog@2dsbe VRST
sanpl i ng period. ?) WD 2006/ 138533 PCT/ US2006/ 023437 [0042] Vclip(sig)
Vslice_ local (sig) -Vr ,usL = VRST +VT_MSL - (VCL - VSLICE _ S) - VI_ML
VRST - (VCL - MCE - 8) [0043] Accordingly, using a pul sed power supply
met hod as expl at(ﬁgg above, the variation of the VI MSL can be cancell ed,
whi ch i nproves Lerfor mance of the dip circuit. [0044] FIG 3C shows a
third enbodi nen e JAavent Snpconparison wth the configuration of
t he enbodi nent ?ﬁ@’%&%@ﬁ’?’?’g—?ﬁwﬂ’g@c@% ent switch 370 is introduced

bet ween clip trafR$t-o¥, 3L0- QL VPSEKIE _Hpd€, B n VRSTPp- @AGLcuVSLIBB0"S) Second
switch 370 is kept open When the drain voltage of clip transistor 310 is
driven to Vaapi x, so that no DC current flows during the charge up period of
nmenory capaci t o[gp43p0 A&Qﬂﬂﬁgg’,:h@né‘léépdﬁéé iHoRes SupPlPeNeaRE axpladRRel ati on
of the enbodinment 1llustrat in Fl 3C. "The operdtion is the sane as that
descri badobé the Garidfon W the T _MSIdidn 8 édnceiled alvhidhl i rohes tHaperésitdres DC
current switch 370. SLICE EN27is asserted at tinme tl'a at the sane tine

SLI CE- Eufﬁ,@%liﬁdmgrted, and SLICE_EN2 is deasserted at tine t7 when

SLI CE_EN BAR i'n reasserted. This causes the voltage at node B to stay at
VRST fromtime t1 to tinme tla to avoid affecting the sanpled reset voltage.
[0046] Each i nagsadle¥i@l SO shewsal thardoasbodindéntsfiy inintivh. (arcongfaron
processing system Clip circuit 300 and global rmultiplexer circuit 350 would
be with the configuration of the embodiment shown in FIG. 3B, a DC current switch 370 is

introduced between clip transistor 310 and Vpixout node B in clip circuit 300”. Second
switch 370 is kept open when the drain voltage of clip transistor 310 is driven to

Vaapix, so that no DC current flows during the charge up period of memory capacitor

330.

[0045] FIG. 4C describes the an exemplary operation of the embodiment
illustrated in FIG. 3C. The operation is the same as that described in FIG. 4B, with an
additional signal SLICE_EN?2 that controls DC current switch 370. SLICE_EN2 is
asserted at time tla at the same time SLICE_EN_BAR is asserted, and SLICE_EN2 is
deasserted at time t7 when SLICE_EN_BAR in reasserted. This causes the voltage at
node B to stay at VRST from time t1 to time tla to avoid affecting the sampled reset

voltage.

[0046] Each imager may also be'arranged in an array, or as part of a
processing system. Clip circuit 300 and global multiplexer circuit 350 would be

connected to each imager in the array at node B, which functions as a column line.

[0047] In FIG. 5, the CMOS imager 500 is operated by a control circuit 530,
which controls address decoders 515, 525 for selecting the appropriate row and column

lines for pixel readout. Control circuit 530 also controls the row and column driver
11



connected to each imager in the array at node B, which functions as a colum
line. [0047] In FIG 5, the CMOS i mager 500 is operated by a control circuit

530, whi épgéﬁ%ﬁgg#zsaddress decoders 515, 525 for sel ec%?gg,sté{;bgm%@; opriate

row and c for pixel readout. Control circuit 0 controls
the row and colum driver 11 WD 2006/ 138533 PCT/ US2006/ 023437 circuitry
510, 520 so that they apply driving voltages to the drive transistors of the
selected row and colum lines. The clip circuit 300 is inplenmented in each

col um. cirdtieryo520; 62066 Pudt thewapplr dﬁﬁi'mga}dltagémd théed Avetraabistors of tisd gnal
VRST read out” of the storage region after it is reset by the reset

transi sielecddon and edblunimligesi Thetliy&ir&uit 30hisimplemeasst] tkachfcollmanst or age
region after photo-generated charges are transferred to the region. The

VRST an@héJikelogpat siganks ty?tfall?dnéiude aival ireset BiEriad VRST readidut@8the and
aresubtracted by a ditferential anplifier 540, to produce a differenti al

si gnal VRizdge rediGh efibpit ieaedet birtled resWREdnsistébhfxd ragpinekiendge digraldW8iG)t of

light inpinging on the pixels. This difference signal is digitized by an

anal og- twhidh ¢d teald aarofehe stforagdregitieattel pidtozgethepatedichargpsairs transfeimd too an

| mage processor 550 to forma digital image output. The digitizing and

i mage prthe esgiong Tha VRS hnd 358G stgnals aefdamipled byegemplei and holdsabroait 535

arrangenents the differential signal VRST - VSIG can:be anplified as a

di f f er emnidadre sabtyaeteddryca differential ahplifiérz#4d, tyyprodiickfacdiéferereial aigalaby RST

digital converter. [0048] FIG 6 illustrates a processor-based system 600,

for exampVEGfaraaeh pixedy ¥iRST - WHIG representathey amonpt of Eghtinepimging optheessi ng

unit (CPU) 605, such as a mcroprocessor, that communicates with an

i nput / ogtixels. This@iffdeanice eigitd indigitizeddns an énslogitoedigital eonvedter a#8.o0Thacl udes

an i magi ng device 500 constructed in accordance wth any of the enbodi nents

of the idigidized gixellsignpds asoieddbsn iomgmprocessesSH toformen dightal 80Bg@outpuus

615. The processor-based system 600 al so incl udes random access mnenory

(RAV) 6dthe digitizing anddmage precessiatg eanrhentorgted 25, orsefé thexnagesshiprelrosome
arrangements the differential signal VRST — VSIG can be amplified as a differential

signal and directly digitized by a differential analog to digital converter.

[0048] FIG. 6 illustrates a processor-based system 600, for example a camera
system, which generally comprises a central processing unit (CPU) 605, such as a
microprocessor, that communicates with an input/output (I/O) device 610 over a bus
615. The system 600 also includes an imaging device 500 constructed in accordance
with any of the embodiments of the invention. Imager 500 also communicates with the
CPU 605 over bus 615. The processor-based system 600 also includes random access
memory (RAM) 620, and can include removable memory 625, such as flash memory,
which also communicate with CPU 605 over the bus 615. Imager 500 may be combmed
with a processor, such as a CPU, digital signal processor, or microprocessor, with or
without memory storage on a single integrated circuit or on a different chip than the

processor.

[0049] Various embodiments of the invention have been illustrated using a

photodiode as the charge conversion device, and in the environment of a four transistor

12



whi ch al so conmmuni cate with CPU 605 over the bus 615. |Inager 500 may be
conbined wth a processor, such as a CPU, digital signal processor, or

m croproc i or wthout nenory storage on a sin i d
circuit o?®®ﬁhgw |%?erent chip than the processor. [004 f%029?§ﬂ2§k€

enbodi mrents of the invention have been illustrated using a photodi ode as
the charge conversion device, and in the environnent of a four transistor

12 WO 2006/ 138533 PCT/ US2006/ 023437 pixel. It should be appreciated that,

ot her "t ypisel. dt shudtidseapymesiatethithait, xethentypies bé phatasensoraandepineled chitedjeresr at e
i mage charge, The invention may al so be used in a readout circuit for a CCD
(char ge meybeateddoigengrate imgge duargediThg liyverition may@ldsa e useitkin a teadouhe
present invention be strictly limted to the above-described and illustrated
enbodi neciratit famp GO (thawgei couplet deviee)yareaye nAceordingly ot imsotintendeddhiat thet he
enbodi nents herein that falls within the spirit and scope of the follow ng
clai ns piesentdnventtombe deicsly lpmiteddd thereboveedesaribedvesat illmstratedl CLAIMS 1. An
i mager congrising: a pixel coupled to a pixel output line;, and a circuit
conf i guresdbodimerdei Yayanddificationa op thespresentinventionge desatheskindhepi xel on
said pixel output |ine and confiqured to use said stored pixel reset voltage
as a parembodimergs beraindhatfalle sdthinshe spjizitiamdaicopea of theif jog cldims in a
manner whi ch maintains said pixel reset voltage on said pixel output |ine
above a shouddbeepnsideredpait of the presegtinventioni rcuit conprising: a storage
capacitor; a switch for selectively coupling said output line to said

st or age

13



capacitor; a transistor for biasing said output line to control the reset
voltage Ilevel on said |ine, a gate of said transistor being coupled to said
storage capacitor; and a switchable voltage source for sw tchably applying
an additional voltage to said capacitor. 2. The imager of claim1l, wherein
said output line is a colum line of a pixel array. 3. The inmager of claim
1, wherein said swtchable voltage source conprises: a plurality of voltage
source lines; and a second switch for i?&lgﬁﬁrl vely coupling a selected
voltage source line to said capaci t of] he i mager of claim 3, wherein
said output line further receives a pixel output signal fromsaid pixel and
wherein said switch selectively couples a first voltage |ine having a first
vol t age hi ghel. tha‘hnim:iigtrpomgésiegm ned mi ni rmm vol tage to said capacitor

bef ore sai d out put g\ |ves Sfl C{EQ' xel tput signal. 14 5. The i mger
of claim1, wher e|3np1§ C(fi’uP ﬁ%PB{XS oy clﬁ’ﬁp? to a voltage supply line and
sel ectively Con”oicﬁrc%ﬁ%hﬁ@ﬁﬂe@'fb Rbeite ¥ 80 fikamesab ity sdidne to said
output line in response to Voltage on said capacitor. 6. A nethod of
operating an pmﬁgmrsardqnmhosﬁpmghnﬁmmcmpﬁguwﬂ to nmd/a;tagdmcbl sesorvalgga pi xel
reset voltage from a pixel n oqut d for.using said stored

pi xel reset VOIARIEY grtﬁcﬁﬁ?‘g]r?e"{ﬂéert"f’ ag?c}ﬁY‘?TBPS ¥Rt ling g} F 1RBNYTev el on sai d
out put line ignigh FRASHs mHg,&enpesat@m%e Spdaid pfxép&utfts.ﬁﬁe ab¥@d 4 age on said

pi xel output Iine above a predeterm ned m ninum voltage; selectively
coupl i ng sai dpredetgutinéd menimomavadtage, dyecicagaoitpoising:

a storage capacitor;

a switch for selectively coupling said output line to said storage
capacitor;

a transistor for biasing said output line to control the reset voltage
level on said line, a gate of said transistor being coupled to said storage
capacitor; and

a switchable voltage source for switchably applying an additional

voltage to said capacitor.

2. The imager of claim 1, wherein said output line is a column line of a pixel
array.
3. The imager of claim 1, wherein said switchable voltage source comprises:

a plurality of voltage source lines; and
a second switch for selectively coupling a selected voltage source line to

said capacitor.

4. The imager of claim 3, wherein said output line further receives a pixel
output signal from said pixel and wherein said switch selectively couples a first
voltage line having a first voltage higher than said predetermined minimum

voltage to said capacitor before said output line receives said pixel output signal.
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bi asing said output line to control the reset voltage level on said |line
wth a transistor, a gate of said transistor being coupled to said storage
capacitor; and sw tchably applying an additional voltage to said capacitor
with a switchable voltage source. 7. The nethod of claim®6, wherein said
output line is a colum line of a pixel array. 8. The method of claim®6,
further conprising the step of receiving a pixel output signal fromsaid
pi xel and sel ectiv .coupling.a first.volfage. line haying a _first voltage
hi gher than said ﬁ%ép@&%ﬂﬁeﬁ%w AinBId Ewisies 1L AP RLIBANBE bef or e
sai d out put 'bgﬁ)&y RRERAESI R Ely Roitlls AIRUD b Hitag? frofsdidBgsHly BR 3V
conprising: a plurality of inmager circuits, at |east one I nmag circuit of
sai d plurality sadowpuslimegn resppinseeb voltagel edsaidcapagitorel out put |ine; and a
circuit configured to receive and store a pixel reset voltage from said

pi xel on said pixel output line and configured to use said stored pixel

reset voltageg as %ﬁg{hggv&ﬁﬁéﬁaﬁnfﬁc%ﬁga%ré;oé]{ﬁg%g%%(téﬁgregggﬂI evel on said

output line in a manne set voltage on said

pi xel output |ine avoivingandmtadief epixeinrestt noltdagerony alpixaden ah betpat ki t
conprising: 15 i storage capacitor; a swtch for selectively coupling said
out put |ine t8n&Hrgsipgspidgtored piyshiesesvoltagerasaaranmeler tospnelasiess§ sai d out put

transi st or boy R ey oA T Suhfifing b ) AR nninilne iR eS8 €
voltage on said pixel output line above a predetermined minimum voltage;
selectively coupling said output line to a storage capacitor;
biasing said output line to control the reset voltage level on said line with a
transistor, a gate of said transistor being coupled to said storage capacitor; and
switchably applying an additional voltage to said capacitor with a

switchable voltage source.

7. The method of claim 6, wherein said output line is a column line of a pixel
array.
8. The method of claim 6, further comprising the step of receiving a pixel

output signal from said pixel and selectively coupling a first voltage line having a
first voltage higher than said predetermined minimum voltage to said capacitor

before said output line receives said pixel output signal.

9. An imager array comprising:

a plurality of imager circuits, at least one imager circuit of said plurality
comprising:

a pixel coupled to a pixel output line; and

a circuit configured to receive and store a pixel reset voltage from said
pixel on said pixel output line and configured to use said stored pixel reset voltage
as a parameter to control a reset voltage level on said output line in a manner
which maintains said pixel reset voltage on said pixel output line above a

predetermined minimum voltage, the circuit comprising:
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a switchabl e voltage source for switchably applying an additional voltage
to said capacitor. 10. The imager array of claim9, wherein said output |ine
is acolum line of a pixel array. 11. The imger array of claim9, wherein
said switchabl e voltage source conprises: a plurality of voltage source
lines; and a switch for selectively coupling a selected voltage source |ine
to said capacitor. 12. The inager array of claim1ll, wherein said output
line further receives a (gri xel out[ot%ut signal from said pixel and wherein

said switch sel ectivel y* TYaRT @28 i rst voltage |ine having a first voltage

hi gher than said predetesicAgsr sEldttinINcodSlingadR slpRadind t6 Sdsiokae before
said output line receives said pixel output signal. 13. The imger array of

claim9, wherein sapatitor,ansi stor is coupled to a voltage supply line and
selectively controls application.of .a voltaqge fraom sai uppl ine to said
output line in responsé tfadlsvtﬂr?%rglﬂasd?g ?é‘# 8&33931:6?(9 SP&r(ciiiﬁe %Q?}?r%’hg%esi ng
system conpri si Ng:leved oRAAIHS A gat@ BflsaddtrhtSRGR bedlg @ipRUeE kdi@Riosalel Y coupl ed
to said processor, said inmager array conprising a plurality of 1 mager
circuits, at |eastcapawtor;rmader circuit of said plurality conprising: 16 a

Bnd store a pixel reset OIPRYE vplihsolith sl SR iptaiitel o 1 1 ne
and configured to JxgesSRIHiddaph@fdrPi Xel reset voltage as a paraneter to
control a reset voltage |level on said output line in a manner

10.  The imager array of claim 9, wherein said output line is a column line of a

pixel array.

11.  The imager array of claim 9, wherein said switchable voltage source
comprises:

a plurality of voltage source lines; and

a switch for selectively coupling a selected voltage source line to said

capacitor.

12.  The imager array of claim 11, wherein said output line further receives a
pixel output signal from said pixel and wherein said switch selectively couples a
first voltage line having a first voltage higher than said predetermined minimum

voltage to said capacitor before said output line receives said pixel output signal.

13.  The imager array of claim 9, wherein said transistor is coupled to a voltage
supply line and selectively controls application of a voltage from said supply line

to said output line in response to voltage on said capacitor.

14. A processing system comprising:

a processor; and

an imager array electronically coupled to said processor, said imager array
comprising a plurality of imager circuits, at least one imager circuit of said

plurality comprising:
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whi ch mai ntains said pixel reset voltage on said pixel output |line above a
predeterm ned m ni mum voltage; the circuit conprising: a storage capacitor

a switch for selectively coupling said output line to said storage
capacitor; a transistor for biasing said output line to control the reset
voltage level on said line, a gate of said transistor being coupled to said
storage capacitor; and a switchable voltage source for swi tchably applying

an additional voltage to ISélitd caggcitt r. 15.. The processing systemof claim
14, wherein said &ng COPPHR 19 PR 1ne1?|uﬁie of a pixel array. 16. The

processi ng syst emaddircalt@bAfidifted WiREQVOarsRdteeSWikdl hedet Golupk fagessdur ce
conprises: a plurality of voltage source lines; and a swtch for selectively

coupl i ng a sdlixdvagaiddlizel gutpablinecand qonfigersd saiee satsbyiersil potel resat voltage

processi ng systemof cl.aim.1§, wherein i ut.put _ lipe further receives a
D el out put Seg oot o e Sldks <E o B8 Lt By I s vel y

coupl es a fi rgtticly Ralrd@ifis édid‘ﬁix@?q‘éiséig'oﬁ?jéé drsdaid/gikelaggpiilgbabodean sai d
predeterm ned mninumvoltage to said capacitor before said output |ine
recei ves sai drgdeiesminedunipamus wpitage; thercine@it cpmprigingcessi ng system of claim
14, wherein said transistor is coupled to a voltage supply |line and

sel ectively controls afpif@8¢ FacPﬁc%(F)r’ a voltage fromsaid supply line to said

output line in response dftchabt RULtIVByBUSliEARRLH IRt line to said storage
capacitor;

a transistor for biasing said output line to control the reset voltage
level on said line, a gate of said transistor being coupled to said storage
capacitor; and

a switchable voltage source for switchably applying an additional

voltage to said capacitor.

15.  The processing system of claim 14, wherein said output line is a column

line of a pixel array.

16.  The processing system of claim 14, wherein said switchable voltage source
comprises:
~ a plurality of voltage source lines; and
a switch for selectively coupling a selected voltage source line to said

capacitor.

17.  The processing system of claim 16, wherein said output line further
receives a pixel output signal from said pixel and wherein said switch selectively
couples a first voltage line having a first voltage higher than said predetermined
minimum voltage to said capacitor before said output line receives said pixel

output signal.
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19. A method of form ng an imager pixel conprising the steps of. formng a
pi xel coupled to a pixel output line; and formng a circuit for receiving
and storing a pixel reset voltage fromsaid pixel on said pixel output l|ine
and for using said stored pixel reset voltage as a paraneter to control a
reset voltage level on said output line in a manner which maintains said

pi xel reset voltage on said pixel output |line above a predeterm ned m ninum

vol t age; whergi n f i . | i ri X rIn . apacitor;
formng a switen 1o BBRsURE BN UL TE LR sy ol 1 eobRER, 670 TC 20
capaci tor; f oolaggsupply laesdndtselectivuly boratilgppiaatibnooftaptalitapé fromtsaidcont rol a
reset voltage level on said ljne, a gate of said transistor being coupled
to said storagRlydingie paiéputpahking iBrasnegsetopitegsebiaid camaciitfe source for

swi tchably applying an additional voltage to said capacitor. 20. The nethod
of claim 19, wherein said step of formng a circuit further conprises

form ng sai d 1@ut puk nethirl EFoniagla iMagdr Pexedtorapinetheatpayf: 21. The met hod
of claim 19, wherein said step of forming the switchable voltage source
conpri ses: forni ndoemigga@rmxglcoupled (e pizgloovtpnidiae; andnes; and forning a switch

for selectively c ling a select vol 1 . [ | i paci tor.
22. The method of q@ﬁ%fln%%f r,c?lﬁﬁ%r.rrg:geﬁvﬁégﬁgc?%{%%? pﬁ&}]%eslg@oﬁtogen% '(tjs 8l%?ecei ve a
pi xel output gikdalsaidrpivel saight Bhld RAdsinb edie stdrapidelsedet 0bltdge akar med to
selectively couple a first voltage |line having a first voltage higher than
said 18 parameter to control a reset voltage level on said output line in a manner which
maintains said pixel reset voltage on said pixel output line above a predetermined
minimum voltage; wherein forming the circuit comprises:
forming a storage capacitor;
forming a switch for selectively coupling said output line to said
storage capacitor;
forming a transistor for biasing said output line to control a reset
voltage level on said line, a gate of said transistor being coupled to said
storage capacitor; and

forming a switchable voltage source for switchably applying an

additional voltage to said capacitor.

20.  The method of claim 19, wherein said step of forming a circuit further

comprises forming said output line as a column line of a pixel array.

21.  The method of claim 19, wherein said step of forming the switchable
voltage source comprises:

forming a plurality of voltage source lines; and

forming a switch for selectively coupling a selected voltage source line to

said capacitor.

22, The method of claim 21, wherein said output line is formed to receive a
pixel output signal from said pixel and wherein said switch is formed to

selectively couple a first voltage line having a first voltage higher than said
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predeterm ned m ni num vol tage to said capacitor before said output |ine
receives said pixel output signal. 23. The nethod of claim 19, wherein said
step of formng the transistor further conprises formng said transistor to
be coupled to a voltage supply Iine and to selectively control application
of a voltage fromsaid supply line to said output I|ine in response to

vol tage on said capacitor. 24. An inager conprising: a pixel for supplying a
pi xel reset voltage;. and g circyit configured to_nonitor sajd pixel reset

vol t age and cHﬁfl?t@‘mlé‘%fp miumpaseliage foysaideangair befpre said ot Laff B8e¥eSkel reset

vol tage a VO'&@Qﬁxﬁﬁdﬁﬁiﬁéﬂﬁ whi ch has a waveform which starts at a
nom nal voltage, then Tncreases to nmaintain a differential above a

predeterm ned m ni num vol tage until an output of said pixel is read out,
the circuit conprisjing: a storage capacjtor; a switch for selectjvely
coupl i ng sai d2but plke Methedgc ﬁpd9§W§W§@@““%%$ﬁ@ﬂ%ﬁ?¥%éhqV@ﬁ§ﬁ§ﬁ3?h$br

bi asi ng sai d | : d V, aid line, a
gate of said tr a;%gsfe 3 ngirql %Bée%ﬁ%&g%%sg(%réé tP)tg Sgg%g%tosét)%élgdgg Su@%ﬁ%‘f fQI(E)Hrt% and a
swi t chabl e vosidlatiecly@utittel dpplicaiontof hakbltygelpgh vaidgupply diaditd saddabtpuvol t age to
said capacitor. 19 . .

line in response to voltage on said capacitor.

24.  Animager comprising:

a pixel for supplying a pixel reset voltage; and

a circuit configured to monitor said pixel reset voltage and configured to
produce in response to said monitored pixel reset voltage a voltage on the line
which has a waveform which starts at a nominal voltage, then increases to
maintain a differential above a predetermined minimum voltage until an output of
said pixel is read out, the circuit comprising:

a storage capacitor;

a switch for selectively coupling said output line to said storage
capacitor;

a transistor for biasing said output line to control the reset voltage
level on said line, a gate of said transistor being coupled to said storage
capacitor; and

a switchable voltage source for switchably applying an additional

voltage to said capacitor.
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