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LOW DARK CURRENT PHOTODI ODE FI ELD OF THE | NVENTI ON

wQ 0@d03690he i nvention relates to a techni que fPET/US2003/026205
suppressi ng unwanted thermal generation of current,
and particularly to the suppression of thermally
generated dark <current in a pixel of an inmaging
devi ce. BACKGROUND OF THE | NVENTI ON [ 0002] Dark
current refers to an undesired signal generated by a
pi xel of an inmaging device even in the absence of a
| i ght BiXgFRafENSEREITHUR dOWoPARYa FRRRENE r BHPTOPEODEher mal | y-
generated energy. Thermally generated dark current in
a CMOS active pixel imging device presents problens
in many i magi ng applications. For exanple, sone
autonotive applications require stable pixe
per f ormance at tenperatures rangi ng between 60 and 80

degrees Cel st us. , dark
current |ikew se |ncreases iﬁ%ﬁﬁt?@naﬁ?y, sone

[000H] gi t ghheShiddtichaeRt&Sor@thhiqué RS eppiRghy un¥AERId thermal
integration tines, mhlch all ows for " higher

sene 8 afic bt B RialERL® Y GhEersaP OB Brmal o dank
t her mal | enerated dark current. Consequently, a need

currepiinsi Bixg @ & ingdgiegdevisthi ch i nhibits the generation of
thermal |y generated dark current. BRI EF SUMVARY OF THE
| NVENTI ON [ 0003] In one aspect, the invention provides
an i magi ng pi XxBACKGROYPNDpOEt DHECKNVENSI IONdevi ce for

roduci ng an electrical signal at a first node thereof
[000 f h refssksarrent refers to an undesired signal generated by a pixel of an imaging

device even in the absence of a light signal. Onc source of dark current is thermally-
generated energy. Thermally generated dark current in a CMOS active pixel imaging
device presents problems in many imaging applications. For example, some automotive
applications require stable pixel performance at temperatures ranging between 60 and 80
degrees Celsius. As temperature increases, dark current likewise increases. Additionally,
some digital still cameras require increasingly longer integration times, which allows for
higher sensitivity against photo current. However, the longer the integration time the
higher the sensitivity to thermally generated dark current. Consequently, a need exists for a

circuit which inhibits the generation of thermally generated dark current.

BRIEF SUMMARY OF THE INVENTION

[0003] In one aspect, the invention provides an imaging pixel having a photo

conversion device for producing an electrical signal at a first node thereof in response to
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energy; an electrical circuit for receiving the
we@bk@ansdoenl signal at the first node and prodRCi/NR083/026205

pi xel output signal therefrom and a circuit path for

providing the output signal to a second node of the

phot o conversion device. The circuit path produces a

zero net bias across the photo conversion device to

inciddrf® 'gﬁ@ cREBRr A1 bleftriehl dilkeltTaY feycivingube dlddatdal sighalr#he first node
In different enbodi ments, the electrical circuit may

be,a.volta foll ower, Gi it..or
an RSB PREOAP R AT B AREHEAS S bl e oucp
~ provides a nethod of operating a pixel cell to
signaliogy segend nede of Brapheiorc@ayersioprisyise c difef &uirPajl preduces a zero
to reduce thermally induced dark current. These and

net biat h&oss atplioes canetréidi aletiag &s rafuct lgenémuientof eiernally ibduced dark
better understood fromthe follow ng detailed

descr i pl.i ich i Vj it n: ty -
curref ST AL AR sHHolnk S DA 1B B RERRE YO e follower circuitor
DRAW NGS [0005] Fig. 1 is a schematic diagramof a
a soufcefellowersdiifent of the invention; [0006] Fig. 2 is a
schemati c di agram of a second enbodi nent of the
invention; [0007] Fig. 3 is a cross sectional view of
[0004he photacthedaespebgwhe invekiigs pravidusa Bethodoa0gieraing a pixel cell to
is a schematic diagramof a third enbodi nent of the

proviltiﬂ g %Ftted @Qé acrb%%oél%otg' c‘i]mvgrelo'[ng%c?bc]% QE ?g@ﬁdccth@hﬁm}ﬁiﬁ‘iﬁﬁécd dark

aky dio Fig. 5is a

currqslq:\tfgfas}cé%ddoltﬁgrr f%gntu%s sh a%éfg}ltgggsngp r%le rrxr?\petnti%fn vtmjillebe better
understood from the following detailed description which is provided in connection the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Fig. 1 is a schematic diagram of a first embodiment of the invention;
[0006] Fig. 2 is a schematic diagram of a second embodiment of the invention;
[0007] Fig. 3 is a cross sectional view of the photodiode shown in Figs. 1 and 2;
[0008] Fig. 4 is a schematic diagram of a third embodiment of the invention;
[0009] Fig. 4A is a schematic diagram of the leaky diode of Fig. 4;

[0010] Fig. 5 is a schematic diagram of a fourth embodiment of the invention;

[0011] Fig. 6 is a schematic diagram of a fifth embodiment of the invention;
2



[0011] Fig. 6 is a schematic diagramof a fifth
enbodi nent of the invention; 2 WO 2004/ 036901
wEOAAAER003/ 026205 [0012] Fig. 7 is a schematPCI/US2003/026205

di agram of a si xth enbodi nent of the invention;

[0013] Fig. 8 is a schematic diagram of an NMOS

i npl ementati on of the read-out portion of the

i nvention; [0014] Fig. 9 is a schematic diagram of a
[001240s i Figl Zitenscheimaric dfagram of aatkthgmbogdimeioof e invmtion;

invention; [0015] Fig. 10 is a schematic diagramof a

sevent h enbodinent of the invention; [0016] Fig. 11

[00183 a tHigl § dichemant dfagkdig ofh NMfOS)fm;Ele}cn@rﬁhon[ Mthélread-out
Fig. 12 is an enhanced timng diagramof the circuit

i d [0018] Fig. 13 is a further enhanced
gnn?%ﬁgﬁﬂegﬂgngﬁﬁof the circuit of Fig. 10. DETAILED

DESCRI PTI ON 0: THE | NVENTION [0019] Fig.1l illustrates
ccordance with a first enbodi nent

i xel. cell 0in
[0012 P lgu%%ﬁ@rﬁc %a%aeﬁr%ﬁ%m PMOSampheneripgge of ghe read-out
haV|ng a charge accunul ati on node A connected to a
portippoftthswivtotion;r ansi stor 108, the other side of which
is connected to a potential source VDD, a capacitor
CPI XEL connect ed between node A and potential source

[OOlyPD gl 1@Nis QUERMhagd &i‘ﬁyfa'i'n o280 s&RAM %Bg&ﬁaﬁ%f\fﬁé {RQGtion;

| owet coupled to nodd8 A and providing a
output S|gnal The CIrCUIt 100 is an operatlona

i fd 120 havi |t|ve |n nnected to
[001§gg E nd gaﬁgﬁlﬁgﬁg@grﬁﬁg 86%@‘{: >he anplifier
120
[0017] Fig. 12 is an enhanced timing diagram of the circuit of Fig. 10; and

[0018] Fig. 13 is a further enhanced timing diagram of the circuit of Fig. 10.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Fig.1 illustrates a pixel cell 100 in accordance with a first embodiment of the
invention which comprises a photodiode 104 having a charge accumulation node A
connected to a reset switch transistor 108, the other side of which is connected to a
potential source Vi, a capacitor Cpy; connected between node A and potential source
Vpp, and an output circuit 120 configured as a voltage follower coupled to node A and
providing a pixel output signal. The circuit 100 is an operational amplifier 120 having a
positive input connected to node A and a negative input connected to the amplifier 120

output, which is also coupled to the side of the photodiode 104 opposite node A.



out put, which is also coupled to the side of the
phot odi ode 104 opposite node A. 3 WD 2004/ 036901
wEOAAAER003/ 026205 [0020] Wthin the reset tredEUS1005/026205

108, the mddle arrow signifies that a portion 112 of

the transistor 108 between its source and drain (known

as a bul k substrate) has an electrical connection

wired thereto. In the pixel 100 the bul k substrate 112
[00204 dr iWishinbthe resee tansistor dA8i dic mivbllé firew sigiffiésathhoapnrrion 112

the VPI XEL at the node 116. Unwanted thermal current

of tht $rahsictee A98BerREASIHEES Iy QHhS (RIS Ss Bﬁu@ﬁ%&&%fﬂ% an
104. Al though the capacitor CPIXEL is shown connected

. it could.also onne 0 ound or g
cleceliSy ¥RhectionrRled uEP. IR R0 180 shebksuliRedd2 i driven by
val tage across the photodi ode 104 is al ways kept at

the dyfigrentia} gmplifisy 120 éoliiwing theVial, At nbdel 162 nwirsed thermal
capaci tance at the photodi ode 104 does not contribute

currch0istreu il Biasiaf veFSVAlE eds thel PRS@UVHR 1341€Although the capacitor
conversion gain of the Fig. 1 circuit is largely

det ' al ye o | XEL, [002 The circuit

Cons B DGR 08 2L Wl ) Bl 802 TRl Mg soure
voltage VPIXEL is initialized to a reset voltage

other o thece s applisdvelragegerosp ghe pletodistide Mg igalways kept at zero

selectively read fromthe OUT node of the anplifier

volts b2 @h¢ differaaiphmplifier 120, dhe icipaditinceAttthé ph8cliodd 184 does not
phot odi ode 104 produces an integrated cﬁarge signal at

j i g t Ltor CPIXEL. This .
consAE S et S8, i GROTALL G0 oAGhp T e 1
. circuit. [0022] The junctiaon bias of the photodi ode
C“‘“ﬁGwaﬁghkéﬁ?“8¥m§éW6hﬂHﬂpﬁ@fﬂhemreset and charge

i ntegration periods by the output of the voltage

foll ower anplifier 120, which is
[0021] The circuit of Fig. 1 operates as follows. The node A pixel voltage Vg, is

initialized to a resct voltage through the reset transistor 108, and this value is selectively
read from the OUT node of the amplifier 120 to a sample and hold circuit. After reset, the
photodiode 104 produces an integrated charge signal at node A which is stored on the

capacitor Cpyg;; . This too is selectively read out to a sample and hold circuit.

[0022] The junction bias of the photodiode 104 is kept at zero during the reset and
charge integration periods by the output of the voltage follower amplifier 120, which is
coupled to the backside of the photodiode 104, that is, the side opposite node A. Because
the junction of the photodiode 104 is zero-biased, there is no net current flow through the
photodiode 104 to generate dark current. Moreover, the substrate of the reset transistor

108 also receives the output of the amplifier 120.
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coupl ed to the backside of the photodi ode 104, that
is, the side opposite node A Because the junction of

wo b@4pkovodi ode 104 is zero-biased, there i s nPCHES2003/026205
current flow through the photodi ode 104 to generate
dark current. Mreover, the substrate of the reset
transistor 108 al so receives the output of the
anplifier 120. 4 WD 2004/ 036901 PCT/ US2003/ 026205

[0024100231n #H3s WhY SalM@dctidisl conubatd 6o shemnegation node tAhef Fig. 1 are
i'ntegrati on node A of Flg 1 are zero biased so that

ZEro lﬁ?sgﬁn%g We?é‘? oﬁal hcéxla(%\ ¢ s ?lgéé{:@“ﬂg{fpg cecﬂl Sﬁ SenS| ?%FH conversion

are achi eved because they are deternjned solely b the
gain agelj therspradrigh screpieiars edpeed Abcg@&s%%ms Sieterappe solely by the
the present invention is shown in Fig. 2, in which a
gmncﬁpyﬁﬁﬁ(j #omer circuit 212 is used in place of the
vol t age lower circuit 120 of Fig. 1. The source
follower circuit 212 includes a zero-threshold

[OOZ‘ﬂr anshssg%nc?%bgg.{t?%ﬁﬁtcﬁ%é re@cntQHﬁérﬁR)tn B ONGGER it B8 3N¢h which a

a gate conne to no he plxel 200 difters

source §glamicTsirshic e MARSEHE gf?(ﬁi&gc et folSiysf e 126 of Fig. 1.

wr apped around and tied to the back side of the
The sphaktddiloser dfediit Henbrdes & herosdiredigpdd trmosistos 20 aonnected to a
phot odi ode 104 is still kept at zero, this tinme by the

hinécdked tdibab Ahashapixet Gu! Hiffers from th
Cunt%%uﬁ?éhﬁg% tﬁ%BSanﬁgo g of {he photodloge 104 anéxiéonl ©

pixel J3in ffcifin b aRenie 2 T8RP ioxEled YR EREY Boybredpenut

of zero, so that the source follomer circuit 200
wrapmidvageng aoditidsoaht patk sid¢ obidis photediodsddk. dilawewr, the voltage

across the photodiode 104 is still kept at zero, this time by the source follower circuit 212
which has an output coupled to the back side of the photodiode 104 and to the input of
the buffer amplifier 216. The zero-threshold transistor 204 has a threshold voltage of zero,
so that the source follower circuit 200 always provides output voltage to the back side of
the photodiode 104 corresponding to the input voltage at the node 220. The transistor is
held at a zero-threshold by controlling the impurity concentration beneath the gate of the
transistor 204, which is also known as gate implantation. The source of the transistor 204
is connected to that transistor’s bulk substrate, so that a “body effect” is eliminated and
good linearity with unity gain is held in the source follower circuit 212. Consequently, the
source follower circuit 212 can always keep zero-biasing across the photodiode 104

independent of any charge-accumulation condition.



t he photodi ode 104 corresponding to the input voltage
at the node 220. The transistor is held at a
waeoaséweshol d by controlling the inpurity  PCT/US2003/026205

concentrati on beneath the gate of the transistor 204,
which is al so known as gate inplantation. The source
of the transistor 204 1is connected to that
transistor's bul k substrate, so that a "body effect"”

[00253]s el Figl Baheds anchergaidcrobseation yf wie pixelrd G0/ingasemicsnductor
held in the source follower circuit 212. Cbnsequently,

substgzagc HEWiE 1rI g gr IBle [gl{(ftgﬁiotdcg‘gg 8&3’%&3&1‘]@% él g n as wc];ll as the

|aS|n 05s't ent o
any char.ge- accunul tion c ndi t.i on, WO 2004/ 6901
gate Qe G3pEerer g96209 tﬁfdwa] Fragsister 24 3,48 SORAREhIG T integration

cross section of the pixel 200 in a sem conduct or
node bkt 1datiton Abe shawnrofithe Bagsistdr 204 rohddsdehtbda dwtput to the buffer
charge collection region as well as the gate of the

amplifEA856 SAPLs A4 %cﬁﬂl(éc{clae(o%@'l’r\vaf 305 8 ISJ fhrglc?@éol?rﬁ?m{iﬂeéd in the P

connected to e Integration node dditio

et 8 BB S BB PSS S DSBS 18 50

P well 305 by a P+ region 304 provided in the P well
form&Dén thihN - Hpostibst30S froonder thémpavk sensitavinf off the photodiode 104
phot odi ode 104. The P well 305 is forned on the

undePNdry BasiigPRE bR Be phBrdliG&! 1040, thERbeY S @(ﬁﬁ%h&ht’:{éﬁ BeXath the
t he phot odi ode 105 under zero biasing across the

oo A OB S PBET Pk DTSR s

decreased, so that generated electrons in the | ow
in theclomcamceatraten regipmA06a6: gatbergdtinter td Nnichbanghgolection region by a
charge collection region by a carrier diffusion

carrieP AR process.

[0026] The arrangements of Figs. 2 and 3 provide high dynamic range and excellent
linearity. Although Fig. 3 shows trench isolation regions 308 and 312 (also known as ST1
regions), other isolation techniques could also be used such as nwell isolation or LOCOS.
The trench isolation (STI) regions 308 and 312 are formed by etching out a trench and
filling it with an insulator such as an oxide, which assists in isolating each individual pixel.
To the right of the transistor 204, the n+ drain region and the p+ well control region 304
are overlapped. The P well region 305 in which the photodiode 104 is located is driven by
the source follower circuit 212, following signal integration on the capacitor Cpyg,. In this
way, the well region 304 acts as a guard of the photodiode and is driven by the voltage

follower amplifier 120, hence the term “guard drive” photodiode.



[0026] The arrangenents of Figs. 2 and 3 provide high
dynam c range and excellent linearity. Al though Fig.
w@2®hoseot r ench i sol ati on regi ons 308 and 312 ¥El/B82003/026205
known as STI regions), other isolation techniques
could al so be used such as nwell isolation or LOCOCS.
The trench isolation (STlI) regions 308 and 312 are
formed by etching out a trench and filling it with an
[0027]nsul RtioHesktdrod@epBhoOiriht flw tHroagls itlsd surrenti seaka@t 208yas small
each individual pixel. To the right of the transistor
2 t .n+_drai ' : + .
35 poSfs W inClrRAel, ARl S0nHphOIE R PP RIS 208 fs needed for
whi ch the phot odi ode 104 is |located is driven t he
cach iggdipdual P@‘ICE oy, dpr @m&ramé?nef BIPHESs A Hé{Ffaﬁycu“Cﬂt
integration on the capacitor CPIXEL. In this way, the
consu@Ptior €01 atA 3dhldedgmirashar duidanereof be kss pghant bdAggexchndherefore,
is driven by the voltage follower anplifier 120,

hen " i " h i . . .
an ea R e SR B 6T S e FhBEL O sl aghicge such
~ keep the current flow through the curyent souyrce. 208
high Igeels phyesistagse b’é;@s‘i%llvémﬂ%“aiifﬁﬂsﬁ‘?fz@a'f éuﬂbﬁka‘ﬂg-‘s“’n ayers or
consunption, as one current source 208 is needed for
polysitiaeh layedi VI sladidregi thehboiihpiobldnoy, Fam 4astroams opixdnarcuit 400 having a
mllion pixels, an overall current consunption of 1

curreq) AP\Sll?é(ge‘ﬁ tij%%'tjrﬁ ?)g ?Et’%(ytdﬂﬁic%w. he ?ﬁplcﬁ_ﬁﬁt}]; B{a@lc]t%iodc 404 can be

here an equil val ent esl st'ance o

) several GQ i s needed. wever, it.js diffi t to. .

increagedh PR IRFIEAIHIS thﬁiagww@?f%u&rﬁf PRI RE E2RR %ﬁb contained within the
conventional resistor materials such as diffusion

junctioaysfithe diodepHldyduting fabricayen,svhidloiratun aéects the adyowse-biased
probl ens, Fig. 4 shows a pixel circuit 400 having a

curc SR AOUSEAD LB o8] Mk ord 40 oo of
reverse-biased current, the transistor 408 is operated in its sub-threshold mode, in which
the threshold voltage V. (or Vi) decreases with increasing temperature. The source
follower transistor 408, like the transistor 204 (Fig. 2), is described as a zero-threshold
transistor when m actuality its threshold voltage is merely very low. Because the leakage

current of the diode 404 increases with increasing temperature, this has the effect of

offsetting the temperature dependence of the zero-threshold transistor 408.

[0028] A more detailed view of the leaky diode 404 is shown in Fig. 4A, where all
portions of a substrate 448 except an n+ region 452 are covered by a photo resist 444 and
then implanted with a large amount of neutral impurities or heavy metals. This

implantation gives rise to a controllable amount of defects or traps 440 in the diode 404,



I ncreased by increasing the amount of neutra
inpurities or traps 440 contained within the junction
wo@boothasodi ode 404 during fabrication, which i nP€TIUS2003/026205
affects the reverse-biased current flow ng
t her et hrough, as shown in Fig. 4A. Because of the very
| ow anobunt of reverse-biased current, the transistor
whi 8 Kﬁ ogerate in its sub- P!eshold nmode, in which
asithf SH¢of WeVingRavatteblc ameyntridedkage sumert This controllable
i ncreasing tenperature. The source follower
leakagegsient isrusedavith theeotthet of diesboat@rfoROwer trambistd) 408 $o zero-bias
descri bed as a zero-threshold transistor when in

the pidrddiode M o4t s threshol d voltage is nerely very |ow.
Because the | eakage current of the diode 404
increases wWith increasing tenperature, this has the

fect ting the te at.ure dependence of
(00291 AR theL WP SF b Rark il G FR A Sispaie o Maingaining the
detajl ed view of the |eaky diode 404 is shown in Fig.
Photage,w\ﬁﬂ&‘*eata{ gero binsty thesvroin Bigs bpwhermtasubd@eaxddpur@nt source 504
n+ regi on 452 are covered by a photo resist 444 and

is usdcheithimplegsitatdirshit 800. 'EHORbATRMYIA RLrBEUdiRle 504 employs a gate-
inmpurities or heavy netals. This inplantation glveg

uhd&E amunt of  defects ar traps 440
groubSE i PR MOSEELI-BTRHR Sk 3 teritatopip e sodhe zcro-
ich has the effect of allow ng a quantifiable amount
thfesggfdi wsy 40% pefig. 4nithatabatraobistapd8 it elaasgsulgertrtont small
is used with the output of the source follower
amountafshstol cdfi8nt, on ey engt 3% sev_%m pph‘@)t RMR08A 16%his is true even when
[ 0029] Anot her way of generating current for the

V... i80S RE AR |AL ] hot odi ode 104 at zero
S b as 15 Shown’ ?{r?a%?% %g%é&%es?lgnac%ﬂﬁglhtf@?%‘?rds @"fﬂsr%tsublc“ to
So%{ﬁ? 504 )
unwanted channel current. As with the pixel 400, this stability has the effect of offsetting
the temperature dependence of the photodiode 104. Although the pixel 500 does not

require special process steps, it does require an additional transistor 504.

[0030] Fig. 6 shows a pixel circuit 600 which uses an approach that differs from the
pixels 400 and 500 in that it uses ramping charge injection rather than current sources 404
and 504 to zero-bias the photodiode 104. After a reset operation, a negative-slope
ramping pulse is applied to a capacitor 608, which is attached to the guard node (backside)
of the photodiode 104. The ramping pulse generates a bias current which can be expressed

as

Iyias = Copas X dv/dr | . . . . . . (1)



Is used wthin the pixel circuit 500. The subthreshol d
current source 504 enpl oys a gate- grounded short

W@ b@anadooMOSFET transi stor. Such a transi stor PGI/US2003/026205
superior to the zero- threshold transistor 408 of Fig.
4 in that the transistor 408 is always subject to a

smal | anobunt of channel current, in the range of
This is true even when VGS

ver A tp sever ‘
[003] zeane.C %ﬁ&éﬂ%@éup%&’@@ GRediqabrersiongremiquésamyelincreased
_transistor 504 is not subject to unwanted channe
unifogmitygnprodasibility oftchgaciio gleldé0 Thit i Gurs idddedsts thehReutabf of the
effect of offsetting the tenperature dependence of

bias dutfenP0BhRE] 81kl 6Bt hough the pixel 500 does not
requi re special "process steps, it does require an

addi tional transistor 504. [0030] Fig. 6 shows a pixe
§ I Cuigt whi ch uses ppr.oach that differs from .
[003¢] .*"Fig, A DA 7 QORREER Eencrats bias (FHTISHL BHAEdeamping
I njection rather than current sources 404 and 504 to
technjqies - Heegsthehnwpsh oleottpda of d@4capafiteerCa,.r Bsehneaedad laGBmping
a negative-slope ranping pulse is applied to a

pulse @RASAEGT0DLRBtcadhfal, ia$ i tH GG th 8o di ) .
(backside) of the pRotodiode 104. %‘?ﬁ‘g?e?gynpaufﬁ‘éggﬁﬁ?s?‘éic of the
ressed. as

tes a Dhi cur rent i ch,can be ex

ramp SEIRIR ey 20455 B0 (4 Ph htiResomnpdegbmontive slope ramping
PCT/ US2003/ 026205 [ 0031] Recent advances in CMOS

pulse 734t apRlicds tathe sapaconr Copprduinestheduegratimepaitl. Due to this
uniformty reproducibility of capacitor yields. This

currentbding injedied easrRght@e ,%Qﬁé' R8RYeclit thl $nreBlafidnTY N2 (and hence
control of the pixel 600.

the guard node 708) increases with time. The ramping pulse generates a bias current

which can be expressed as

Igias = Cwer sup X dv/dt . . . . . . (2)

where Cyy; syp and dv/dt denote a capacitance between the guard node 708 and substrate
and the slope of the applied ramping pulse 716, respectively. Because the positive slope
ramping charge 716 is applied directly to the substrate, no additional capacitor is needed.
[0033] To read out the signals integrated in the photodiode 104, it is necessary to
implement a pixel selector into the amplifier 216 shown in prior embodiments. In Figs. 8
and 9, NMOS and PMOS source followers 804, 904 and selection transistors 808, 908 are
used to select and read out the pixel signal. The source followers 804, 904 are located in a
different well region from the photodiode 104 so that they don’t affect the photodiode

characteristics, which reduces noise from the readout components. Because the source

9



[0032] Fig. 7 shows another pixel 700 which generates

bias current using a ranping technique. Here the
wappend@bect rode of the capacitor CPlIXEL is coPeiEUS®03/026205

to a ranping pulse generator 704 instead of VDD as in

the prior enbodi nents. The other side of the ranping

pul se generator 704 is applied to the substrate

ground. A positive-slope ranping pulse 716 is applied

followle®s 804, TRPAGiat @WvolehfBhffey tHopgistielongt e anhécdfoparsepatate buffer
Due to this current bei ng i njected through CPI xXEL,

h Itage at the integration node 712 (and hence
mnphﬁ e‘néﬁard node 708) increases with tine. The ranping
pulse generates a bias current whi ch can be expressed

, BLAS = CWELL SUB. x dt ( wher e
(0034, thlﬂeﬂrgtSEO‘éfs em&ﬂ?% di“h éulg%\gqsh ﬁﬁa‘és Fgent source
and substrate and the slope of the applied ranping
1004 piwthite td that shespeaatHig.ed in cdpbimaten theh goNMOSeregllapecircuit 1008
ranpi ng charge 716 is applied directly to the

simila.ﬁ_%)ﬁ{artghgwn% Cg tB&JlaﬁLc #RARGAblbweEEEHors WiglA%he NMOS

0 read out the’signals |ntegrated I n the photodi ode

104, it | necessa y t enment a ect or.
readoyp it BT B SO BES R AmERS T io Bee KB G e AT P
Figs. 8 and 9, NMOS and PMOS source foll owers 804,
904 and selection transistors 808, 908 are wused to
[0035el ecThancjucaad obaperatien of st piselgh{¥I0, aTwell 9o all ©f the pixel
followers 804, 904 are located in a different well

emboﬁﬁﬂéﬂ)@ of HR Db tRARNedh 08 BOdivided iRed thrb€padoPetiods: reset,
fect the photodi ode characteristics, which reduces

mtcgrgtllg\%e gf/g]ét%gg gpgﬁ /BltL‘@ﬁ) otgr%gtﬁ%%f QLEER of Iﬁgsﬁyrﬁte t=t0, the
pixel is reset, thereby applying a reset pulse to the reset transistor 1012, while the
subthreshold transistor 1004 generates a constant bias current with a constant gate bias.
Supposing the high level of the reset pulse is at a voltage Vi, the voltage Vpiyg at the

integration node 1016 and also at the guard well of the photodiode 104 can then described

as follows:

Verxer = Vb — VrrressoLn_1004 : . . . . . (3)

[0036] The reset voltage on the photodiode 104 is read out through the rransistor
1024 and read out circuit 1008 by application of a selection signal SEL to the read out

circuit 1008. At t=tl, the signal integration process is begun. The voltage of the guard
well of the photodiode 104 decreases as Vg, decreases, thus maintaining a zero bias

condition between Vp s, and the guard well. Following the integration period, at t=t2
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foll onwers 804, 904 act as a voltage buffer, there is
no | onger any need for a separate buffer anplifier
WQ@1®4/0p®0B84] Fig. 10 shows a pixel 1000 whi ch PXCT/US2e%026205

t he subt hreshol d bias current source 1004 simlar to

that shown in Fig. 5 in conbination with an NMOS

readout circuit 1008 simlar to that showmn in Fig. 8.

Because the source foll ower transistors within the
anothdvSectrpedsdosi apmiadaoi the Yo uacircas 1008 ovhagahb widput, voltage is then

there is no need for a buffer anplifier. [0035] The

read REAVENOT RIdeOA GHEL Qhidvd&oPleltld d0@e sARphEL ! arPStHset signal is
all of the pixel enbodinments of the pr esenF

i nventi o can be divided.i t hr.ee basji.c peri pds: .
readopEEHn o8P AT o ReNa i P A Eacting 41 Qibes Rishal il the prior
timng of the circuit of Fig. 10. At t=tQ, the pixel
readojug sigaslestuppidsess dlogh dppoffien yamatres of thupisel sl ndise pEeetreadout
transi stor 1012, while the subthreshold transistor
circuit OQhuganehaidise Ra86MSIAYe Rhd% SBHihedNt W th a constant
gate bias. Supposing the high |evel of the reset
pul se is at a voltage VD, the voltage VPI XEL at the

yNt eghat | on nd_al so t he [ ].. of :

(00371 DT8R SRR GE R el lfu DD, R ja® burrenc passng
VPI XEL = VD - VTHRFSHOLD 1004 (3) [0036] The reset

through|the grangstor RBOH Aokentias s@all gappssible aHlasvaver, dabag po hasethe effect
transi stor 1024 and read out circuit 1008 by

of recappig tatspesd of the gakddtiveBp&ladonhnSmcrtBirddther dadiOn bf the reset
circuit 1008. At t=tl, the signal integration process

peod 1RSI TG HELARRE L P R0 lo Lk G 100,

n’gi nfaining a.zero bias condition between VPI XEL and
shownp By the, BLAS Hae in Figp 120w ng the integration period, at

t=t2

[0038] To improve readout and reset speed, a transient bias current can be used at the
beginning of every readout and reset operation. As shown in Fig. 13, at t=t2, t=t0’, and
t=t1’, a short pulse is applied to the gate of the bias transistor 1004 as shown by the BIAS
line, so that the voltage of the guard well is reduced by the pulse. After this pulse
transitions low, the zero threshold transistor 1024 drives the guard well 304 of the
photodiode 104 so that the voltage of the guard well 304 increases transiently so as to be
close to VPIXEL. Sampling the pixel output with an identical waiting time, as shown by
the line SAMPLE in Fig. 13, results in an output signal with good reproducibility. One
advantage of such operation is that lower power consumption is achieved than the bias

current modulation methods of Figs. 1-9 because of the short pulse width of the bias pulse.

11



10 WO 2004/ 036901 PCT/ US2003/ 026205 anot her sel ect
pul se is applied to the readout circuit 1008, where
WO b@4m8d9put voltage is then read at the OUT npdEUS1003/026205
order to achieve correl ated doubl e sanpling, an offset
signal is readout again at the next reset period
t=t3. Subtracting the offset signal fromthe prior
readout signal suppresses both the offset variations
This diffefehée BirkalilyapParat b¢ cohtridtitrgihagalt widtlr onithe BI[ASdines of Fig.
a | ow noi se readout inmge can be obtained. [0037] To
.neduce,_ powe heg ,consunption of the circuit 1000, the
lz‘mg}g§£8%$?%ﬁ F%%géing through the transistor 1004 is
kept as snmall as possible. However, doing so has the
effect .of reducing the speed of the guard drive
[0039per a¥hils theiveREPR kas ﬁ@ent e b ilsatedavip sefprence to
period. To mnimze these effects, a pulse is applied
specificextplapembotlithéest ik aheild theruntde@tood shat shawnmiogifichgons and
BIAS line in Fig. 12. [0038] To inprove readout and
substit[‘LEtﬁﬁ‘fs SReRdnadt \g%tﬁaﬁﬂ & ar&ﬁ%ﬁoﬁyﬂfe%iritcﬁﬂ R8ptSeth@vention.

e begl nni ng ever readout and reset operati1 on.

ho in Fig. 13, at t=t t=tQ.,.a =t|' a .
Accordingi, (Brianil ipart s torsierihtsdingie Ry thy lyebolig description
transi stor 1004 as shown by the BIAS I|ine, so that
but istdmdy limitcd gy thé stdye ofuhe dppeidedickimeduced by the pul se.
After this pulse transitions low, the zero threshold
transi stor 1024 drives the guard well 304 of the
phot odi ode 104 so that the voltage of the guard well
304 increases transiently so as to be close to
VPI XEL. Sanpling the pixel output with an identica
waiting tine, as shown by the |line SAVPLE in Fig. 13,
results in an output signal with good reproducibility.
One

12



advant age of such operation is that | ower power
consunption is achieved than the bias current
woreadloaodon net hods of Figs. 1-9 because of theCHOS003/026205
pul se width of the bias pulse. 11 W 2004/ 036901
PCT/ US2003/ 026205 This difference is readily apparent
by contrasting the pulse width on the BIAS |ines of
Fig. 12 with that shown in Fig. 13. [0039] Wile the
| NVeWtHapR dafmclashcwaendrddsieed edbe ipkdtdsted dlyelck tidrs Ratent of the
reference to specific exenplary enbodi nents, it
United$oatesglisbe under st ood that many nodifications and
substitutions can be nade without departing fromthe
spirit and scope of the invention. Accordingly, the
invention is not to be considered as Iimted by the
f br egoAndmdgsgrpiptlicomprising:i s only linmted by the
scope of the appended clainms. 12 WO 2004/ 036901
PCT/ US2003/ 026205 What is clained as new and desired .
t ®Phetqpevsrierdeyica for pepdugmg am clegiricahugnaljgr g digst node thereof in
States is: 1. An imaging pixel conprising: a photo
respoisetoansiden ligheienergyor produci ng an el ectrical signal
at a first node thereof in response to incident |ight
energy; an electrical circuit for receiving said .
ehcleririsal cisduginfer reseiving whid ?ké‘lﬂcﬁb%ﬁméﬁﬁsap‘g &t svodg ang producing
pi xel output signal therefrom and
a pixel output signal therefrom; and

a circuit path for providing a signal representative of said output signal to a second

node of said photo conversion device.

2. An imaging pixel as in claim 1 wherein said circuit path causes a junction of

said photo conversion device to have a substantially zero biasing there across.

3. An imaging pixel as in claim 2 wherein said electrical circuit is one of a

voltage follower circuit and a source follower circuit.

4. An imaging pixel as in claim 3 wherein said photo conversion device
performs a photo conversion operation during a change integration period, said imaging
pixel comprising:

a reset switch for resetting said first node to a predetermined voltage prior to said

charge integration period; and

13



a circuit path for providing a signal representative
of said output signal to a second node of said photo
w@e@ownes®inn device. 2. An inmaging pixel as in edEUS2023/026205
wherein said circuit path causes a junction of said
phot o conversion device to have a substantially zero
bi asing there across. 3. An imaging pixel as in claim
2 wherein said electrical circuit is one of a voltage
f @ldapewitordiaving 4 teaméhah ceupled o fad fisswerodeifor use with sailrelectrical
i magi ng pixel as in claim3 wherein said photo
circui¢ @O URE S h8A qgﬂ'&&tn@ﬂﬁfgﬁﬁlm a photo conversion
operatlon gurlng a change integration period, said
i magi ng pixel conprising: a reset switch for
resetting said first node to a predeterm ned voltage

i or t e i eriod: and 13

D604/ o0aaob iefee P HGs) BEIH BRI RISt Hth fele o st volrage

ermnal coupled to said first node for use with said
Potﬂ’a&LEq said st “@ich%N WHAEIhia PR HYY s spanedted betviegn said first

signal. 5. An imaging pixel as in claim4 wherein said
voltagegs@mtnsalianchsabfipt asda first voltage potential to

said first node, and wherein said capacitor is

connected between said first voltage potential and

said first node 6. An inmaging pixel as in claim4

weer ei AnSighddikEpREL a?s%tcfali}n'éﬁwﬁc&[xﬁgﬁcﬂ ?és@f swifch m transistor.

i magi ng pixel as in claim®6 wherein said transi stor

has a substrate biased

7. An imaging pixel as in claim 6 wherein said transistor has a substrate biased
by said output signal.
8. An imaging pixel as in claim 5 wherein said first voltage potential is a positive

voltage potential.

9. An imaging pixel as in claim 7 wherein a junction of said transistor which is

connected to said first node is substantially zero biased by said output signal.

10.  An imaging pixel as in claim 4 wherein said source follower circuit and said
capacitor provide a conversion gain for change flow produced by said photo conversion
device during said integration period which is substantially determined by the value of said

capacitor.
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by said output signal. 8 An imaging pixel as in claim
5 wherein said first voltage potential is a positive
waeloragopot ential . 9. An i nmaging pi xel as in PCHUN083/026205
wherein a junction of said transistor which is
connected to said first node is substantially zero
bi ased by said output signal. 10. An imagi ng pi xel as
in claim4 wherein said source follower circuit and
shld Aapaagingrpiprlayimddain dovhezeigiseid gedtricdl@ircottangeoltage
fl ow produced by said photo conversion device during
fouo“gp'hchiat egration period which is substantially
etermned by the value of said capacitor. 14 WO
2004/ 036901 PCT/ US2003/ 026205 11. An inmagi ng pixel as
in claim3 wherein said electrical circuit is a
voltage .faollower ,circuit [ ' i . '
P mn imdpind il M aby e B eI AR L B8 Llrce
follower circuit. 13. An imaging pixel as in claim12
followgheiredih sai d source follower circuit conprises: a
transi stor having a gate for receiving said electrical
signal fromsaid first node, a first source/drain
region coupled to a first voltage potential and a
skg.ondAsemagegdiailns i elginod 2 priwreidisaigl saire: ollopet circuit
signal ; and
comprises:

a transistor having a gate for receiving said electrical signal from said first node, a
first source/drain region coupled to a first voltage potential and a second source/drain

region providing said output signal; and

a current source coupled between said second node and a second voltage potential.

14.  Animaging pixel as in claim 13 wherein said transistor has a substrate biased

by said output signal.
15.  Animaging pixel as in claim 13 wherein said current source is a leaky diode.

16.  Animaging pixel as in claim 13 wherein said transistor operates in the

subthreshold region.
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a current source coupled between said second node and
a second voltage potential. 14. An inmaging pixel as
WO mooahziom 13 wherein said transi stor has a subetT/EE®03/026205
bi ased by said output signal. 15. An inmaging pixel as
in claim13 wherein said current source is a | eaky
diode. 16. An inmaging pixel as in claim13 wherein
sa{%{;r nsi stor operates in_the subthreshold region.
15 AppzipgPixebey iud2ion 3B oderas said zurmmt sowmge iop transistor
pi xel as in claim213 wherein said current source is a

conneczdgbsiperate ana eathrheesholdnefa fo@sea subt hreshol d
current source. 18. An imaging pixel as in claim13
wherein said current source is a negative slope ranp
pul se generator current source coupled to said second

nogge t %ﬁiﬁi‘glﬁ% % as fAAAR |9 Wwheldn 4 LPREL p(ﬂloxgcié %(srealanrﬁgative

as in claim4 further conprising a positive s

| se enerator for supplyin ranpj ng current to ‘
slope RIS BT HAT hFexoe el Sasosctand pidgithigugh 2 bias
pi xel as in claim19 wherein said electrical circuit
Capaqiorg source follower circuit. 21. An i magi ng pi xel as
in claim?20 wherein said source follower circuit
conprises: a transistor having a gate for receiving
said electrical signal fromsaid first node, a
19.  An imaging pixel as in claim 4 further comprising a positive slope ramp pulse

gencrator for supplying a ramping current to another terminal of said capacitor.

20.  An imaging pixel as in claim 19 wherein said electrical circuit is a source

follower circuit.

21.  Animaging pixel as in claim 20 wherein said source follower circuit

comprises:

a transistor having a gate for receiving said electrical signal from said first node, a
first source/drain region coupled to a first voltage potential and a second source /drain

region providing said output signal.

22.  Animaging pixel as in claim 21 wherein said transistor has a substrate biased

by said output signal.
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first source/drain region coupled to a first voltage
potential and a second source/drain region providing
we a00d/osaedput signal . 22. An imagi ng pi xel as iPCTUS2003/026205
21 wherein said transistor has a substrate biased by
said output signal. 16 WO 2004/ 036901
PCT/ US2003/ 026205 23. An inmaging pixel as in claim22
mggrei a reset switch couples a first voltage
patent 4} Imaging pirckasrinclamd®2 whareima résangvingh pongdes afirst voltage
in claim23 wherein said reset switch is another
poterttiahns sad Girst ndde. An i magi ng pi xel as in claim?23
wherei n said another transistor has a substrate
bi ased by said output signal. 26. An imaging pixel as
in claiml wherein said photo conversion device is a
pRat odiAgtighagiiy piRel dsTRY]RY I %’? reﬂ?saﬁ&g{skﬂﬂ% S YnbAR:
conprising a read out circult for reading an
selectively outputting said output signal. 28. An
transistokgi ng pi xel as in claim27 wherein said read out
circuit conprises: an access transistor for receiving
a signal representing said output signal and
selectively providing said received signal as an
odPput A8iigiging piscl aann claimi2dgvi sl saibanathet gamsi2r has a
wherein said read out circuit further
substrate biased by said output signal.

26.  Animaging pixel as in claim 1 wherein said photo conversion device is a

photodiode.

27.  Animaging pixel as in claim 1 further comprising a read out circuit for

reading and selectively outputting said output signal.

28.  Animaging pixel as in claim 27 wherein said read out circuit comprises:

an access transistor for receiving a signal representing said output signal and

selectively providing said received signal as an output signal.

29.  Animaging pixel as in claim 28 wherein said read out circuit further
comprises a source follower transistor for providing said output signal to said access

transistor.
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conprises a source follower transistor for providing
said output signal to said access transistor. 17 WO
wWQ@eM4H836001 PCT/ US2003/ 026205 30. An i magi ngp@i/K81008626205

in claim?29 wherein said access transistor is also
| ocated in said second well region. 31. An inmaging
pi xel as in claim28 wherein said access transistor
and source follower transistors are n-type
t 3¥hsi Jhbimaging pixgl 25 inslrimy 2] whermimbaid acessyransistor 82lso located
An imaging pixel as in claim28 wherein said access

in saitl seigidswell rafich.source fol |l ower transistor are p-type
transi stors having a substrate coupled to a positive
potential. 33. An inmaging pixel conprising: a
phot odi ode for providing an electrical signal at a

fiznst Mﬁﬂfﬂﬁggﬁ& A16h Pim! 7B wﬁ@&ﬂ%ﬁ& a&%sﬁ &&ﬂsgs%{;} &nfi gource

| i ght eneragy; capacitor having a term nal couple
foll said first node for integrating said electrica
OUOVSTIFANSISERIS PR BYPS HANSHFAF MBKNE &rsugstraty cogpled e ground.
transi stor arranged as one voltage foll ower and source
foll ower, said output transistor having a gate
coupled to said first node for producing an out put
siPgnal An igagingpixel Hon chim\A&ivhereinsatd auseputrarsisgmaind wurce
a second node of said photodi ode such that said

follovpdratedisstard p-tpdahaicbal Hayi Qutktra&ebupfidthots pES®e potential.
transi stor for resetting said first node to a
predet erm ned vol tage potentia

33.  Animaging pixel comprising:

a photodiode for providing an electrical signal at a first signal node thereof in

response to incident light energy;

a capacitor having a terminal coupled to said first node for integrating said electrical

signal during an integration period;

an output transistor arranged as one voltage follower and source follower, said

output transistor having a gate coupled to said first node for producing an output signal;

a circuit for providing said output signal to a second node of said photodiode such

that said photodiode is substantially zero biased; and

a reset transistor for resctting said first node to a predetermined voltage potential

outside said integration period.
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outside said integration period. 18 WO 2004/ 036901
PCT/ US2003/ 026205 34. An inmaging pixel as in claim 33
wobmresdosai d output transistor is a first SouPCEUS2003/026205
follower transistor and a substrate of said first
source follower transistor is biased by said output
signal. 35. An inmaging pixel as in claim33 wherein a
substrate of said reset transistor is biased by said
odput A1 igrging pixel Ayinickami Fywhiescit sad ourpwl tedrsised is a first source
wherei n said capacitor is connected between said
followdrrtsdnsRestanands iRirareRSRARI MEMHIURE FALWRE FraRALBP s Bhsed by said
37. An imaging pixel as in claim33 further conprising
8#£Jent source coupled to said second node of said
odi ode for providing a bias current to said second
node. 38. An inmmging pixel as in claim 37 wherein
said current source is a bias transistor having a
fi,pst source/drajn region connected to said second
nége, BUSHE P%Bkﬁsd’éFg’Pai?’n” Vhgrebha sehstiate effsaidreset transistor is
round and a gate for receiving a bias control signal.
biascgby sdd ounmgti signapi xel as in claim38 wherein said bias
transi stor has a substrate coupled to ground. 40. An
I magi ng pixel as in claim33 further conprising a read
out circuit for receiving said output signal and
2 S?.SC: JAYlthéﬁ,gng Pinéltds i chih B 300hAn SIDPHaciRSr R Bhi&red between
ut pu sig .

said first node and said predetermined voltage potential.

outptghs

37.  Animaging pixel as in claim 33 further comprising a current source coupled

to said second node of said photodiode for providing a bias current to said second node.

38.  An imaging pixel as in claim 37 wherein said current source is a bias
transistor having a first source /drain region connected to said second node, a second

source/drain region connected to ground and a gate for receiving a bias control signal.

39.  Animaging pixel as in claim 38 wherein said bias transistor has a substrate

coupled to ground.

40.  An imaging pixel as in claim 33 further comprising a read out circuit for
receiving said output signal and selectively outputting said output signal as a pixel output

signal.
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19 WO 2004/ 036901 PCT/ US2003/ 026205 41. An inmagi ng
pi xel as in claim40 wherein said read out circuit
W@ oUpns®es an access transistor for receiving BCEUS83/026205

representing said output signal and selectively

provi ding said received signal as an output signal.

42. An imaging pixel as in claim4l wherein said read

out circuit further conprises a second source

f 411 ondn imaging pixek asfip clagn &P wherginssidireadt puitcirsiigmamprises an

to said access transistor. 43. An imaging pixel as in
acccsﬁhﬁhsﬁﬂtéﬂfo\t\ﬁﬁ&fcﬁji? adighaPepasentiigafisd §h3futis%1rﬁl S selectively

| ocated in said second well region. 44. i magi ng

- D . I .alm 41 wherein spid access transistor
p rovuglhg%égﬁ%éé%cgé&f %:ﬁ%?rlto g nugiségtn I's are n-type

transi stors having a substrate coupled to ground. 45.

A net hod of operating an i magi ng pi xel conprising:

receiving |light at a phpto conversion device to .

pggducénamgﬁet Piye) 3 Ay slap 44 Wherehn siihieead sut syt further

devi ce; and applying a voltage representative of said
compfisassitscvaid smecafolbvee cansistoo fer pbvebng sadd vugsut sthal £ said access

nmet hod of operating an i magi ng pi xel conprising:
transi8t.ting a first node of photo conversion device to a

first voltage potential during a reset period; 20

43.  Animaging pixel as in claim 42 wherein said access transistor is also located

in said second well region.

44.  An imaging pixel as in claim 41 wherein said access transistor and source

follower transistors are n-type transistors having a substrate coupled to ground.

45. A method of operating an imaging pixel comprising:

receiving light at a photo conversion device to produce a first voltage at a first node

of said device; and

applying a voltage representative of said first voltage at a second node of said device

46. A method of operating an imaging pixel comprising:

setting a first node of photo conversion device to a first voltage potential during a
reset period;
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WO 2004/ 036901 PCT/ US2003/ 026205 integrating an
el ectrical signal present at said first node and which
w0 200abs@et ed by |ight inmaging on said photo coOPEEUS1005026205
device during an integration period to produce an
out put signal; and providing said output signal to a
second node of said photo conversion device to
substantially equalize the voltages of the first and
s dnegdting daslestricah ignpliuessne ehsaéd §rssmodd endl wehiah isl affested by light
during said integration period. 47. A nmethod cl aim 46
imagihg lonhiald SIeStR ot EdionGRN R furihg & Mt@Faol paidd ¥ brdluce an
effects said second node at |east during said
' .atiyon period. 48. A nethod as in claim47
qun#&&i é?hgonprising: sel ectively reading out said
out put signal as a pixel output signal during a read
OBfovidiRE isd outPur AeiBtdede@shd fodd &6 ﬂddﬁh%_ed'o%lvgrsﬁﬁ&' &vice to
sel ectively readi ng out occurs after sald integration

ri,od termpates. 50. thod as i,n claim4 urther .
subsefiEP Panig?sBh kritinc gt e ARE A sdBpt DiogisaP il ghoto Comversion
_subtracting said pixel output signal fromsaid reset
devicgitgaast duping wodi0@408800idRICT/ US2003/ 026205 51. A
method as in claimb50 wherein said act of generating
sai d pi xel reset signha

47. A method claim 46 further comprising;:

generating a bias current which effects said second node at least during said

integration period.

48. A method as in claim 47 further comprising;:

selectively reading out said output signal as a pixel output signal during a read out

period.

49. A method as in claim 48 wherein said selectively reading out occurs after said

integration period terminates.

50. A method as in claim 49 further comprising generating a pixel reset signal

and subtracting said pixel output signal from said reset signal.
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conprises: setting said first node to said first
vol tage potential during a reset period; producing a
WO e®an3@oot put signal fromsaid first node; appb@i/0§2003/026205

said reset output signal to said second node of said

phot o conversion device; and reading out said reset

out put signal as said pixel reset signal. 52. A nethod

as_in claim49 further_ conprising increasing the val ue

oPlsai & wiethed asinclim Tbwhetgimenid a¢tpfrasseratipgrsaisbpixd3eset signal

A nmethod as in claim47 wherein said bias current is a
compgiesswar d ranping bias current. 54. A method as in

claim47 wherein said bias current is a pul sed bias

current. 55. An inmaging pixel conprising: a doped

wedtringfsaid firstrigydectorsdidefiisuvelyagepdtentsd ddopgad resgipeniodf

a second conductivity provided in said well to forma

photo .diode; 22 WD 2004/036901 PCT/ US2003/ 026205 a

s@ INgoh Bt BPYhsignaldsem saiddBpanedsaduct i vity type

formed in said well for receiving a voltage

tial: ird d i f. saj d d .
R R e R AR —

device; and

reading out said reset output signal as said pixel reset signal.

52. A method as in claim 49 further comprising increasing the value of said bias

current following said reset period.

53. A method as in claim 47 wherein said bias current is a downward ramping

bias current.
54. A method as in claim 47 wherein said bias current is a pulsed bias current.

55.  An imaging pixel comprising:
a doped well of a first conductivity;

a first doped region of a second conductivity provided in said well to form a photo

diode;
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fromsaid second doped region; a first gate structure
provi ded between said first and second doped regions

wo 2004/08@®CEi Vi ng a reset signal and resetting sSeCTUS1005026205
doped region by a potential applied to said second
doped region; a capacitor coupled between said
potential and said first doped region; a second gate
structure provi ded between said second and third doped
r egtaomsl dopd regieotafiseidlsegonsbenmabicanity oypsdodméd s said well for
doped region; and an electrical path between said

receivid¥ £ dol te@@lon and said p-well for causing said
g%%to g%%ﬂg)to be zero biased. 56. An inmging pixe

conprising: a photo conversion device for producing an
eh elaird dopéd siégimabf sfid secbhdsbndodivityngpe 6drmeal inrsakipeels end spaced
to incident |ight energy; a current source connected

ﬁonl&ﬁi&Q%nEQﬁgggr dg. of said photo conversion device,
for rmalnt iniﬂ% a’ zero vol tage bias across said photo

conversion device; an electrical circuit for receiving

saffiestgatcCithictdde rogdad batweaisdid firssindedenddped regions for
produci ng a pixel output signal therefrom and 23 WO

S R L S

phot o . canversi on devi ce.
second doped region;

a capacitor coupled between said potential and said first doped region;

a second gate structure provided between said second and third doped regions and

electrically connected to said first doped region; and

an electrical path between said third doped region and said p-well for causing said

photo diode to be zero biased.

56. An imaging pixel comprising:

a photo conversion device for producing an electrical signal at a first node thereof in

response to incident light energy;

a current source connected to the second node of said photo conversion device, for

maintaining a zero voltage bias across said photo conversion device;

an electrical circuit for receiving said electrical signal at said first node and producing

a pixel output signal therefrom; and
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57. An imaging pixel conprising: a photo conversion
device for producing an electrical signal at a first
wmoae/0sdeer eof in response to incident |ight ePer/yy2003026205

| eaky diode with a plurality of traps connected to the

second node of said photo conversion device, for

mai ntai ning a zero voltage bias across said photo

conversion device; an electrical circuit for

I QC@IMIttS BbrhrobRiadg datdbupugBignabio S&icdnd inbdt ofiedé photo

and producing a pixel output signal therefrom and a

circujt. path for providing said output signal to a
CoOnvVRIRBNY %de of said photo conversion dev?ce. 58. An

i magi ng pi xel conprising: a photo conversion device

for producing an electrical signal at a first node

thereof in response to.incident |ight energy; a

st hr YhBPRBIRE PPEhEOBISRE connected to the second
node of said photo conversion device, for nmaintaining

a_zarq vol bj al.d p [ -
3P0 b8Py 08 15750, ST 8y e shereoin
electrical signal at said first node and producing a
respopps &P IngifopG 1igBY ¢EBYst her ef rom and 24 WD 2004/ 036901
PCT/ US2003/ 026205 a circuit path for providing said
8%@{%@3'8 ¢ glg%t a(c)gl%raﬁl%(r: oF gra[r)]so éjoenn%fctc%iatlo%g 0%%d node of said photo

conversion device, for maintaining a zero voltage bias across said photo conversion device;

an electrical circuit for receiving said electrical signal at said first node and producing

a pixel output signal therefrom; and

a circuit path for providing said output signal to a second node of said photo

conversion device.

58.  An imaging pixel comprising;:

a photo conversion device for producing an electrical signal at a first node thereof in

response to incident light energy;

a subthreshold current source connected to the second node of said photo

conversion device, for maintaining a zero voltage bias across said photo conversion device;

an electrical circuit for receiving said electrical signal at said first node and producing

a pixel output signal therefrom; and
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59. An inmaging pixel conprising: a photo conversion

device for producing an electrical signal at a first
wmoaa/osdeer eof in response to incident |ight ePer/gg200&026205

negati ve-sl ope ramping current injector connected to

the second node of said photo conversion device, for

mei ntaining a zero voltage bias across said photo

conversion device; an electrical circuit for

r et eirinpat fpupeividing s lougpufrrgnad to 8 acabnidi marde oftsdiel photo

and producing a pixel output signal therefrom and a

conversigildéviggat h for providing said output signal to a
second node of said photo conversion device. 60. An

i magi ng pi xel conprising: a photo conversion device
for producing an electrical signal at a first node

thﬁjeofAhﬂnagﬁggﬁﬂﬁ%o nhﬂ jdent |ight energy; an

i ntegrating citor havifg one term nal connected to
said first node, for storing said electrical signal;

a PPlsdtol coRvelsdRed dvakiFb N rdecin@ tn életﬁ@il%[grfé.P ANLhtse ﬁoH@ thereof in
the second term nal of said capacitor,

ol tage bias across sald phot o
ICSP‘{:B%%%?%%%’Q&@}?%@%B WO 2004/ 036901 PCT/ US2003/ 026205

an electrical circuit for receiving said electrica
S| 0R@latité-sRpE Farhpingl cRAR irfRLoPESHCERBro the second node of said

photo conversion device, for maintaining a zero voltage bias across said photo conversion

device;

an clectrical circuit for receiving said electrical signal at said first node and producing

a pixel output signal therefrom; and

a circuit path for providing said output signal to a second node of said photo

conversion device.

60.  An imaging pixel comprising:
a photo conversion device for producing an electrical signal at a first node thereof in

response to incident light energy;

an integrating capacitor having one terminal connected to said first node, for storing

said electrical signal;

a positive-slope ramping current injector connected to the second terminal of said

capacitor, for maintaining a zero voltage bias across said photo conversion device;
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a pi xel output signal therefrom and a circuit path
for providing said output signal to a second node of
w@e a00d/ogpdeot 0 conversion device. 61. An i nmagi ngp@i/K81003/026205

conprising: a photo conversion device for producing an
electrical signal at a first node thereof in response
to incident |ight energy; an NMOS source foll ower
transi stor connected to sajd first node of said photo
coHvelrerisH arspitder raceivingesaisl ¢lectaicalisigal atf saishfissaindde and producing
phot o conversion device; an NMOS sel ection transi stor

a pixeloourpot sgnilahsaifidnyMad source fol | ower transi stor
for selecting said imging pixel; an electrica
circuit for receiving said electrical signal at said
f i gfcuifaepsh dapipfsvisiing ssd ougpysisigsial bt pesonsli rgr of said photo
therefrom and a circuit path for providing said

converdiomudevidegnal to a second node of said photo
conversi on device. 62. An imaging pixel conprising: a
phot o conversion device for producing an electrica
signal at a first node thereof in response to
i gy de i - 2004/ 036901
ngfusg%bg?%ggéggéigﬁng source follower transistor
connected to said first node of said photo

a photo conversion device for producing an electrical signal at a first node thereof in

response to incident light energy;

an NMOS source follower transistor connected to said first node of said photo

conversion device, for reading a signal from said photo conversion device;

an NMOS selection transistor connected to said NMOS source follower transistor,

for selecting said imaging pixel;

an electrical circuit for receiving said clectrical signal at said first node and producing

a pixel output signal therefrom; and

a circuit path for providing said output signal to a second node of said photo

conversion device.

62.  An imaging pixel comprising:

a photo conversion device for producing an electrical signal at a first node thereof in

response to incident light energy;
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conversion device, for reading a signal fromsaid
phot o conversion device; an PMOS sel ection transistor
w@eomaested to said PMOS source foll ower transiBtDU$2003/026205
for selecting said imaging pixel; an electrica
circuit for receiving said electrical signal at said
first node and producing a pixel output signha
therefrom and a circuit path for providing said
oATpRAMCAY sptKe folloyvos drapsiatonsaneTed £ srig fisttarode of said photo
conversion device. 63. An imaging pixel conprising: a
convphiohodeviney frrstading@sigial from aidphicion®nadrsfie8dwdsal
signal at a first node thereof In response to
incident |ight energy; a biasing transistor operating
atanstMQhcdesttiondransisedr comacaod te s1id PMO Sasarcofodloned eransistor,
of said photo conversion device, for maintaining a
for sdletioghhiasinginspixéi d sub-threshold device; an NMOS
source follower transistor connected to said first
node of said photo conversion device, for reading a
siagreddctficad mirsait forphotivingsnideds il sigualca;saidfitMidide and producing
sel ection transi stor connected to said NMOS source
a pixélQJu'qlﬂﬁesﬁ ol ANGLRERE andf Or sel ecting said i magi ng
pi xel ; f% WO 2004/ 036901 PCT/ US2003/ 026205 an
el ectrical circuit for receiving said electrica
siagirahit piatts fircprovidialg santieumnd sighidiecd #@ond node of said photo

conversion device.

63.  Animaging pixel comprising:

a photo conversion device for producing an electrical signal at a first node thereof in

response to incident light energy;

a biasing transistor operating at sub-threshold level and connected to a second node
of said photo conversion device, for maintaining a zero-bias across said sub-threshold

device;

an NMOS source follower transistor connected to said first node of said photo

conversion device, for reading a signal from said photo conversion device;

an NMOS selection transistor connected to said NMOS source follower transistor,

for selecting said imaging pixel;
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a pi xel output signal therefrom and a circuit path
for providing said output signal to a second node of

wagadd/opévoi 0 conversion device. 64. A nethod fBCT/US2003/026205

operating an i magi ng pi xel conprising: maintaining a
zero voltage bias across a photodi ode contained within
said imaging pixel; resetting said photodi ode;
integrating an electrical signal at said photodi ode in

I % PRAGR ak QrduftCiod eddeivin@btid clebeicalysigiabatliaid fiesttnodleiadd producing
el ectrical signal; and producing a pixel output signa
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a circuit path for providing said output signal to a second node of said photo

conversion device.

pixel;

64. A method for operating an imaging pixel comprising:

maintaining a zero voltage bias across a photodiode contained within said imaging

resetting said photodiode;

integrating an electrical signal at said photodiode in response to incident light

energy;

reading out said electrical signal; and

producing a pixel output signal from said electrical signal.
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