31 January 2007 PIXEL SENSOR WTH A LOWDARK CURRENT
PHOTCDI ODE FI ELD OF THE | NVENTI ON [ 0001] The invention
relates to a techni que for suppressing unwant ed

thermal generation of current, and barticularé¥ to 2007
t he suppression of thermally generated dark c o Liiakd

in a pixel of an inmagi ng device. BACKGROUND OF THE

I NVENTI ON [ 0002] Dark current refers to an undesired
signal generated by a pixel of an inmaging device even

A S e ST

generated dark current in a CMOS active pixel inaging
devi ce presents problens in many i magi ng applications.
For exanpl e, sone autonotive applications require
stabl e pi xel performance at tenperatures ranging

bet ween 60 and 80 degrees Cel sius. As tenperature

i ncreases, dark CRRISMOF THERIMVENTIOMSES.
Additionally, sone digital still cameras require

[0001] ncr 3w ingtnticroredpees ot eghakjuo fot suppsessinig wiwaittdwsermal
for higher sensitivity agai nst photo current.

gcncra?ﬁ:ﬁedﬁrunchﬂ%ddy&?(ﬁ;&%ﬁhﬂéfﬁia fl_fcf‘/sqggfdsﬁﬂn of @Ecﬁllfkﬂlg QRREd dark

e sensitivit nerated dark Current.

Consegiucgn{.l?%, a .negg .exists for a circuit which
current g BHACS ot ML AR SEYI6T of thermal |y generated dark

current. BRI EF SUMVARY OF THE | NVENTI'ON [ 0003] In one

aspect, the invention provides an imaging pixel having

a photo convgﬁﬁm@égN&Ofom Hdlfﬁ%iﬁlg(a el ectrical
10002307 PRl Fles 295 WSS il BERBIILy il San imaging
device even in the absence of a light signal. One source of dark current is thermally-
generated energy. Thermally gencrated 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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i ncident |ight energy; an electrical circuit for
receiving the electrical signal at the fast node and
produci ng a pixel output signal therefrom and a
circuit path for providing the output signal é a
second node of the photo conversion device. Th 9JamaW2007
circuit path produces a zero net bias across the
phot o conversion device to reduce generation of
thermal ly induced dark current. In different

incidemmiighti amergys an tebee trddad circuic fdr recaidng ttheralectrzabsignaltan ghe first node
follower circuit or a source follower circuit. [0004]

: ' | R f
ot BB M S0 igh 25801 L S8 gt o

. a phot o ,conyersion,device tQ reduce ermal |y induced

signal fp, P RCCaRg il of the PGS FANEINED dFdos  LBE e pat Armtses & zero
of the invention will be better understood fromthe

net bigs aktosnthphietoaionydrsitasdeviqet tooaduts génaratign of theehally induced dark
connection the acconpanying draw ngs. BRI EF

currenPERCRIART N rvbodilffenbRANY Plerlc@08Rhidhay bé'al v‘brl]ﬁgc follower circuit or

schematic diagramof 'a first enbodi nent of the
igygntion' .{0006] Fig. 2 is a schematic diagram of a
a source SOURRCEHEGHF nent of the invention: [0007] Fig. 3 is
a cross sectional view of the photodi ode shown in
Figs. 1 and 2; [0008] Fig. 4 is a schematic diagram_
[0004bf ~ a Inanethes atpegk,thatihvsntionprovidens mathod pfopogatingp pixel cell to
4A is a schematic diagram of the |eaky di ode of Fig.

providé a ZeB9BR} abrioss a phbfo eorfehtdRiedcdicidate iermallpundiiced dark
enbodi mrent of the invention; [00111 Fig. 6 is a

currenf.. THER ot SR8ty 20ty 8F e b gon Wif bg bereer

schematic diagram of a sixth enbodi ment of the .
understeacd: frompthe 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



[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 diagramof a

PMOS i npl enentation of the read-out portion of,the

i nvention; [0015] Fig. 10 is a schematic diagrgﬁfﬂwagzoo7

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

s, a timnpg diagramof the circuit of Fig. 10; [0017]
[Uoi:f]g. 15 415 sehematiccliagram ofp drthpmbadimennof the iawention;

of Fig. 10; and [0018] Fig. 13 is a further enhanced

timng diagramof the circuit of Fig. 10. DETAILED
[00THSCRI Bigl ONs DbchEniatic M4 nOTARDS hinplehdrthticd betRSread-out

a pixel cell 100 in accordance with a tirst enbodi nment
portifn &f¥he ihvRAEIdHI on whi ch conprises a phot odi ode 104

havi ng a chargé accunul ati on node A connected to a

reset switch transistor 108, the other side of which

i,§ connected to a .pofential rce. VDD, a capacjtor
[0014}, vo! ‘So% ﬁ%%f‘&&"‘&&?xﬁ@&ﬁ"ﬂ&tf@sl%%%@?@ﬁﬂ%ow&e &gead-out

VDD, and an output circuit 120 configured as a voltage
portog| ofghe inveotiphed to node A and providing a pixel

out put signal. The circuit 100 is an operationa

anplifier 120 having a positive input connected to
0015¢de /FignId & IRHSMLME di gpﬂﬁ @f&%& %fgﬂﬂ' fihédntion:
[ 120 ou?put, mhi?ﬁhygdg SO gggp e H?gm%%ghgﬁ e o cgﬁ@hﬂon,

phot odi ode 104 opposite node A. 3 31 January 2007

020): Wi reset transistor 13 e mddle
[OOIE?r owFslg}gfr]lr1HLeélg§%$§§rang€&5rf“fﬂ ojngﬁg'tﬁg transi st or
108 between its source and drain (known as a bul k

0 ?lﬁbst rFate]z has an electrical connection wred
[001¢ e oifig- L2vsppenbanesd nming diegtsm of thegtcnittof Fig219;and

driven by

[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 Cpyg, connected between node A and potential source
Vbp, 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.



the differential anplifier 120 follow ng the VP, XEL at
the node 116. Unwanted thermal current is reduced by
bi asi ng zero volts across the photodi ode 104. Although

the capacitor CPIXEL is shown connected to VDQ it 2007
coul d al so be connected to ground or a vol t age S8RMEY

ot her than V00O. Since the applied voltage across the

phot odi odc 104 is always kept at zero volts by the

(fferential anplifier 120, ‘the capacitance at the .
(0020} odi%@&'léu‘ltb& IERSE Erapgistor 89%-: Wumc@“q yrewsigniBesghat a portion 112
conversion gain. Therefore, the conversion gain of the

of i gansistor 108 thictwéen itesopeteyartbd@bakiravibys 4 belk\sabsteatef has an
CPlI,EL. [0021 ] The circuit of Fig. 1 operates as

 electtal @¥hectiBf vﬁP&Fﬂ-@‘r&B?(g% lt%(%éfg@?ﬁ(r)%/ %%E@#'gﬁpgga& 112 is driven by

initiallzed to a reset

‘ r.ansi st or 8, this value is selectively__read

the WERTTRRL SopkRe LA Eatiopvias itV s o theonoder) B2 Minpranteshthermal
hold circuit. After reset, the photodiode 104

currentds oebiccelibyi biasing atredrotisatgss dhegstdtodiodeddit, AMhbsgh the capacitor
is stored on the capacitor CPIXEL This too is

Cory S Gb S5 4 | CjLeuit
GBS R B85y OB . BB LA o e soure
at, zer,0 during, the reset and charge integration
Othcﬁg?arno BDp "’ccﬁghﬁ a?ﬁ?)llffi ‘EﬂﬁtaSﬁ acrPst #’&&é“qt i is always kept at zero
anplifier 120, which is coupled to the backside of .
volts ethetdiffortindidbaraplificrt124), thescaphtiears de tiepplastodiodeor®t docs not

Because the junction of the photodi ode 104 is

contABh 1 @2 Har J@fn%cﬁﬁ)r{‘gaglg.eggrﬁtgféﬁnhé %&Wﬁésigexg g%.p otf{lﬁ% Fig. 1

phot odi ode 104 to gene curren
. substrate of the reset transistor 108 al so receives
cucufﬂéf%ﬁaﬁl%t%f“'{‘%[’&ﬁ‘m Y"&‘i"e?fs ©pge 4 31 January 2007
[0023] In this way, all junctions connected to the
integration node A of Fig. 1 are =zero biased, so that
(0028 her melhe eieduavef Fig. 1 lopemivgs s plivwes sTHe nadd A pinelatdlitage Vg, is
hi gh conver si on
initialized to a reset voltage through the reset transistor 108, and this value is selectively
read from the QUT 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 Cpyyg;. 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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gain and therefore high sensitivity are achi eved
because they are deternined solely by thé gain
capaci tor CPI XEL [0024] A second enbodi ment of the
present invention is shown in Fig. 2, in which ? 2007
source fol lower circuit 212 is used in place of' VH&EY
voltage follower circuit 120 of Fig. 1. The source
follower circuit 212 includes a zero-threshold

[0023] ansilntthis w234 alt funceiohe dotreceed wuthe émtegaamioncrod0A ofifig. 1 are
has a gate connected to node A The pixel 200 differs

fif t j P ; f fe4d; jof ;
2ero PR, sORhab UL nalliCthop® i dlcby 3appsie, RLAGRAIY, bigh conversion
LW ed.arpund and tied tp, the back side of the,
gein g Eherefoe highascomivisy eie achicued becalithey ardgsefined solely by the
phot odi ode 104 is still kept at zero, this tine by the
gain gapaciter Cakdower circuit 212 which has an out put
coupl ed to the back side of the photodi ode 104 and to
the input of the buffer anplifier 216. The

[oozafr 0- tA1§R6AQ lcthBddihehSb60the PRdchbmvantidk RsRowh kg a@lsin which a
of zero, so that the source follower circuit 200

I S _DL.OVI out put vpltage to.,the ck side. gf. - _
sourdl AXRePOENCED BB In BBt Abife It M S G0 o Fis. 1.
at the node 220. The transistor is held at a
The souree followen sireniny 12 dmaludsisiai ase0-thrsshold wransigtor 204 connected to a
concentrati on beneath the gate of the transistor 204,

currenbsGilrct 2081288 Haba\WareeSorirErRditdRlode it THE Fr]:m'Elﬂ 200iffére from the
of the transistor 204 1is connected to that

pixel 8RBl Sl 1RisPROT wiich iR -BR s ouepur
held in the source follower circuit 212. Consequent lﬂ}x/’
wrappecbaroggdrasd ticg) toghe bagk side iof thriphasgdiogieifds Kesysver, the voltage

zer o- bi asi ng across the photodi ode 104 independent of
acrosg e FRoaRGdRCADIN sall kepr A URFL, (thiRtim® by the) sitaé YolRAWEE circuit 212

[0025] Fig. 3 shows a schematic cross section of the
whicl h¥€in ggt%uit @o&pl%g T SROBEG e 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 phot.odiodc 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 climinated 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.




substrate. As shown in Fig. 3, the photodi ode N+
charge collection region as well as the gate of the
transi stor 204 and the drain of transistor 224 are
connected to the integration node A In additi th
drain of the transistor 204 provides both an oa?ﬁﬂwaW%007
the buffer anplifier 216 and is also connected to the
P well 305 by a P+ region 304 provided in the P well
305. The P well 305 fornms the back side of the

[00287 ot oBigod sidws a IthenRticeirdss 36&idnsof thepixd 260 inhesemiconductor
N-type substrate. In order to inprove sensitivity of

subsErEFct 2% qv'nq %1&0.?11 thgga(i’la Rtodi8HONY &fa'r JcalfdcBidh &E@t as well as the

nt concentra ion beneat

@E&e&%é%%‘?o&ofhar ORI a—

concentration region 306 are gathered into the N+
nodcAadgeddiciong ché drain ofj thentrinsistor 204 pravidegibioth ahgmtput to the buffer
process. [0026] The arrangenents of Figs. 2 and 3

ampif Q18N i9 HlsH ¥BRAREGed 86 Uit PREELISBOEDY 8 Fy rebidiCa04 provided in the P
Al'though Fig. 3 shows trench isolation regions 303 and

e 3 T SIS0 i T S, i e 205

The trench isolation (STlI) regi ons 308 and
formgd Dnathe N-oypresitbissratet dini ongentst improve sestsitivity ofithe phegpdiede 104
with an insulator such as an oxide, which assists in

under%ek%;hﬁﬂ% Q8s NG BRI the ddaritontédbirici bédtath thc

transi stof 204, the n+ drain region and the p+ well

o T AR i A

the source follower circuit 212, follow ng signal
in thr. dma gontenuration regionci{iaatctgatheded iED. ‘the N+ pharge seljectionaregion by a
wel |l region 304 acts as a guard of the photodi ode and

carti lsd,ﬂ{,glgﬁgr@&sg_he voltage follower anplifier 120,
ence the term"guard drive" photodi ode. 6 31 January

2007
[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 STI
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.



[0027] It is desired to keep the current flow through
the current solurce 208 as small as possible to
m ni m ze i mage power consunption, as one current
source 208 is needed for each individual pixel, Thus,
for an array of one million pixels, an overal | 31January2007
current. consunption of 1 mA would require that the
current be less than 1 nA/pixel. Therefore, an
[0022hui vt iemdesirabsiositeap abe ofrremyiow ithr@@gh the eextent source 208 as small
However, it is difficult to achieve such high |evels

as pofblE 85 hithARiZe lﬂéﬁw&vﬁﬂsﬁﬁﬁggp{/ﬁ&t é?frrclrx‘ﬁtsgﬁlicélﬂ)S is needed for

such as diffusio ayers or Icon |ayers. To
addr.ess th oV robl ens,. Fig.,.4 sho a pix

cach B oS, B Tor 4 Steey PEARE SIMPBPHSE, oR P B FgTens
| eaky di ode 404. The trap density of the di ode 404 can

consumptiomof tasé dvdwd raqmireathanthet duercamba ddss diamk of/glixel. Therefore,
impurities or traps 440 contained within the junction

an eqivalch® rdisifRe $P vt QY9 id ﬁ@d‘cﬂ?‘ﬂ&ﬂcvc}“ﬂk haifitulttohchieve such
affects the reverse-biased current fl'owm ng
. her et.hr pugh, as shown.in Fig. 4A Begcause of. 1he ver
high leyls heFOREANSE WithanD Eational sesdbror massmals st at figsion yes or
408 is operated in its sub-threshold node, in which
polysiliben {dyerss bBd addrodstthg abd®ie, problems, Fig.)4 shewsanpizel airdulir 400 having a
i ncreasi ng tenperature. The source foll ower

currefy’ s'i‘ﬁ?ti;csﬁlghg g&%m ofh ‘f&ﬁq‘&foe&é ‘FO(;@ The Era? %ngiﬁt\gf the)dioll€ 404 can be

descri be a zero-thresho transt stor en in

. actyality its threshold voltage is, nmerel y | ow. .
increage B e Eamne Dl ATARAN i P AFEL RDUTHE® G Giabs 380 Eontalfied within the
increases with increasing tenperature, this has the
junctiehfof ¢he diodeckdsditring fabrinariong mldcha initwn défpets den peyeoie- biased
the zero-threshold transistor 408. [0028] A nore

currcﬁ%@%&c%oﬁ%%} Bj%hb%‘i%ﬂ Hp ofle Redause of BRNEr) Towashount of

ere all rtions of a”substrate 448 except an
rcvcrsn;pé%g Iﬁﬁ?rgﬁg élag %ﬂ%pﬁgt\é? Flﬁg é%?x%{%%ﬂf&gﬁ rsﬁé-: ;B.Frét ﬂéldc'i r%rcl)gc, in which
inpurities or heavy netals. This inplantation gives
the thrésfiold wltage dagsr(oF Vabl decarsseswith inatedseng temperatnegs Thé Gource
in the diode 404, 7
follower transistor 408, like the transistor 204 (Fig. 2), is described as a zero-threshold
transistor when in 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

offsctting 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 risc to a controllable amount of defects or traps 440 in the diode 404,



31 January 2007 which has the effect of allowing a
quantifiabl e anount of |eakage current. This
controllable Teakage current is used with the out put

of the source follower transistor 408 to zero-?L?s 2007
t he phot odi ode 104. [0029] Another way of genePatqdg”
current for the purpose of maintaining the photodiode
104 at a zero bias is shown in Fig. 5 where a

rent sourc. 4 is used,within the_ .
whigh Baf U ORCE of Ak AR ebRaPl ematoe S Hakhee oo T controllabie
i errgl oys a gate- grounded short channel MOSFET
cakage cufrentgs Uses)withthe oumputcofshe source fliovnr transisher 408 w zero-bias
threshold transistor 408 of Fig. 4 in that the

the phatsdisd®©10408 i s al ways subject to a small anount of
channel current, in the range of several pA to several

nA. This is true even when Vcs is zero. Conversely,

00R2OF Oalagnuel : nsi st or 4 . s.not
[ subj ect 10 &un&a%nﬁ ggéa'ﬁlg%ne g'tﬁ‘é%ﬁpu&m\ﬁ {ngiffamning the
h F{iﬁgel iﬁg this stapility has the effect of offsetting
phofggiode F0T at 2 zeto bfass shewndn diig + hevhare asubdweshodd current source 504
. Al though the pixel 500 does not require special
is used ociein the ppe] cituitS06 Thesubrahokdleirrimtidlrce 504 employs a gate-
transi stor 504. [0030] Fig. 6 shows a pixel circuit
G AWRLA SR [ at. differs fromthe
gro pi xel s 400 an% Igg)d‘ in tﬁﬁg]sc})? §g&£me§lscWF&8r to the zero-
injectian r er..than cyrrent sources 404 and 504 to
thre3t 1 Hansitor ADIHE HiBcH iithat oar ranssser 408 scabwapsbgact on a smal
a negative-sl ope ranping pulse is applied to a

amogapetihancbagrenhinaheirangd ofehead] pA thhevegalaiAl MRS true even when
(backside) of the photodi ode 104. The ranpi ng pul se

Vs IE QER. %SEY%%%QQS %g{cr g:‘?)tun\ﬁgﬂ o el F3RLSH 504 250t subject to

sus - Ce
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 t'hat differs from the
pixels 400 and 500 in that it uses ra:ﬁping 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 cxpressed

as

IBIAS = Cnms X dV/dt . . . . -. . . (1)



31 January 2007 [00311 Recent advances in CMOS
capacitor fabrication techniques have increased
uniformty reproducibility of capacitor yields. This

in turn increases the accuracy of the bias currgnt 2007
control of the pixel 600. [0032] Fig. 7 shows ZhotHaY
pi xel 700 which generates bias current using a ranping

el ectr of the, capacjtor,

chni re the e.
(003 R Rkdncknp LRIGS epasith febfishion tehorbies havincreased
.4 nstead of VDD as in the prior enbodi ments. The ot her
uniforrpigy eppreducibilignpf capagitoryiclds Bhiatin turflifcicase i hatiriay of the
the substrate ground. A positive-slope ranping pulse

bias édrentscanpivliofehd pixkhspgzapaci t or CPI XEL during the
integration period. Due to this current being

i njected through CPIXEL, the voltage at the

00Nt egrit,i e, the quard node 708 ,
(003 aee,” anBRe ndibe: KRBT A BARY asherdéhfe Pty it a ramping
hi as rrent which can be expressed as 'BIAS -

techigpe | Elgsc theiypprr cloorrodeef shovmacionrCagg isivonitectteht 2ramping
capaci tance between the guard node 708 and substrate

pulscgrncrdror 304 instedd of ¥, pafihiche praFRiNbddRHESS. THR other side of the
respectively. Because the positive slope ranping

g | ] o I he substgate.. no .
rempElip e fiterator 700t BB he Yub Rl Guplndl A Bafiiggflope ramping
ul the si gn l‘f iu}egrat,ed in the photodiode 104, it is
PUSC {8 & P@‘ b tefPacHaftCrepridng she wegmtion periothe Due to this

arrgl_ifi_er 216 shown in prior enbodinents. In Figs. 8
currenh bieidg infeti8daheouphios, golthesolagt av@icSin&fari3Pdodd' 12 (and hence

sel ection transistors 808, 908 are wused to select a

the ghfAhdUd | hopal.. &he.source fol | overs 804,
© g[504 are T%@g?g%él&%“g gl IF1 NS TRTRMS P P%@Eﬁ’ﬁ“ﬂcﬁﬁ fieutrent
hot odi ode 184 so that they don't affect the

which ¢30 BePEIESSSd A%y act er i st | cs, which reduces noise from
t he readout conponents. Because the source

s = Cugresun X dv/de . . . . . : (2)

where Cygy, suyp 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 2, NMOS and PMOS source followers 804, 904 and sclection 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




9 31 January 2007 followers 804, 904 act as a voltage
buffer, there i's no |l onger any need for a separate
buffer anplifier 216. [0034] Fig. 10 shows a pi xel
1000 which utilizes the subthreshold bias curr 515 2007
source 1004 sinilar to that shown in Fig. 5 if' “@aY
conbi nation with an NMOS readout circuit 1008 simlar
to that shown in Fig. 8. Because the source follower
transistors within the NMOS readout circuit 1008 act
folloderso8 04y A0A0LRt Ay h Wekaget isffer, iherad melongtoinyendudf foen separate buffer
anplifier. [0035] The sequence of operation of the
i 1000, as well as all of the pixel enbodinments
mP%é%lg’present i nvention, can be divided into three
basic periods: reset, integration, and readout. Fig.
11 sh the timng of e.circult of Fi 10. At.
[003@ 0, Higel0 shaws a piel ls%@] W‘%q#e\l@ﬁfs %w&hgthffsgw@%‘éi current source
pul se to the reset transistor 1012, while the
1004sihtihar es dedtdhowaris Fig. &rinl@idbigeten stithsaraNMOSt readowsi Gecuit 1008
current with a constant gate bias. Supposing the high

similé:ﬁ?ﬁfhm?g%\ﬁlg tx‘i FRES, MHciGsel the @Buﬁc‘f@il&@%ﬁ@istéﬁ%ldﬁg the NMOS

age at®the Tntegration node 1016 and als

at the guard well of the photodi pde 104, can .t hen .
read QRIS Sactan o voliage DpRLIRere oo nﬁﬁwﬂ%wq%f-
[0036] The reset voltage on the photodi ode 104 is read
out through®the transistor 1024 and read out circuit
[0035008 BTheageauicnet dfopeodtion eftheqtikad il 000ganwelbas ali of thepixel
read out circuit 1008. At t=t1l, the signal

embbdihRAHSSf B PHEREE FchBoN S be divRlcdGhiPdRedbasid'Beribdy: deset,
wel | of the "‘photodi ode 104 decreases as VPI XEL

. __decreases, thus Jmintaining a zero bias. conditi

ince S aRaVEIde: 216 niiopoua SBRE ofRbf EERER Bt Fig 1D, At cr0, the
integration period, at t-t2 )

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 V), the voltage Vg, at the

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

as follows:

Veer = Vp - VTHRESHOLD.IGM . . . . . . (3)

[0036] The reset voltage on the photodiode 1704 i§ read out through the &amhtor
1024 and read out circuit 1008 by application of a selection signal SEL to the read out
circuit 1008. At t=t], the signal integration process is begun. The voltage of the guard
well of the photodiode 104 decreases as Vpiyp, decreases, thus maintaining a zero bias

condition between Vg, and the guard well. Following the integration period, at t=t2

10



10 31 January 2007 another select pulse is applied to
the readout circuit 1008, where the output-voltage is
then read at the OUT node. In order to achieve
correl ated doubl e sanpling, an offset signal
readout again at the next reset period t=t3. 31 January 2007
Subtracting the offset signal fromthe prior readout
si gnal suppresses both the offset variations of the
anoghiey sqlegy rm‘ﬁﬁéﬁ applist totthe resddotcircuit Q08 twherh ke ontpuswoltage is then
noi se readout inmage can be obtained. [0037] To reduce

reaconwhe OWUE nodes URWrd@ntctdchidve coirelattd ddHI sarhpln ) doffset signal is
current passing through the transistor 1004 is kept

' : er, oi.n Q s, t.he effec .
reacpe g ac A% A RUBL BeridP TS SybitPertte PO BRu hifn o e pricr
i ncreasi ng the duration of the reset period. To
readopt signal suppresses bpthethesoffsgt yariagiens of Hispixd @ndmaiseofthe acadout
of the transistor 1004, as shown by the BIAS line in
ciraufit. gThds a 16W@dEe réadowdifmage cie be btaigdt] reset speed, a
transient bias current can be used at the beginning
of every readout and reset operation. As shown in Fig.
, atrd; T =11 . €.l Stu: .
(0037, oF® iseeh Bolt £he Pohsslrlybo:offtog cbdic RUORT U bjes current pasing
sq, that the voltage of the

sho by the S, line, ) I

thmb&ém‘ E%Q#S‘?fsﬂ@jﬁd@at assalbasppssible. ddpweven deing soshkas the effect
transitions |ow, the zero threshold transistor 1024

of redniingsh¢ bpeed wdithie gaidd d&fve aperidun ambhivic pdbingeahd Giraion of the reset
that the voltage of the guard well 304 increases )

peridd, 16 nBRinike #sB24EQsLpulid R3Bplicd %%%é%m@?ﬁ?é tf8hidBP1004, a5

pi xel output wth an'} i C , as S

b t.h ine SANELE. in Fig. 13, results in an output
Shoq{@hﬁcwgebboduci bility. One advantage of

such operation is that | ower power consunption is

achi eved than the bias current nodul ati on nethods of

[0038] gs. To inprovavsdoat andeesshspeed putransiondils afrrédteahibesused at the
pul se.
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



11 31 January 2007 This difference is readily apparent
by contrasting the pulse width on the BIAS |ines of
Fig. 12 with that shown in Fig. 13. [0039] Wiile the
i nvention has been described and illustrated mgﬁg 5007
reference to specific exenplary enbodinents, it @M@y
shoul d be understood that nany nodifications and
substitutions can be nade without departing fromthe
spirit and scope of the invention. Accordingly, the

This diffeeeride A rdaslily appdrentlsy comeisdag ehk palst widtheon kye BBAS lines of Fig.
foregoing description but is only limted by the

f pended clains. 12 13 31 January 2007

12 “@E&B%ﬁéﬁf&&% ﬁg'aigg:lglng pi xel conprising: a photo
conversion device for producing an electrical signal
from jncident i at fi.rst node thereaof, i

(0039} poNERUS Ehe iusnsic it desrsitsg "’cﬂ&fﬁﬂH{;‘“‘o{“&l fayteference to
i ntegration period; an electrical circuit for o

specifie eximplary embadieleats, it shwuld bg naticistoashithat manytmadifisations and
and producing a pixel output signal; and a circuit

subst@tiBnd in BE ﬂ'}ﬁ'dg iuﬂ&ldiltﬁlggﬁ‘l@inlgr PHhehe Rpidfang s@(f)péféf the invention.

I magl ng pi xel out put gnal” to a second node of said

ot onversion, device, sai.q ci,rcuit, h,signal . _
Accolipga i Fycanar i do% o i%gwpwlaaes by ¥ Bfgping description
phot o conversion device so that there is no current
but if bnly linkitadi by teascdpelobtivd appended cimsievi ce.

12



2. An imaging pixel as in claiml 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 claim2 wherein said

electrical circuit is one of 13a voltage fol | ower 31January2007

i{fpg§t and a source follower circuit. 4. An imaging
%_V_I Xe

as in claim3 wherein said photo conversion

devi Ge fMlﬁl%g%ﬂ%rﬂ]?é‘l 1%lénfuggreset switch for

resetting sai a predeterm ned vol tage

d cha t
G apadiitBlo Faly FRIPAS Gierfoh Bod0E g Ra el SEHR] fam apoiggident

for use with said el ectr| cal circuit in integrating
inyagadlatet sty nestel theteghan respansefsl weidephlighhansrgy daring a charge
January 2007 5. An imaging pixel as in claim4
imbgagompearidgd reset switch couples a first voltage
potential to said first node, and wherein said

capagh tePletrical eRANE Ere@cdifingRaild cls@tibalfdigrial avedilaust node and
potential and said first node. 6. An inmaging piXxel as

pl;ﬂi %‘1@ :pa}el\@ﬁﬁ{uﬂ%ﬁaﬁh reset switch is a transistor.

pI X a5|ncla|m6vvhere|nsa|d
transi st ar e of

ol xo U bRRBIPEAr arte £ Ren soutwaiar 8 SB! fagd b guovu

pixel as in claim5 wherein said first volta
SﬁSBFIeWt R aecondd podaypf i \Rhofe CPRYFESIpR EHICP-afaid Sircyjs path signal
i magi ng pi xel conprising: a photo conversion device
nfaptaipingousibsigniallyeteee bias eerosssaithphotd comvezsion devieresn that there

is no current flow through 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
further comprises;

a reset switch for resetting said first node to a predetermined voltage prior to
said charge integration period; and

a capacitor having a terminal coupled to said first node for use with said

electrical circuit in integrating said electrical signal.



image at a first node thereof in response to incident
I'ight energy and for performng a photo conversion
operation during a charge integration period an
electrical circuit for rece|V|ng sai d ctrlc

signal at said first node and produ0|ﬁﬁ’ AFmen ?ﬁaljmmmyzm”
pi xel output signal, wherein said electrical circuit

is one of a voltage follower circuit and a source
follower circuit; a circuit path faor providi a

si gnal regweimagingmvel asin slaing 4iwhegtin sRIAirsest S%ﬂ%lb%ﬁuples a first
signal to a second node of said photo conversion
vdkagegmtergml tb sdid dimsttnodet dndswiprein saida¢apaciioriimgornected between
substantially zero bias across said photo conversion
sEl@Vires oftapd pstbntiad ahid®said Srsf@oddir rent flow through said
phot o conversion device; 15 Repl acenent Sheet - 31
January 2007 a transistor for resetting said first

node to a predeternined vol tage prior to said charge

enpol o o Ba i A% T RS T hioRin B r ApaS g rapsistor.

substrate; and a capacitor having a term nal coupl ed

to said first node for use with said electrica

circuit in integrating said electrical nal 10. An

i magi’ng piAteimagng pixsl ais nn4clgitre fewhersia @aug duapgigtor has a node
follower <circuit and said capacitor provide a

capHbYed sty @i indotig sikelrogenit kignalno dils asdbisats ai d

phot o conversion device during said integration period
which is substantially determ ned by the val ue of

said capacitor. 11. An imaging pixel as in claim3

wher ' n sgj.d n%ﬁﬁ:%%kglacls i lcf lﬁta\ghgfeﬁ aYcP{' fsg!%‘%i&‘r% 310%51 1Isa

CIrCUIt gr'ng pi Xe I'n

sai.d el ectrl cal. circuit is a
positive voltage potential.

9. An imaging pixel comprising:

a photo conversion device for producing an electrical signal from an incident
image at a first node thereof in response to incident light energy and for performing a
photo conversion operation during a charge integration period;

an electrical circuit for receiving said electrical signal at said first node and
producing an imaging pixel output signal, wherein said electrical circuit is one of a
voltage follower circuit and a source follower circuit;

a circuit path for providing a signal representative of said imaging pixel output
signal to a second node of said photo conversion device, said circuit path signal
maintaining a substantially zero bias across said photo conversion device so that there

is no current flow through said photo conversion device;



source follower circuit. 13. An inmaging pixe
conprising: a photo conversion device for producing an
el ectrical signal froman incident imge at a first

node thereof in response to incident |jght ener
for perfornming a photo convérsion opef fﬁwwmﬁﬁ%¥ﬁ3p§mmw2m”

charge integration.period: an electrjcal .circuit for :

r eceg\ﬁaﬁﬂs@ghﬂ r%quH{érqa@agrsE?‘ﬁjﬁgP aé’fedsegqr&mﬁdr@:ﬁaﬁ%%or to said

and produci ng an imagi ng pi xel output sjgnal,. wherein
chapel insegsation paiiode paid trrpsister bavangd nede Gappbls @& usipe saifdmaging

circuit and a source follower circuit; 16 Repl acenent
pBlebentput t8 bidbarsubstyat@@@d a circuit path for providing

a signal representative of said inmagi ng pixel output

si gnal capcitor IRGHREda NeEEngf covpied Phalid fasinvaiesiooruse with said

device, and for maintaining a substantially zero bias

.S ai : i Lte so that there is

e%gﬁggﬁ?gﬁ?q”?P%%ﬁ?ﬁf%%ﬁﬂéégﬁﬂ%gﬁ%fo conver si on devi ce;

a transistor having a gate for receiving said

el ectrical signal fromsaid first node, a first

source/drain regi on coupled to first volta

potential 18nd Ansieasee Pshat aa%ﬁ WQE‘TGHhS"g&&QW&P fgtlower

sai d i magi ng pi xel output signal; and a current source
cirouparstisapb capecitorqu tide @ conversion gain for chasge aw nreducsd dy said

potential. 14. An imaging pixel as in claim13 wherein
phétod coivansdrs tdevicBaduingadil istapatibe wdriods whichsas csubstantially

I magi ng pi xel output signal to bias a substrate. 15.
d@t@rrhfﬁ@@bg%eo\faﬁé of88id dap&didrm 13 wherein said current

a

source | eaky di ode.

11.  An imaging pixel as in claim 3 wherein said electrical circuit is a

voltage follower circuit.

12.  An imaging pixel as in claim 3 wherein said electrical circuit is a

source follower circuit.

13.  Animaging pixel comprising:

a photo conversion device for producing an electrical signal from an incident
image at a first node thereof in response to incident light energy and for performing a
photo conversion operation during a charge integration period;

an electrical circuit for receiving said electrical signal at said first node and
producing an imaging pixel output signal, wherein said electrical circuit is one of a

voltage follower circuit and a source follower circuit;



16. An inmaging pixel as in claim13 wherein said
transi stor operates in the subthreshold region. 17.
An i maging pixel as in claim13 wherein said current

source is a transistor connected to operate a

subt hreshol d current source. 8. An | ﬁﬁlaﬁa"eﬁ?aé‘é‘ft"gymummm

in claim, erein, said.current spﬁr ce.li
a

3 iS,a negative
51 op@ CraNbP P CEPgRdiTEA YEnal ST AT pLEIY gt Bpeg! Sutput
sai d second node through a bias capacitor. 17 .
simapll wcamspendspeds of saif phaipgopversion depice, 4Rd; iopgnajgtaining a
pi xel as in claim4 further conprising a positive

ssistqméiallp egrouidssergms seidgthoto Em@vessiqnpdeyiegsocthateathprierig no current
current to another termnal of said capacitor. 20. An

floWagdugh Rhi¥PhoRSconlerslonidevitd wherein said el ectri cal
circuit is a source follower circuit. 21. An imaging

Pi xel, B%sisthr HaHnD £BateheF ?é({éi\glg% gﬁﬁ%&%aﬁ QignMeom said first

circuit conprises: "a transi st aving a gate for

recei wing said electrical signal ~fr i d filst
e M R e Eph Ry 35 e SRR Poshlftand p second
vol tage potential and g second  source/drai % regi on

SQHER/ IRIhiFSioR RIOY HiNGSAl 1p1ageie xRl gutPub pigpall andxo ~an

I magi ng pixel as in claim21 wherein said transistor

has a qwdet scapalsoepled hetieny sad de¢andghedy pid el seeendypltage
signal to bias a substrate. 23. An inmging pixel as in
p6ledfiah 22 wherein a reset switch couples a first

vol tage potential to said first node.

14.  An imaging pixel as in claim 13 wherein said transistor has a node

capable of using said imaging pixel output signal to bias a substrate.

15.  An imaging pixel as in claim 13 wherein said current source is a leaky

diode.

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

subthreshold region.

17.  An imaging pixel as in claim 13 wherein said current source is a

transistor connected to operate as a subthreshold current source.

18.  An imaging pixel as in claim 13 wherein said current source is a
negative slope ramp pulse generator current source coupled to said second node

through a bias capacitor.



24. An imaging pixel as in claim23 wherein said reset
swtch is another transistor. 25. An imaging pixel as

in claim23 wherein said another transistor has a

node capabl e of using said imagi ng pi xel output sigpal

to bias a substrate. 18 Repl ddenent Shgg*“?mﬁﬁgﬁ%ﬁgbgymwzmn
2007 26. An imaging pixel as in claim1l wherein said
phot o conversion device is a photodi ode. 27. An

imaging pixel as in claim1 further conprising a read

out &Prcuitn meaging pixgl B8 tasipimed derher sfommsising @ togiive slope
said i magi ng pi xel output signal. 28. An inmagi ng pixe
rasp ipnlse| genamaf? fohenpplyingad dampiag comentcio endther terminal of said
conpri ses: an access transistor for receiving a signa
cippit@sent i ng sai d i magi ng pi xel output signal and

sel ectively providing said received signal as said

i magi ng pi xel output signal. 29. An imagi ng pixel as

in claim28 wherein said read out circuit further
conprjses ,a source follower. tr istor for providing .. .
saidagignﬁ?lP%%?@%BHF’ﬁ&lgﬁkﬁnaﬂﬁggFﬁalB?Qéﬁm%%#gdggun15a
signal_to said access transistor. 30. An imagi ng pixe
sQuce follomgr radt-wher ei n sai d access transistor and

source follower transistors are n-type transistors

havi ng a substrate coupled to ground. 31. An inmagi ng

pi xel as in claim?29 wherein said access transi stor

and gour cerf Dhdgdvepixtl snihi Qhial 20 wehepeii tpid sonmesolbwerscircuit
having a substrate coupled to a positive potential.

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 imaging pixel output signal.

22.  An imaging pixel as in claim 21 wherein said transistor has a node

capable of using said imaging pixel output signal to bias a substrate.

23.  An imaging pixel as in claim 22 wherein a reset switch couples a first

voltage potential to said first node.

24,  An imaging pixel as in claim 23 wherein said reset switch is another

transistor.

25.  An imaging pixel as in claim 23 wherein said another transistor has a

node capable of using said imaging pixel output signal to bias a substrate.



32. An imaging pixel conprising: 19 Repl acenent Sheet
- 31 January 2007 a photodi ode for providing an

el ectrical signal froman incident inage at a first
signal node thereof in response to incident §1 313 2007
energy and for performing a pfloto conf @?ﬁﬁt cet — 51 January
operation during an integration period; a capacitor
having a term nal coupled to said first node for
integrating said electrlcal Si during the

i nt egﬁat | S iEgingIxelgs duelpim i FF‘élil ga1g thatprcamg%ﬂoageme 1s
one voltage foll ower and source follower, said output
atphatodicgieor havi ng a gate coupled to said first node

for producing an imaging pixel output signal; a

circuit for providing said imging pixel output signa

to a second node of said photodiode such that a

subshanti al ] gop&élaﬁ ifh Slalfh %ﬂ&%@n@ﬁﬁiﬂg% & 8t circuit for
ur N

photodlode reset operation an

eBuB gty pivur P58 aBEe s BP0t 1 age

pot ent i aI outside said integration period. 33 An

i magi ng pixel as in claim32 wherein said output
transistor is a first source follower transistor and
a suBS8tr atte omagiagdpikek 95 wookie 2DIwharein saidnspdt@yt circuit
is capable of being biased by said i nmagi ng pi xel

cOmbpfisds: si gnal . 34. An imaging pixel as in claim32
wherein a substrate of said reset transistor is

Capal%eaceéssb@éﬂ%&t&' ﬁ?ergce@\)ingad gighfebRGemtingeai@ Uding pixel
signal. 35. An inmaging pixel as’in claim3Z wherein

oﬁ%&g s%%%la%}&e gél{stl:tisveffggﬁr?&lﬁ? saidtle \g@%ﬁ §%}‘1g1 bd Gt 1ﬂﬁgﬁxg pixel

erme-n age p

output signal.

29.  An imaging pixel as in claim 28 wherein said read out circuit further
comprises a source follower transistor for providing said signal representing said

imaging pixel output signal to said access transistor.

30.  An imaging pixel as in claim 29 wherein said access transistor and

source follower transistors are n-type transistors having a substrate coupled to ground.
31.  An imaging pixel as in claim 29 wherein said access transistor and
source follower transistor are p-type transistors having a substrate coupled to a

positive potential.

32.  Animaging pixel comprising:



36. An imaging pixel conprising: 20 Repl acenent Sheet
- 31 January 2007 a photodi ode for providing an

el ectrical signal froman incident inage at a first
signal node thereof in response to incident Ii

energy; a capacitor having a Yerninal & P@ﬁ‘%ﬁang&mmwzmn
first node. for_integratin ai electrical

dur | AEPRIPSHEda O AT ST, gl D o0 B E Appee at  frst
arranged as one of a voltage follower and a sogrce

steohl peder thexsgf in ssppse to rlangeﬁtlwht RRRFEN gné Tofap& iQrBiing 8 photo
to said first node producing an inmaging pixel output
ceingpnsibn operafisrcdiringfamrinfegoatiod ipagodai d i magi ng pi xel

out put signal to a second node of said photodi ode

such gt Hphcitor iR flgad tdralinal coepled kb asidi Srstrhodd frnatkgrating said
across said photodiode so t at there is no net

e el&fr[c%p&gﬁeh% nhgfﬁqﬂ{éﬁaﬁﬁn d' ode; a reset

ransi s rese flrst node to a

it ogh AT i 188%31‘9%88 # 51'3% e LT <R s totlgwer,sid

said second node of sai d _ phot odi gde faor rOV|d|n% a. :
opfpad tEDYIFleRhaYiBE dabilc SURFY e firgmnods oy RIRfuRGE ATk Bpagne
as in claim36 wherein said current source is a bias
pixchosipat ogndlavi ng a first source/drain region

connected to said second node, a second source/drain

r egi @ncifRNNRE eshidiag Gaiduinthgipdpiaelgaitput! gnal ec ai secoyl aode of
bi as control signal. 38. An inmaging pixel as in claim

s3id g}q&gﬁfoﬁe S@c gi af S tsﬁ@ﬁﬁitﬁH?rzéi‘@Sbl@s i§ URaintAh&l across said

cou to groun An i magi ng pixel as in claim32

pfh dlo e d50H Ellréc’sle{1 gpe?‘atlo%aa%d(%ﬂé 1n‘fég§zﬁi’on period; and

a reset transistor for resetting said first node to a predetermined voltage

potential outside said integration period.
33.  Animaging pixel as in claim 32 wherein said output transistor is a first
source follower transistor and a substrate of said first source follower transistor is

capable of being biased by said imaging pixel output signal.

34,  An imaging pixel as in claim 32 wherein a substrate of said reset

transistor is capable of being biased by said imaging pixel output signal.

35.  An imaging pixel as in claim 32 wherein said capacitor is connected

between said first node and said predetermined voltage potential.

36.  Animaging pixel comprising:




for receiving said imging pixel output signal and
sel ectively outputting said inmging pixel output
signal. 21 Replacenent Sheet - 31 January 2007 40. An

i magi ng pixel as in claim39 wherein s%%g read_out
circuit conprises an access tfansi st or “FRICCPE G Faguary 2007

signal ,repre ting.said i I Ng. pi xel  out put .signal

and SeEIARTGT RPSistek e lEcieel Pisbal G SimpidimtJudeC p st
i magi n i xel. output signal. 41. An inaging pixel as
SiERTERQHR Hhere0 ViR aPPPRSCSa PG HEBAANCEE cui t f ur t her
conprises a second source follower transistor for . .
pr oviadéapgciti lhvingaa itermnimil eliplodittp seid Bistynede far igtegrpting said
access transistor. 42. An imaging pixel as in claim40

et sighaiddriag e afedriidispeaiodf and source fol | ower
transistors are n-type transistors having a substrate

couplygde tgFr%’sri‘&or aftFnged FBLRODO) VRRREATHIMGV&Nand a source
i magi ng pt xel conprising: setting a first node of

R OBl S5 0 SRS o

.Si gnal .pliesent .at said first node and which is

TRARIBE PEE! OBPU §IZHL | ragi ng on sai d photo conversion
device during an integration period to produce an

i magiangropitxfer powtiging ssidgimagingapidelppwpiasisng! $aiagsecond node of
i magi ng pi xel output signal to a second node of said
spidophotodi@dy esieh othatl ey isalestdmialiy badranbias | ik ymemerhddz actoee said
vol tages of the first and second nodes of said photo

pROINIRIERS 1560 thad MrER rdlnet B@Pdnt Ht thebuBRitkE pHOLREGE; | ON
period; and generating a bias current which affects

sai d SEeaNta A48 r l'e%gt%hgdéé[d Bst SR to a predetermined voltage

potential outside said integration period; and

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

37.  An imaging pixel as in claim 36 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.

38.  An imaging pixel as in claim 37 wherein said bias transistor has a

substrate coupled to ground.

39.  An imaging pixel as in claim 32 further comprising a read out circuit
for receiving said imaging pixel output signal and selectively outputting said imaging

pixel output signal.



integration period. 44. A nethod as in claim46
further conprising: 22 Replacenent Sheet - 31 January
2007 selectively reacting out said i mgi ng pixel

out put signal as a pixel outpyt signal durin r
out period. 45. A nethod as |ﬂ'cla|n14hq%ﬁ ﬂwg—ggﬁmmwzmﬂ

sel ec |veI r.eadi ng_ouf occur sai d |nt 0

per | éh ﬁ@lag@g g AS Bt ﬁ%&na@ |‘ﬁhegflgl Fﬁ“% é"h: fhrouit
conpr|5|ng generatin pi xel reset. signal and

CemBTIFasCHT #ge@dmswm%%g%w@ a ggnRFePRPAR Spidimagingpixel
reset signal. 47. A nmethod as in claim46 wherein said
oatplut igngbaed atlectiyelaprbviding saidetseeived isignall at s#igrimaging pixel
setting said first node to said first voltage

obfjuekighéll during a reset period; producing a reset

output signal fromsaid first node; applying said

reset output signal to said second node of said photo
conversion device; and reading out said reset output

S I3, 2 AP B Bl BEF g BRR 2 neflly s@ﬁr@w AR urter

cl ai I'ncreasi ng

i d bi t N .49. A
CROPHES HEcph éq%%# Blovah Rty ér%éfcégfw Pmaging Riig! output

is a domward ranping bias current. 50. A nmethod as
signaktoziith apgesatransistar.sai d bias current is a pul sed bias
current.

42.  An imaging pixel as in claim 40 wherein said access transistor and

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

43. 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;

integrating an electrical signal present at said first node and which is affected
by light imaging on said photo conversion device during an integration period to
produce an imaging pixel output signal; and

providing said imaging pixel output signal to a second node of said photo
conversion device to substantially equalize the voltages of the first and second nodes
of said photo conversion device at least during said integration period; and

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

integration period.

44, A method as in claim 46 further comprising:



23 Repl acenent Sheet - 31 January 2007 51. An inmaging
pi xel conprising: a doped well of a first

conductivity; a first doped region of a second
conductivity provided in said well to forma

hot
di ode; a second doped region Bf said sggﬁﬁﬁmmtﬁmg'gllmm”ymm7
duct f
Vol t Bgeetstlaathne ofl o g bPEgrHe Sens i 2 hiRg, frou

conductivity type formed in said well and spaced from
sighplfusing argadigipegripdgi on; a first gate structure

provi ded between said first and second doped regions

for receiving a reset signal and resetting said first
doped region by a potential applied to said second
dopedsr egif0fietiddCaPiAC4iaT 44 ahetedd shidtseketivdqireading out occurs
potential and said first doped region; a second gate

aﬁ@{g&f&ﬁ{%ﬁ%ﬂgeﬁggté}gﬁwgy said second and third doped

regi ons ectric y connected to said first
doped region; and an electrical path between said
third doped region and said p-well for causing sai d

photo diode to be kept at 0 bi as,
pi xe0comgk Pistieg HSamSﬂs% 48 fEiGher SRR isin erorogind & pixel reset

roduci ng an electrlcal ?nal at a first node
signelrandfsubtractiog seidsmagingipivsl duiput $igep froangaidjyesetsignal.
current source connected to the second node of said
phot o conversion device, for maintaining a zero
vol tage bias across said photo conversion device;
47, A method as in claim 46 wherein said act of generating said pixel reset
signal comprises;
setting said first node to said first voltage potential during a reset period;
producing a reset output signal from said first node;
applying said reset output signal to said second node of said photo conversion

device; and

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

48. A method as in claim 45 further comprising increasing the value of

said bias current following said reset period.

49, A method as in claim 43 wherein said bias current said is a downward

ramping bias current.

50. A method as in claim 43 wherein said bias current is a pulsed bias

current,



an electrical circuit for receiving said electrical

signal at said first node and producing an i mging

pi xel output signal; and 24 Repl acenent Sheet - 31
January 2007 a circuit path for providing sa

i magi ng pi xel output signal tO said seggwg“mﬁbggﬂéflJmmmyzm”
sai d photo conversion device. 53. An inmagi ng pixe
conprising: a photo conversion device for producing an

el ectrical signal at a first node thereof in response

to i Adi derftn IMAgHIE Rk CGYPIISEINEaky di ode with a

plurality of traps connected to a second node of said

phot @ doped/wel iof a fidst wondyctivdy, mai ntai ning a zero

vol tage bias across said photo conversion device; an

el ectarfirs@dopidregibh of @rset@rledondugiveai oekded in saidlwell to form a
signal at said first node and producing an i mging
pRbtS&liogkt put signal therefrom and a circuit path for
provi ding said i magi ng pi xel output signal to the

second_node, of said photo conversi.Qr '
gt nee P8l i ofpl e R AR Bimgdth sllfve for
for .producing an el ectrical signal at a first node
I§RBHAD T VolpEePOBHes to i ncident |ight energy; a
subt hreshol d current source connected to a second node
of saithirpHopes! regiomaissidorecens sanductivaty trpg frraicdiingaig well and
zero voltage bias across said photo conversion
spieed dom said edcend dopsal regioncui t for receiving said
el ectrical signal at said first node and
a first gate structure provided between said first and second doped regions for
receiving a reset signal and resetting said first 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 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 kept at a zero bias.

52.  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 an imaging pixel output signal; and



produci ng an i magi ng pixel output signal therefrom
and a circuit path for providing said inmging pixe
out put signal to the second node of said photo
conversion device. 25 Replacenent Sheet - 31 January
2007 55. An imaging pixel cdprising: ReplasepsEpSheet - 31 January 2007
conversion devi.ce for,.produci ng an.electrical signa

ot aSraTegt AR RIREGE S, AR pe Ll CEadh Sfimah o FRg pcond
energy;_ a negative-slope ranping current injector

n@‘éﬁw?ﬁg&? GEphoi@CNVEEIUheEVitSde 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 53nd p&{iﬁﬁlgﬁigrtgx@lmoh@ﬁgihﬁg pi xel output signal
therefrom and a circuit path for providing said

i migiagﬂ]om XGhvePdbP bvisd %%rgﬁﬁ?csifég Gn A& RBAEI aPh first node

sai d ot 0 conversion device. An | magi ng pi xe
conpt.i si ng: hot o versi on device for producing an
t}éelregc}gtu”e@gﬁgnsg%ﬁgf&eg{ ﬁé}ﬂfep?r&r, node thereof in response
to incjdent |ight energy, ap integrating capacitor .
havi ﬁgle%ﬂ’edltoéF it RGAH G Db AR CEEER 1P & CSHOHb Rofipof said
storing said eletrical signal; a positive-slope .
phetoptonyetsiar davic,nfoscmeintatwing et zew voltagesbi@sragross said photo
term nal of said capacitor, for maintaining a zero
cymlerdgeddiies across said photo conversion device;

an electrical circuit for receiving said electrical signal at said first node and
producing an imaging pixel output signal therefrom; and

a circuit path for providing said imaging pixel output signal to the second node

of said photo conversion device.

54.  Animaging 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 a 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 an imaging pixel output signal therefrom; and

a circuit path for providing said imaging pixel output signal to the second node

of said photo conversion device.



an electrical circuit for receiving said electrica
signal at said first node and producing a an i naging
pi xel output signal therefrom and a circuit path for
provi ding said i magi ng pi xel qutput signal to a se d

node of said photo conversidn device.g§$¥mﬁﬂ1§ﬁ%§§ﬁ%mmwzmn
pi xel._.conpri.si ng: 26 .Repl acenent Sheet - 31 January
2007°%a phBYEES ¥<icBMPHEDECe for produci ng an
electrical signal at a first node thereof [n yespanse

to i AdhgEhECTYERHen g for RIRARRRE: 28 Sl é!ana{mé B Hirst node
transi stor connected to said first node of said photo
theosof én sisponsed éw incadenf oghteperging a si gnal from sai d

phot o conversion device; an NMOS sel ection transi stor
conngaiegstivedsl S AniBoigtunt dfedtol tainected to anséamidarode of said
for selecting said imagi ng pixel; an electrical
p%iétBCéHntvelgan HEFEL, ViR ImEtahifh OF ZEIoC bltspeObidl Rtos§&afll photo

Irst node and producing a an inaging pixel output
Csk%nqé' qu,a circuit path for providing . said inmging

B’f 8 %ﬂﬁ b?ﬁ’ signal to a second node of said photo

conversion_ devjce, .58. An i nmag i xel, c ri.qing: a
phot a0 elsetisal Pl & Teeeirig SBROUERTIRY SienabPbegififi) node and
signal at a first node thereof in response to
praduridgrn imaging poved pyiput signabiiessfisurand f ol | ower

transi stor connected to said first node of said photo

conv arcicoin path\orgroviding saehithiagingpizelgngiut Sigoah te delsecond node
phot o conversion device; an PMOS sel ection transi stor

of QD BREBLohersigh deRibdS source fol | ower

56.  Animaging 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 eletrical signal;

a positive-slope ramping current injector connected to a second terminal of
said capacitor, 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 & an imaging pixel output signal therefrom; and

a circuit path for providing said imaging pixel output signal to a second node

of said photo conversion device.

57.  Animaging pixel comprising:



transi stor, for selecting said inmaging pixel; an
el ectrical circuit for receiving said electrica
signal at said first node and producing a an inaging

pi xel output signal; and a circuit path for prqvid

sai d i magi ng pixel output sigfal to a Eggﬁﬁﬁghgﬁ%_3ggmmwzm”
sai d photo conversi,on device. 59. An.inagin I X

C onp i RIOHy COMPrAEIp ASRgs e PraHluclps anelecilon trpdl ghy firgt node
phot o conversion _device for producing an el ectrica
therepfan regpongette ingidenblght epgfgyeof in response to

incident |ight energy; a biasing transistor operatin

at sabNMOSsiootog fblbowedr teamsistoo nomnscied to aid fwstowdg of ﬁ@g@hoto
of said photo conversion device, for maintaining a
cENePsibh A&vies; To1SSading 6 sipgh@ll fom 64 \PRL®I coRversivh deyican

NMOS source foll ower transistor connected to said

firs tan”lQﬁﬁ)g)fsefe@{i?r} RPakQtor C&Iﬁ:ﬁ@(&&i Q GaYNOosf Qburce follower

readi ng a signal om sal d photo conversi on device; an
I nsistor.cpnnected to said NMOS

NI sel ection t

H%N%%%?roﬁeie&aﬁ SAg IS PS> for sel ecting said

i magi ng_pi xel; an electrical cjrcuit for recei.vi

sai d B [eMCiGaL AiTCut dRraleceiying et PFsticalsigal ghgeid (st node and
produci ng a an i magi ng pi xel output signal therefrom
perica g andiniagingatikel foutpupsigndldandy sai d out put signal to

a second node of said photo conversion device. 60. A

met hacifealt papeforipiaigdiag shiddmaping pixe loutpmrpigisli togr second node
mai ntai ning a zero voltage bias across a photodi ode

of 041l 3h&e Eowl drtibA dswkd

58.  Animaging pixel comprising:

a photo conversion device for producing an electrical signal at a first node
thereof in response to incident light energy,

an PMOS source follower transistor connected to said first node of said photo
conversion device, for reading a signal from said photo conversion device;

an PMOS selection transistor connected to said PMOS source follower
transistor, for selecting said imaging pixel;

an electrical circuit for receiving said electrical signal at said first node and
producing & an imaging pixel output signal; and

a circuit path for providing said imaging pixel output signal to a second node

of said photo conversion device.

59.  Animaging pixel comprising:



i magi ng pi xel; resetting said photodi ode; integrating
an el ectrical signal at said photodiode in response to
incident |light energy; reading out said electrica

signal ; and producing a an i nmagin i xel output signal
frgm sai d el gCt rical gSI gnal . 27g 9P Replaceme%t Shcet—%l ?anuaryZOO’l

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 photo
conversion 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;

an electrical circuit for receiving said electrical signal at said first node and
producing & an imaging pixel output signal therefrom; and

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

conversion device.

60. A method for operating an imaging pixel comprising:

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

resetting said photodiode;

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

reading out said electrical signal; and

producing & an imaging pixel output signal from said electrical signal.



