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[0004] In one aspect, the invention discloses a pixel circuit having an
integration node; a conversion transistor having a source /drain connected to the
integration node and a drain/sou"rﬁe connected to a reset line; a feed-through pulse
capacitor having one leg connected to a feed-through pulse signal line and the other leg
connected to the integration node; a photodiode having one leg connected to the
integration node; and an output transistor having a gate connected to the integration node.
The pixel circuit operates in a linear mode when the integrated charge at the node is at a
lower level which causes the conversion transistor to operate in an shut-off mode and
operate in'a logarithmic mode when the integrated charge is at a higher level which causes

the conversion transistor operates in a sub-threshold mode.



[0005] In yet another aspect the invention provides a
nmet hod of operating the pixel circuit. The nethod
WO paktess oper ati ng the reset and feed throughP@UiUS®03/026207
signal lines to provide a maxi numreset voltage at a
pi xel integration node, providing the reset voltage
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B RAW NGS T0007] Fig. 'L Prondie ] aégrg;dir%qg% J i pixel output
signal threnghthe oatpwerasistore present invention; [0008] Fig.

2 is a schematic diagramof the active pixel circuit

of resent ipventi.on; [00Q91 Fig. 3 Js a tinng,
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more cfdy e SONRL 81 6vind BRSNS SRR
provided @0 ¢dhnddtpn with sheagioaptarging #@wshgndar di zed |i near

and | ogarithm c response regions of the Fig. 2 pixel;

and [0012] _Fi % 6 is a flowhart depicting the process
of separ at BRIEFIPESERIPAION 0 THEE A $he col or

and brightness signals outputted fromthe pixel
Ci nG\~+0f oFi g. .. 2. 2004/.019605. PCT/ US2003/ 026207
pERAOZ DB, 57 P AR APrBiRE device of the present

invention;

[0008] Fig. 2 is a schematic diagram of the active pixel circuit of the present

invention;

[0009] Fig. 3 is a timing diagram depicting operation of the pixel circuit of
Fig. 2;

[0010] Fig. 4 is a graph of the raw linear and logarithmic response regions of
the Fig. 2 pixel;

[0011] Fig. 5 is a graph of the standardized linear and logarithmic response

regions of the Fig. 2 pixel; and

[0012] Fig. 6 is a flowchart depicting the process of separating, processing,

and recombining the color and brightness signals outputted from the pixel circuit of Fig. 2.



[0013] The present invention is enployed in a CMOS

i magi ng device generally illustrated in Fig. 1 by
woewmede0310. The i nmagi ng device includes an arPEyUs1003/026207

pi xels arranged in rows and colums w th each pixe

having a pixel circuit 100. The pixel circuit 100
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connected. The sanple and hold circuit 200 provides
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l.receivin resel. signal RST and feed through .
(Vast - %r% &8s ﬁ&ta‘gfg aﬂa& @éﬁrﬁgfeélgr@g ¥ Rrﬁﬂs\ﬁaﬁo B Ansogiadigital
FTP_. A voltage supply line 123 is al so provi ded which )
convertgp, 6 A Feaban mago| proeessehd0 srbieh receives digitipgl pixel signals
The caonversion transistor 116 has a gate threshold
from all, pixehgjecuits MO afdreipixel gerayn aad pspvides an imagesoupuss f
vol t age operating node or a sub-threshold voltage
ope[loé)t%iﬂg fhgactiye pirskeirquite 00 in agcoadancedutiathe inatmtion is shown
. The feed through capacitor 117 is |ocated between the
in morg\detail dndig. 3.c Edincludesighonvdrsion tRMBistar Ik lan utpud tensistor 120, a
and a signal 3 WO 2004/019605 PCT/ US2003/ 026207
row selgeftteapsiston 2 hodphatodiodenid & aud eefedd ahroughoiapacicdr 11 Also
transi stor 116 is connected to the
provided are a row select signal line 131 receiving a row select signal RD, a reset signal line

121 receiving a reset signal RST and a feed through pulse line 119 receiving a feed through

pulse signal FTP. A voltage supply line 123 is also provided which supplies a voltage

VAAPIX to the pixel circuit 100. The conversion transistor 116 has a gate threshold

voltage of Vt and is operated either in a shut-off voltage operating mode or a sub-threshold

voltage operating mode, as described in greater detail below. The feed through capacitor

117 is located between the horizontal feed through pulse (FTP) signal line 119 and a signal
3



row reset (RST) signal line 121, while the gate of
transistor 116 is connected to the power supply line
W/200R0X6023, and the ot her source/drain regi onP@GI/US2003/026207
transi stor 116 is connected to integration node 104.
The phot odi ode 108 is connected to the integration
node 104 and ground. One source/drain region of an
integra@h Ridde LIOANSORE 96urkPdiiath of At drshsid&r 1 B6BRoAnkE
e AR X 193 Wi o l_tlhepggt e{_%!transi{;t S R Etohinel o the
row rcsﬁpm?PI ggnﬁl%r;chfil' Wlﬁlgrltgi LOR of RISt 1d Becoglﬁ[:@t\?v& fto the power

row se t transi stor 'S connected to the ro

ooty B, A PROIRL LU HELD ORISR JMBBLET16 s comncra
o i B 10 oo AR 4B BB i o 104

ected to the.colum I|.i ne

| 26 th h
and grGRECPRE ohftey R T of l Sulogur SRR AT B Cofigered to the
supply GRESAEE TS IREGE eeff prdf ik DL A rPaafEn el Hiintcgration

0 As nated, transistor 6 has t opgratin . .
node 18qetle e B 5V selFitonuet 124 & Snpecroass ray Phget signallinc
., ode in which the tr istor 116 inparts a linear, .
which 566 thegoshselegt é‘ﬁﬁﬁ’ialgﬁe&’hﬁiﬁ £ SPUER d@irgwow?@attransmr
node 104 during, a charge integration period, while
124 arg prspestively eppled 1o on et trapsster 490-andrselwmprdinggebat i ng
nmode which_inparts a logarithmc output to the pixe
i melf¥0 Lt [y n Vhersrenngctadniol theselwmn disgd 200drongiotivg rophselect
operation of the pixel circuit 100 will now be
transistox 3241 Hedowipuh trapgister d 20 opemtehes 1 saviregfadioaer aransistor and
Fig. 3, which shows a typical frane cycle during
providespegainitothocharge sigingleteceived fiom 10de 104. t he tine tO,
the sanple and hold signal (SHS) pul se which causes
pi xE10Iohgd\ssiaind) trawispdd hip has tppobpedting nzodeam@dm: apwtating
hold circuit which causes the pixel imge signal VsIG

mode is @ shat-efhgeeatimgnohodelinl whitte thee@ahsintdr $1 ¢ aparfRiy lifeat|®iput to an
hi gh, signifying that charge accunul ated at a node 104

accumulatdoepingl ingd sipgwhl Vihasned@l 04 diging achavgs indégtiéh period, while
node 104 prior to.the time t0. At the tine tl, the SHS

the oth¥itloperaRRsSmbawis Hsith-tiGesHy]& bpefitingansadMhidiingiartshElogarithmic
i mage signal Vsic; voltage level. At the tinme t2, the

output#Tthe pi¥el 2098¢ SERN0P, PhctuiAtied2PABd0T04! i ne and the

feed-through pul'se Fine (FTP) go low. This causes

VPI pg017E VPhd 88&aBén BPHS: pixel circuit 100 will now be explained with
reference to the timing diagram of Fig. 3, which shows a typical frame cycle during
operation of the pixel circuit 100. At the time t0, the sample and hold signal (SHS) pulse
which causes pixel image signal sampling is applied to a sample and hold circuit which
causes the pixel image signal Vg to be sampled and held. The read out signal RD is also
high, signifying that charge accumulated at a node 104 is being read out. This charge was

accumulated at node 104 prior to the time t0. At the time t1, the SHS pulse goes low thus

completing the sampling of the image signal Vg voltage level. At the time t2, the RST
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104, to be set to the RST Iine 121 | ow voltage. At

time t3, the RST line 121 goes high beginning the
wEe@sos®0df resetting the pixel. This causes VRUXUS1008026207

vol tage at node 104, to begin increasing toward

VAAPI X-Vt (116). At tine t4, the FTP Iine goes high

whi ch causes VPI X to reach the | evel shown in

line ane duafeedrtht@)gtbphlentind/FFFP Fed/ MP) Fhivichdstd VPEXCEHIFY Mg at node
X AFTP (2) [0018] where CFTP is the capacitance of

104, tot tresatapahie ROT lide/12 CRIWvbRagdeAt inkl t3, BRPRSTURRC 13¢oes high
the node 104, and AFTP represents the difference

beginnfig! thRgitotdse of k@brtiptihle Pikel S M EcaREed VEIE HRe Woli8eel dthode 104
B St i R G o AL T s e e pargg gnode 104, to

begin iRtHessing 66%ard VAAPTY oy ha, BRSELP liveldoReSi i
c&m | evel %y t%e sanpl quggp?]rgl%pgﬁccuft 200. Thegbgi Xe%hwhmh

VPIR UblredBStBE 1R 818 M Bud d by the output
Causestransi s%or 120 an% 'S }ﬁ)ﬁ?de ‘%ng’%gﬁﬁ@t he sel ect

transistor to the colum line 126. At tine t6, the

SHR p goes low,__ending the sanpling of the reset

vol tﬂﬁ%@%ﬁ&% rYiéliq) +1Qr€[‘132f9i’%ﬁé | ow endi-ng (2)
the first readout process, and beginning a charge

acc[OL8] i ovhdre GREDP &t the Rhpystahesiof terdaparitdre 17e QY is the total
_fromt7 to t8, the conversion transistor 116 operates
capacitarest the npde flP4pwetk ARR® reprdsertathadiffenencatbetwedmthpehigh and low

[ |.S cessed at t.he_node 104. At the tinme t8,
state Oftsﬁl?g%%b@?gﬁgnasﬁié?ﬁ@@t%g' 316 switches to a
subt hreshol d operating node as the accunul ated si gnal
at 045 f @ tﬂ?ﬂi}hﬁste ' ﬁm
sub-t ?%lhg?lxd oggﬁ%tk?’gtﬁeregl n. %Oct}%’_%ﬂpg&%’t lﬂ%etheresc‘c
voltagefewat lbywht sagple Ml Boldtcikode0004The piel dit@Msrebdtadldge Vg is
linear to a [ogarithm c output signal, as shown in

produced byirthi wuspitrinsist@3) 2 (handis. appibek throvghrhX sale¢titt@sistor to the
conmsIFASE Kb S0 ok ok RN e e
vl ST S, 0% ARG 5 SRS Abgbdflkl,
S US2B03) 056201 | 0051] AL Lhe L me (8, ke Rp ama ©
the corgession transigior Rl §loperdtes inhar $hart-off mode and a linear accumulated charge
signal is processed at the node 104. At the time t8, the conversion transistor 116 switches
to a subthreshold operating mode as the accumulated signal at node 104 forces the
transistor 116 into a sub-threshold operation region. At the point t8 the pixel voltage
VPIX at node 104 transitions from a linear to a logarithmic output signal, as shown in

shown in equation (3) below.

VPIX = VAAPIX -Vt(116) + CFTP/CPIX x [AFTD - Aft] . (3)

[0020] In the equation (3) the symbol Aft is used, which as shown in Fig. 3
represents the instantaneous drop in VPIX at time t7 which occurs when the circuit 100

begins operating in a linear integration mode.



accumul ation (integration) period ends and the
accunul ated pixel voltage VPIX is read out by the
WO c@adisbdrs 120, 124 as the pixel image si gnabCWVBEmP3/026207
and a new frame cycle begins. [0022] The SHS and SHR
pul ses correspond to when the signal and reset

vol respectively S . _As '.th he
con{GHFE] ; ESBE o By the 15 8 i inet o Midlhy diharec
accumlﬂkﬂl&? gn?cr aRSPGRIY SNdsi 4 THeIRAmARd PixePloltde(VPEX is read out
The sanpl ed signal VSI G and reset VXsr
by the tmhﬁlﬁgﬁsllw d 2dhesrthe piitel dbgelsigyal Vgeplantlisenew ratne cycle begins.

obtain valid pixel imge data. In equation (2) the
synmbol AFTP is used, which as shown in Fig

Sy ks TSt SHBepwotvassrropod Fo e the pigal and rescr
at e f h | Pl
volageS ot ike A ekl B wish By ESphER TR ELP Iy and 1T, dhe s7IR
and SH@%@Eéstﬁ%ﬁodl%BWﬁﬁ’s1%:?a?@8ﬁiérﬂﬂcm tiag. tyvel of

urmul at ed chargé on t node 104. s i s because
when signal charge accunul ates at the node 104 (Fig

1) [eozrﬁu | The seeypledsignal Vg hand mesegVat,eolaiges e thoni subtracted by
However, as the anount of signal charge increases
amPhﬁFb49 @ obgn velidpisckirmegredaiac An cquation (2 hersyrbal &FIP is used,

which gihob in 8PV mDl S it P B RRRE o B bl of ehe

FTP listd. OTAE vblt£§e && oy BEP 1&&@%&& th@ehE@Y fo hiliedd béﬁﬁlﬁfé% eénd
under low T1lum nation conditions, yet preserve the

loganthmm:wspbmcs,l dependidgnon tieajead of dcyurhulatd!d giwege on the node 104.
illum nation conditions. As shown in Fi

- This e Dy Sl ot e e gl (Higcl Fisgmafethey can
all be i%%e%glfr%sl% flg%géﬁfehﬂgf %go%/g\gcr;/? mg}tr i %naf Blé)argc increases to the

point @H&E%Bhﬁ%de?ﬂédv@&?fh&@%ﬂtbf 6 (PchIh@ 48 tirfl Fig) r%“ﬁ{b piBto response
he photo conversion signal PCS can be expressed as

of the E:ﬁtlfccmsamt BcBnres GgMifimic.( Thus, the HIY G@ha)line gréyides a way to
[ 0025] where GAINSF is the sourcglﬂool | ower 112 gain, .
achleve aecar§cm?é18¢ nodgr losy éhlmleaee{y Fan aﬁ,) ye PRESCRKE 1R SHFRUiL’s

togarithfi ey o ehel HEuRRtBR BT £ 33 o n TiE S, dhe cross
over b@%%@ Gifearintd M%gﬁg%g:%@%%s dc@@r%@l a'ﬂﬁ&h@ﬂe 1W8ltage of

the circuit 100 transitionS to operating in
VAAPIXgaV{(1Lh6).c

[0024] During the time the circuit 100 is operating in linear mode (time

period t7 through t8), the photo conversion signal PCS can be expressed as follows.

PCS = GAINg; x (t,. x I,/CPIX) . . . . : (4)

[0025] where GAIN; is the source follower 112 gain, t,. is the integration

(accumulation) time as shown in Fig. 3, I, is the photodiode current, and CPIX is the total

capacitance at the node 104.



node (tinme period t8 through t9), the photo conversion
signal PCS can be expressed as follows. PCS = GAI NSF

WO 20@BTIBOCPI X x [ AFTP - Aft] x[(1/(3) x |og(l ri¢T/11S1083/026207
[0027] where CFTP is the capacitance of the capacitor
117, and the synbol represents an exponentia

coefficient..of the subthresho rrent of the .. . . .

Cr abQOZF eV whdR B €1 £06 erSitiond bo fGracie in fogerithmic
mode (Pitte ?éri&{‘_% ﬁﬁ%hglwbb, the ?H’Btd:&_ﬁﬁz%_ﬁsi&{ sighall POS lchh Be 'cﬂﬁ)rcsscd as

MOS transistors.” However, variations i'n the threshold
followsvol tage Vt do not affect photoconversion

characteristics of the circuit 100. Because threshol d

|t h i thi th [ t i st 11
cause e cuist s ci b Gy SAKERY ARuEdR sapennld )
transition | evels expressed by the equations (2) and

(3) [602YE, WhérkICFTHaether@apadintd obtieccaphcitéhEl 7,andahe symbol
of linear operation of VPIX Additionally,

b
B represengs ancxpoanentid To¢fficieny/sf the subthreshald syrien v¥ thex@nsistar 116.
Varistigps D0 %ﬁfﬁ&?@%ﬂ%@ e tie mask GelOM Caaes of Mitability in
MOS +88%§4rs Mi-g&?(}@ér CyarfaliBns BIMER" ) égﬁoﬂfa\i/(ﬂtdgg WU nbPSffect
I near a ogatithmc “operating regi 6hs are
photodd@versivnnétariiteristies bE et ¢irsu@uf0. CBeadikt direSHol® voltagethanges
_overall capacitance CPI X, and (3, as_shown in the
within gheieenvension traasisios. 1 Idorausmidtesiame loval ishift frdath the reseteand the

M T SR UK T P TI.
o e SR SO BAS v
variati¢ds)inaAQY20) ixﬁ%lsicﬂiu@%g&@ém cCoaggaemly,iViecdhpehentoae ddt4ontained

) is represented as CPIX CPlI X consists, of course, of
in the ompritd26 of the cinguitdd¥s t he capacitance of the

phot odi ode 108 and the sum of parasitic capacitances

o 28,00 U B BB g
ope B RSEe BB e CATEL B8 I PCEID! il e

capacitaff€ OPFY, ahdBQad sleovph ketheCpaton ¢5) SbIR. afsttiiigely, variations in
potential is then pinned at the "|ow |evel of the RST
these parametess aeawncly s ghe threshobd veltageVt.3Thas Amproged

uniforiry ARty SR SR tys aityest gad BroRméayish figgd pattern
noise (II*I’E}II) 1RecH8&RE operation

[0029] In equation (5) above, the total capacitance of the pixel node 104 is
represented as CPIX. CPIX consists, of course, of CFTP but also includes the capacitance
of the photodiode 108 and the sum of parasitic capacitances of the circuit 100 such as the
gate capacitance of the transistor 120, and the junction capacitance of the source node of
the transistor 116. Prior to a reset operation, a substantial amount of charge is injected
into the pixel capacitor CFTP and its potential is then pinned at the ‘low’ level of the RST
line as shown between the time period t2-t3 of Fig. 3. Because of this pinning action, the

primary integrated signal is fully discharged from CPIX, so that the reset operation
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7 WD 2004/ 019605 PCT/ US2003/ 026207 conpletely resets
the circuit 100, and excess charge from previous
wo pegiongotycl es of the circuit 100 does not ~PaEmUSI008/026207
followi ng i magi ng cycles. [0030] Wile the transistor
116 is operating in sub-threshold node during the

T
circuit 100ed6dsSict labl tntoAbllbWhig iatiging buldson to nore effective

resetting of the circuit 100 is that, during the

reset time_period t2-t3, the current _throu%‘r;the .
t r 4938 ]or Whilesthestransiston BirGyisroperasing esubhdreshold mede during

the tim¢ peied A5, FF 5B - DB OVOTIONOaT e ot e PR @0de 104 i
draincd?&a&%{ %)l%t tﬂr?@é&]; 1 £6 € AnbAYE cohBibitth 1P RO efedfe }8tting of the

al ne or the subsequent accumul ation
circuit Y0¥ isaHat, \dhirigly theeeebyimd ?ﬂdﬁb&-tme chiagnt {H26R3gh théhemsistor
_incomng |light detected ¥ t he phot odi ode 108 is )
116 is rancle prgarthrnhe photasurreht Liac dietafares derpparad ghatasyyrent during

che rese R Y050 P B e b SRt B bR Bt for the
photodfRITPI RS SAALOBERHS& %Qﬁ? g&r{sﬁaaémlafegumwdaﬁl p&gﬁ@%& thereby

Inalogarithmc no I's way, the circuit

reducesifiiagedaghi eve a hi gher dynami c range nore closely
resenbling the i mage sensing properties of the human
eye. However. special color processing functions

(st EQRkLi Mhenmcomiagdight desssteddey thephagpeliosic [Gsdis
cxccpti%ag{ygsageogig %tl% gc_nc%ll_q%l agazgg%%{ﬁé%%ghfgg\lé]& e ga%agl%ronzf P becomes
i el ol fbdcBRes kbmplds
g BRSHRRHRS S G e| HaL gy ophed b
the cirduitgl 0(bbsgiavwepthaeingtiandegatithadc model. Inuthixutvay,ahe agenit 00 can
_ the circuit 100 after processing by the inmage | )
achievery bigags dynagnic pogspiorgwioscly rescatblong the 1pess sensing propeigies of the
sl 5ol IS oA esci 2R (SR aBRORE LR necocd
i ' bi6nd RO R hESA chelgHOOMLRLN08. Fig.
o 0051052 80 108 RS a8 i
4 showkitlie rdw, nohemadadiézedi pikelicugphi valtage tofebe cirbit 406 without any
regions is an arbitrary, predetern ned a

. | ,ugﬁ of
processing by &ht imagmprasasson 80pHig-cushayes tiw.tandaggz phshwutput voltage
of the &Pk Podatt&l p?oc%s?s&ﬁ)gr by Bhe itr)x?ag% IBrBEe%QOLI 80,

[0032] When the circuit 100 is operating in the linear mode (Figs. 3-5), the
color enhancement gain Gc is at unity, i.e. equal to 1. When the circuit 100 is operating in
the logarithmic mode, the output range is divided into regions 1 and 2, as shown in Fig. 5,
where the dividing line between the two regions is an arbitrary, predetermined amount of
incident light on the photodiode 108. Fig. 5 shows that a pixel’s color may be shifted to
white or to some other color by the image processor 80 (Fig. 1), depending on the
brightness level of that signal. In region 1 of Fig. 5, the color enhancement gain Gc ranges

between 0 and 1 and is not affected by the image processor 80. However, when a pixel
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white or to sone other color by the inmage processor 80

(Fig. 1), depending on the brightness |evel of that
waee@gaaleeoin region 1 of Fig. 5, the col or enhaPCEIBI3/026207

gain Gc ranges between 0 and 1 and is not' affected

by the i mage processor 80. However, when a pixel 8 WO

. . 2004/ 019605 PCT/. US20034026207  si gnal ... Wit hi
signal is DR oG Feln £rde olo SRR pitfer Sl 18e - 0) or sec
§temhitrdadiditdunt vlhe PG S8Gcmi EHEROARPFbBRSLIB 0N Mum
toaprcvaI ue (& = Gcr[rr‘lrx) <t:)sﬁtche icnr;a[g)e&brocessorﬁgo. [ 0033]
Fig. 6 details the standardi zati on process enpl oyed by
t h§003dJe Fiy. Godetsity the BtanHaglizdtjori prdgessadmplgyetbiy the image

proccssclg;%fq(g E-Elltggﬂ %b fg%g:gg?ficggr? llgsfgélngérg}c? [?ig j ?%ﬂea,lsgi%t(g raqqaggp?te color and
. { +al. .
ol RN B0 b hbng SAYON B8P

convert@080 isedivided Infythir&escpARge sighilasanditds 592, 588aasd 599 byithe image
for brightness signal extraction, branch 508 is for

processaod@r Bsanphal 04 isxor hoghioess sgmbl lexemction, ranch $@8 isdot oolor signal
.gain extractiqn. .In the branch 508, _the pixel t put .
extraction, FoRipes %gﬁ 1§ FQ5ROION SR P RRHAR ¢ 1 Qﬂa g _585, the pixel output
. . . | .
s conk 3RS SEPLEATR] £G4 B8 0180 PERRERINA ol procesiog

circuit t® exBlaf itgablor tamipohehs KobaHtREed, b icolbr galitfaptotad calculated from
out put level as shown in Fig. 5. The color conponent

the pixdl outpherlevallas sipowa dn Fig. t5heTh¢ ectooconfponkat is¢hor nydfiplicat by the
factor o Calor GRIETASEORS B BLA L. B PR ah Peged Spieg stghal and
g oy 1 6185, 0400, SHONPh Sl 6308LT W

constru€¥drR¢he prodesfh@eepHA The BAghtEdcoBpohé@SexBcted in processing
addi tional processing (thus remains "raw'), but it is

branch A@4aeguires n®additiooelprotessingdsinal reg)ainhrapd) dput it is necessary to
(o] nent 508, 512 prior t ing the gain at .

process {FghauSHe) Lot bplos tomnsseat el LY phor b Srgiiae e gain at

poce IR 536 HASSALR A RS iy v v

output ARulldtRRRErrb £ERENSE W rkbonveniigdaiang e iligbiressonsemiigh
unfortunately increases color noise in high o
increasing| rightnessowhichornfounsatsly inkecapesenpber noisim/igh ilymination

pocior SRS A B L DL L B O
conditifiigyﬁ ePHBRLs esgc[} B G,Gt!% c)%cgrl if0cR bé@fp%ré@éd“&@reby yielding a

oKl ng "1 OW- noil"se "col or 1 mage.
more natural looking low-noise color image.

[0034] While the invention has been described and illustrated with reference
to specific exemplary embodiments, it should be understood that many modifications and
substitutions can be made without departing from the spirit and scope of the invention.
Accordingly, the invention is not to be considered as limited by the foregoing description

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



[0034] While the invention has been described and
illustrated with reference to specific exenplary
weriadigsent s, it shoul d be understood that manpCT/US2003/026207
nodi fications and substitutions can be nade w t hout
departing fromthe spirit and scope of the invention.
Accordingly, the inventi ww to be considered as
limted by the foregoing description but is only
limted by the scope of the appended clains. 9 WO
2003VHxt 36€15inkdT4sUseR0 Bed deded ho Kd prlortdih iy Tiesteed Patsiclof the
. as new and desired to be protected by Letters Patent
Unitedo§tagends: United States is: 1. A pixel circuit,
conprising: a photoconversion device for accunul ating
chargg dur, n charge integration period, one | eg of
sai d g‘r%’i“al%%ﬁaefg‘i“é? S8y ce bei ng connected to an
integration node; a first transistor, having one of a
2 PHoEEcARErsrPd Vit LIoTaPAIMEIAAAE ¢h8i%e dRirEAd harge
I ntegration node and the other of & drain and Source
integrationipeniakd, ono tapeefi saitl plote coasetsidn devicesladinlg tonstcted
.transj stor, operating during said charge integration
to an iRfeRrafien BPde; i rst node to provide a Iinear
accumul ati on of charge by said photoconversion device
lirﬁégt(h‘ﬁlsi&&g ﬁgﬁhg‘qh%dof“a%g&% i/ @lain fRfhindl capﬁgcgt.@@d
node to provide ogarithmc accunmulation of charge
to said iytegRitibn mbdy anbtheastheO6f damis endkbefce $&ininal
predeterm ned charge level is reached. 2. The pi xel
connect¢d tip test limesai m 1, further conprising: a feed-through
pul se capacitor, having one | eg connected to an feed-

S5, 4950k s SRS PP AREIE
first m64&td"providdd iRElr 2tOIRIafibADF charge by said

photoconversion device up to a predetermined charge level, and in a second

mode to provide a logarithmic accumulation of charge by said

photoconversion device after said predetermined charge level is reached.
2. The pixel circuit of claim 1, further comprising;:

a feed-through pulse capacitor, having one leg connected to an feed-
through pulse signal line, and the other leg connected to said integration

node.
3. The pixel circuit of claim 1, further comprising;:

an output circuit, connected to said integration node, for reading out

a signal at said integration node.

4. The pixel circuit of claim 3, wherein said output circuit further

comprises an output transistor operating as a source follower

readout transistor.
10



an output circuit, connected to said integration node,

for reading out a signal at said integration node. 4.
wab@4pi96es circuit of claim3, wherein said ouP@IIUS2003/026207

circuit further conprises an output transistor

operating as a source follower readout transistor. 10

W% ZOWCQDF&Q Wﬁcﬁ%m g%ﬁ%@&ﬂ Zm&@irstﬂ%ﬁd@ i L stgjft%r cui t

claim erern sal st no IS an snu

m)de affdnede dnd said RO OUS ista b thiesirsid@hedarode. 6.
The pi xel ci rcuit of claim5, further conprising:
wherein said first transistor swtches fromsaid first
mofle dHCPIX cirgws of glaim de fuiiasr comprsiRgie at said
i ntegrati on node exceeds a vol tage applied to a gate

%cts‘c% galfi Arst trHs 9(?)48%%1 cilcm"r?HlS ?i RO g) yejtage. 7.

Clrcul e n Ssal

second ﬁﬁ@&@ﬁrﬁeﬁ QARIl@Be aflQYd Gfteg@tidn RIMICQALALR a Vlragbe pi xel
circuit of clarm?7, whereéin one of the sourcée and

applieddoai gate of saddirstf tramistorfmirsts a tharsbiokt voltige. connect ed t o
a reset signal line, and the other of said source and

regi,ons is ected .to aldlnte ration
no e, [@ﬁd’l Flgurutof c ]l?l rlf’ Cmtsi‘érfg’r‘g%?n B nnect ed
to a agﬁgé)ga@llgtg%d@ The pixel circuit of claimS8,
further conprising: a capacitor having one term nal
connected to said integration node and another

t e8ni iThle pixsiractiedf thim 7, edgtréihloneddf thekserct ang. 10.
The pixel cirecui t of claim9, wherein said reset

si gnafr3in segignsiof spid frst swasistor duensgtesietl 4 Fesetar e

oper abl e ap ese olta saLd integr.ation
node. Sgfal EhARBLF offiF O spid GpHE ok g Mg Fegk B
CoNpr g§aftted to said integration node, and a gate of the first

transistor is connected to a supply voltage.
9. The pixel circuit of claim 8, further comprising:

a capacitor having one terminal connected to said integration node

and another terminal connected to a feed through pulse line.

10. The pixel circuit of claim 9, wherein said reset signal line and
said feed through pulse line are operable to apply a reset

voltage to said integration node.
11. The pixel circuit of claim 10, further comprising:

an output circuit and a pixel select line for operating said output

circuit to read out said reset voltage to an output line.

12. The pixel circuit of claim 11 wherein said pixel select line is

operable to begin a charge integration period.

11



an output circuit and a pixel select line for

operating said output circuit to read out said reset
woelitagwso: o an output |ine. 12. The pixel circeiT/U8£003/026207

claim 1l wherein said pixel select line is operable

to begin a charge integration period. 11 WO

ﬁgg4ég%%@gﬁ%PCTﬁUS%QQ3/026207. 13. A CMOS i magi ng
i 8, PG AR CRRISYMHE pi xel circuit; a

sanmple and hold circuit for storing a reset signal and
;ﬁnakﬂag@pgkgagbﬁnproduced by said pixel circuit; an
anplifier for subtracting the reset signal and inmage
signal; a digitizer for receiving the output of said
asaphple aad:hobd direwit foresgering o cesst signilomd arinagesignahe
qﬂﬁgut of _sajd digitizer; wherein said pixel circuit
produced by gaid p Ff8Ss: a phot oconversi on device for
accurul ati ng charge during a charge integration

é}{i‘ﬁrhgﬂﬁc%? sh6@a@in oSl de R0 G %féag{éi’ﬁlg%eﬁﬁg&ﬁ;\/i ce being

connected to an iIftegratio rst transistor,
havi ng one of a source and drain term nal connected

4 digitddent fonteegivatg dre cwaget afgdid lmptfilenndf a drain and
source termnal connected to a reset line; said first

transi stor ope ating,du&%ng sai d chg&ge,jntegration
HelMgs PIQCESsOF [ardecaiving the oprruriafsad digitesr
accumrmul ati on of charge by said photoconversion device

: 'ﬁﬁg .Level, and in a second
%‘é‘éﬁﬂ}%l%@%?g‘?@ ogac?itzt%ﬁﬁﬁ{:s&gccurml ation of charge
by said photoconversion device after said

Pphosiconvemsion ddvidedor hexehulatng elrale duribd. a dhegpi xel
circuit of claim13, further conprising: a

integratier gerind pormhlegnfsaidphnteicorersioadayipedreing eonrasterbct ed
.to an feed-
to an intégration node;
a first transistor, having one of a source and drain terminal connected

to said integration node and the other of a drain and source terminal

connected to a reset line;

said first transistor operating during said charge integration period in a
first mode to provide a linear accumulation of charge by said
photoconversion device up to a predetermined charge level, and in a second
mode to provide a logarithmic accumulation of charge by said

photoconversion device after said predetermined charge level is reached.
14. The pixel circuit of claim 13, further comprising:

a feed-through pulse capacitor, having one leg connected to an feed-

through pulse signal line, and the other leg connected to said integration

node.

12



t hrough pul se signal line, and the other |eg connected
to said integration node. 12 WO 2004/ 019605

WEOHBK0D3/ 026207 15. The pixel circuit of crPai/ms®83/026207

further conprising: an output circuit, connected to
said integration node, for reading out a signal at

saigl ITheikel diRRittTieimlEs, MhfBePtdBbrisingcui t of claim
15, wherein said output circuit further conprises an
out put transi stor operating as a source follower
reaRiBput cirans iconnected 7o sait entegragionciedsyifer whdipigadun 13,
st node is an shut-off node and said

. ai,herein sai d firdt§
a signal ap sgid} infs@ratior nodey bt hr eshol d node.  18. The pi xel

circuit of claim17, further conprising: wherein said

fiyet LIS Qr - S\ fehese f [ j le to said
selc%ndTmé%gﬁliwv%ﬁﬁag% Vgﬁ?&gglﬁgﬁ Iﬁ?@? zgg:le lglﬁ node
exceedartheyabhpgises apiltpadirhfsidordperathg 38hdohitdest
transistor mnus a threshold voltage. 19. The pixe

ci r cuifpllgwerreafant Bansigier-ei n sai d phot oconver si on
device is a photodi ode. 20. The pixel circuit of claim

19, el of the spurce and .drain regions of
oo TP O e ol e P R B R R 882, 01
l'ine, sandofinBod®ahgkaiflfse &H dndelie £ seheh R R Hode.
regions is connected to said integration node, and a
gate of the first transistor is connected to a supply
vol8.agkhe pixel drmipdfiadincl 7 durtheotomipaisimg20, furt her
conprising: a capacitor having one term nal connected

B BT P bR e, 1o

seconcg1 %{éﬂé' Wha a GORIGD A %aid MRIRAdbS Abde EEGRYs S Va8 | 1 NE

applied to a gate of said first transistor minus a threshold voltage.

19. The pixel circuit of claim 13, wherein said photoconversion

device is a photodiode.

20. The pixel circuit of claim 19, wherein one of the source and
drain regions of said first transistor is connected to a reset
signal line, and the other of said source and drawing regions is
connected to said integration node, and a gate of the first

transistor is connected to a supply voltage.
21. The pixel circuit of claim 20, further comprising:

a capacitor having one terminal connected to said integration node

and another terminal connected to a feed through pulse line.

22. The pixel circuit of claim 21, wherein said reset signal line and
said feed through pulse line are operable to apply a reset

voltage to said integration node.
13



said feed through pulse line are operable to apply a

reset voltage to said integration node. 13 WO
wQe@4/0kd805 PCT/ US2003/ 026207 23. The pi xel BCT/UN2003/026207

of claim 22, further conprising: an output circuit and

a pixel select line for operating said output <circuit

t23.r €Bhe pixel sindudt ofelgim 20| fidgfer comprisiigh put | ine. 24

The pixel circuit of claim 23, wherein said pixel

select line is, operable to begin a charge integration

PoPgut corcuit andartivel selecoling fer opgrasing sais} owipug ui t

circuit £618R4 Ioﬁt 09y &R lvgﬁ;thgle{,] X hﬁé'%%%?ler ated charge at an

i'nt'egration Aode 8%a pi xel signal during
a charge integration period; operating a first

t24n STE\ENEIXCI araflt shelhim® 2B, Wi sHid Piked SdlecdliHeqgr at i on
peri od en the anount of said collected charge is

bel ovpperabie ¢sbokih ¥ sharge integrasioneperival ge t o be
linearly collected at said node; and operating said

figst, transi,stor in.a sub-threshold node during said
i%%‘egéé??tg‘ﬂdﬁ’éoﬂpgﬁa%[”é‘ﬁf drdh CROPESNEhar ge i s above

said threshold to cause <charge to be logarithmcally

EleL@EE pHoRgeRR}Hed Qﬂzﬁ'gc 2Pan Fﬁl@;ﬁﬁbh%d&fm l:sgﬂrc])'ﬁ'sg 5,

further conprising: prifor to a reset operati

to a pixehgigmedl idnginghactpegd hitegratiphpetiodapaci t or  t her eby
pi nni ng said pixel capacitor at a |low | evel of a reset
line. 27.. The nethod of claim 25, further conprising:
RATAHRS # Figstitransistay i am; shat-off made dusingissidipesssationy i n

. - . md dr ai ni ng £xcess, char from
period @hefid HERACLEeaiBfiecitd LER SAGR AP EPBRR VARET S or
to causé BRIrgOYo e Mk aleLylch&Tiahi ASdARAnHNt egrati on

capacitor connected to said integration node. 28. The

met hod of claim 27, further conprising:
operating said first transistor in a sub-threshold mode during said

integration period when said collected charge is above said threshold to cause

charge to be logarithmically collected at said node.
26. The method of claim 25, further comprising:

prior to a reset operation, injecting charge into a pixel capacitor

thereby pinning said pixel capacitor at a low level of a reset line.
27. The method of claim 25, further comprising:

during the time said first transistor is operating in a sub-threshold
mode, draining excess charge from said integration node through a
conversion transistor thereby completely discharging an integration capacitor

connected to said integration node.

28. The method of claim 27, further comprising:

14



14 WD 2004/ 019605 PCT/ US2003/ 026207 separating said
accunul ated charge into color and brightness

w@ormpoment s; processi ng said col or conponent ; PERUS2003/026207
reconbi ni ng said brightness and col or conponents. 29.
The method of claim 28, further conprising: during the

PR A A GIAE FJof B Bl
compoabmatsge- accunul ati on phase into first and second

| ogarithm c phases corresponding to | ower and higher

saturation |eyels respectively; and during exposure
Brocsssing said cglar compangrtaadur at i on | evel s,
st andardi zing the output voltage of said circuit. 30.

ERg LR BlPhetia LAl g BRRE. ¥ g ' col of

Si gnal from the output of said pixel. 31. The nethod
of29¢| athe Meshddusftdisim 2@ fakdhet 6@mpesingng sai d second
| ogarithm c phase, setting a color signal fromthe
out put of said pixel to a predeterm ned m ni nrum val ue.

slzrmg tbf: xl@pe @ﬁuﬂ é@ﬁ‘lm‘éléWérqh@Fgﬁng coleqsedlagasitvmicallinn
o t t i d
avidinf iBen AR R A R\ R B Tt SRR 1o

logantﬁﬁl%iﬁﬂﬂdséi télges‘ﬁﬁﬁﬂgfg {d 18Wes 2hd hidH2e kRePRUS! BLVER deV' ce
to said integration node; 15 2004/ 019605

rcspectﬁ\(él’y‘,ldﬁélOOB/ 026207 a signal controller, connected to
said pixel circuit, for controlling t he

during exposure of said circuit to high saturation levels, standardizing

the output voltage of said circuit.
30. The method of claim 29, further comprising;:

during said second logarithmic phase, eliminating a color signal from

the output of said pixel.
31. The method of claim 29, further comprising;:

during said second logaritlimic phase, setting a color signal from the

output of said pixel to a predetermined minimum value.
32. A pixel circuit comprising;:
a photoconversion device;
an integration node, connected to said photoconversion device;
a conversion transistor, for accumulating charge from said -

photoconversion device onto said integration node;
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resetting, signal accumnul ation, and readi ng out of

said circuit; a selection transistor, responsive to
waaiod/osteghal controller, for selecting when sSBCTIUS2003/026207

integration node is to be read out; a readout circuit,

responsive to said signal controller, for readi ng out

8 Sfall CHRAIRY] ShrkeRS codRid prkdFiRhic) rbmmsam@g thef Or
accurul ati ng charge at sai‘'d integration node; a feed

resettinghsigogracpusdatiam end ceadieg bed of snid airduisj gnal
control ler and said int egrati on capaci tor a reset

connected to sajd si ntr ol and sai d
R BRI B PRrTerRATIe t8 ST At Ren el Sl hE < i o

thnsﬁqu@ 580 ‘[’?&é ﬁrtoqg:dré&x treadout circuit; and a

'tage supp i ne, connected to said accurrul ation
tranS| st or and al so said readout circuit. 33. The
pireselout icircuit ] resportsivai 1o s3id, signul icbatrotienfor siadgig owai d

phot oconver si on devi ce being a photodi ode. 16
said integration node;

an integration capacitor, for accumulating charge at said integration

node;

a feed through pulse line, connected to said signal controller and said

integration capacitor;

a reset line, connected to said signal controller and said conversion

transistor;

a read line, connected to said signal controller and said readout

circuit; and

a voltage supply line, connected to said accumulation transistor and

also said readout circuit.
33. The pixel circuit of claim 32, further comprising:

said photoconversion device being a photodiode.
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