23 February 2007 A W DE DYNAM C RANGE r BAR- AND- LOG

ACTI VE PI XEL FI ELD OF THE | NVENTI ON [0001] The present
invention relates to a pixel circuit which operates in
both linear and | ogarithm c regions, to obtai

i nproved dynani ¢ range. BACKGROUND OF THE | NVERR T qpary 2007

A REDINE AR GH LINGRE D ACT1Ve prxer,

accommodat e varying brightness I evels of an inaged -

scene. Several EIELE OF THIE SNVENTHON ar chi tectures

have been devel oped for this purpose. However, they
generalli i ncrease pixel circuit conplexity and _
pr e§@801{i f The prasergsinventivreslitecteeapia] piraust whidhzeperates in both

lin ngn- | i near. response %har acteristics, and

car %?‘Q@S@'? AC FEgIons, §R Qb Andmpsaked dymapicsangs.s. BRI EF
SUMVARY OF THE | NVENTI ON [ 0003] The present invention
di scl oses a spRPRGIOY ﬁquab?hﬁ ﬁg:hgg,ﬁwﬁ achi eves
I ncreased dynam c range by having bo atﬁlﬁnear and a
| ogarithm c response characteristic. A nethod of

ope[GO0RY tImagihy eystdnis 6ft60 nBEDYS Hevb pixels Q4pablld oPRthdling a wide
aspect, the invention discloses a pixel circuit having
dynamigrange te aecommndato verying brightiess lewels ofianiniged Samien §everal

. sourgekdrai n .connected to th | nt ation node and a
differesf ptec] Uit atchiteises Baye bpon devsloped fogthis prpsec.: Ficotear, they

gencra 3 Fanf BASE ki AP RECFLAPRGIAE bty e pice
size, nomlinextresporee Eh&aét&ﬁﬁﬂfs?iﬁ@-@ix&P&?-Pb@l SgRAIEVERRNS Ath&ite others.
one |l eg connected to the integralion node; and an

out put transjistor having a gate connected to the
i ntegration B«BEEFSUIMMERY FIHEUNVEDEHINs in a

i near node when the integrated charge at the node is
at r evel which causes the conyersion .. )
Cr oF908Y" ThE Berlinsehich dsdases iy Sl fichiggspprgebich
; I [
achicvey Tcieqsed Ayl oBBES 1A0EE SO { BAGS AN loRNMAR rEpBoc
charactegisticat Amethod of Wpetatinghepikdldifso provided.

[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/source 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 baving a gatc 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.




23 February 2007 [0005] In yet another aspect the

i nvention provides a nmethod of operating the pixel

circuit. The method includes operating the reset and

feed through pulse signal lines to provide a inum
reset voltage at a pixel integration node, pro%l gy 2007
the reset voltage as a reset output signal through an

out [R05} ardai yet another aspret the inycatian geovides hmethodiof operating

the pix th IhﬁEﬁ{:Ot di de d :Qggaan aﬁcunul atlggﬁa rlgghlpghcmgnal
ff
hncstoiﬂlﬁng@t oIn pro uce an | ge spm:f e m'f'ﬁ% no {eﬂ[og{r?gﬂé%CMt

voltageas Q\/ttsﬂtl"tﬂt {iﬁm ghan ofifpuit tﬂd&ﬁtor?ﬂédwﬁulaﬁhg 8hdrge at the
t hrough the out ut tranS| stor. [0006] These and ot her
node withzthe pho aﬁwr@agemmulmon umwlmth thetonvension

translstg'lf'garl &Sﬁﬁgn frorﬂm_qelﬁf ol | owi n&[g:gteg\ descrl’&h‘%ﬂ?ﬁ range to
Pmd“%ai\)ﬁég%%%mﬁ g. 177 sp W&%ﬁgw ani %aglon]bmut

signal tHeotgtedf oudpat pragsistek. | nvention; [0008] Fig. 2 is a
schemati c di agr am of the active pi xel circuit of the
present i nvention; tLOOOQ Fig. 3 is a timng diagram

deplQe06Y CHaesa@ndother fchmrpfs md advantages ofthe | mvgnugn will be
10 ra f . the raw linéar and
more clegilt s irpin the BUeBie Bejalvd drrbie of e inyeaiop which
Ei -' dar di zed I|near
Pm“d% oggF??%m C res%%ﬁ'g@ 9"5 onm “the Fig. 2 pixel;

and [0012] Fig. 6 is a flowhart depicting the process
of separ at i BRIEP DESGRIPTIONOF THR DRAWINGS e col or
and brightness signals outputted fromthe pixel
circuit of Fig. 2. 2

[0007] Fig. 1 is a block diagram of an imaging 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] Pig. 5 is a graph of the standardized linear and loganthnuc 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.




23 February 2007 DETAILED DESCRI PTI ON OF THE

| NVENTI ON [ 00131 The present inventign is enployed in

a CMOS i magi ng device generally illustrated in Fig. 1

by nuneral 10. The inaging device includes an %%FQXzﬁﬁzmn
pi xel s arranged in rows and colums with each &t
having a pixel circuit 100. The pixel circuit 100

provi des DETASEEDSDESTRIPINONUOE THEINVERGION gnal
VSI G as outputs during a reset and integration period

mhlch are captured by the sanple and hold circuit 200
121" Zhs flrs ol HYRAERn i hblte i oo MO Frapping device
s Gy e i ol oSh Sl ks ey of
s o e B b P e it i

nect ed. Th and hold ¢ ui t 200 provi des
100 proyides T esset s‘ﬂ@r@mﬁf aRixe] maage < E‘gﬂjé(md}ﬁlqytﬁﬂts AAyingq resct and
circui.t 1(}% to an arrpllfl er 40 which in tam provides

mtcgm‘ap% pgHar whigh axeraptwrsdibyethgisempleansk holst cieamit 20 respeasively in
gnal %q:d pi xel mag; signal (Vpzr - Vsic) as an
rcsponss&f)ﬁamp gistgngls SHS dforahe image sxggalg)laudum far the reset signal). A
anal o to di gltal converter 60 and fromthere to an
sample ppd ho 09 isprovidestfor eedi calumi of pitelsd Siriccathe pixels are
Si gnals from all pixel circuits 100 of the pixel

selectedhiny mpo\urlmr rpwofashios each pixebeolompwill hivaGilediufinlimeto which all

pixel circuit 100 in accordance with the invention is

pixels of thatrcolimnrane eoniedcacd. The FirgpleZind holdreitcuite200provides the reset
conversion transistor 116, an output transistor 120, a

signal Vygvarsbimage sigad 35l of a iRdl ciftuRT0®e6 86 amplifier 20 vhich in tum

feed-through capacitor 117. Also provided are a row

provides alsigntal sépgastntingthc Hiferéfdebativeen ghé Mcg;ﬁ?‘éﬂ Sllﬂgé'xmagc

RD, a reset signal |ine 121 rece| ving a

v, a¢h sufrrd THIS ifftterite r@-oéﬁl%d a}ﬂgﬂ% {!@&g]
(Vaor - ?ﬁg)ough atrgul se Si gnal FTP A voltage s{fggalﬁly [1re 1
convertt£60la88 FSA\theRyoMH ﬁx'i@wiel:ésﬁ& 80 ma?&%mw@@%m signals

the pixel circuit 100 conversion transis

from ”‘Jf‘?%‘?#ﬂ?‘%@a‘“?ﬁ'ﬂ%??%ﬁ%%?é@gpeéﬁ 4 fadgh, SHBHE"
ggpgﬁng?gﬁ“ﬁ% %&g&fﬁﬁﬁg eed r ou&ﬁcgiv'éé 25 bedtlc'fl is shown
ot A 2108 0 g 14 BB 120,

row select transistor 124, a photodiode 108, and a feed-through capacitor 117. Also
provided are a row select signal line 131 recciving 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
pulsc 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 cither in a shut-off dengc 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




3 23 February 2007 integration node 104. One
source/drain region of the transistor 116 is connected
to the rowreset (RST) signal line 121, while the
gate of transistor 116 is connected to the po
supply line VAAPI X 123, and the other source/ \é\%ﬁ‘ﬁ)maryzow
region of transistor 116 is connected to integration

. node 1 The phot odi,qde 108 is .connect.ed t.he

mﬁcgmpﬁpé@ﬂ@ﬁ% wasoutss/ deain repign of thesransisior phlx gompected to the
reqj of an.oufput transistor L20.is nnected to, th

row resg, ) Flgﬁelnlvmj:f&% theigaic ofrapgsister 336% oY to the power
120_i s, connected to the integration _node 104. The . :

supply fjne ¥AAPEG 123 canchthergthegsonree/drzin segion af@ansigtor 416 ixconnected

. rowselect_signal |line_ which receives the row select

to integraginnnodds, 10¢hi The phetadieode 208 issonncstadotesthgrintagzation node 104
transistor 124 are respectively coupled to output

and groundhsOnegout@y/duxid regiborf ani owspup granfigot 320\ epnnected to the
connected to the colum line 126 through the row

supply st SAAPIX 323 ivdiilerthe Zate ofwamistonl 20 inceimetted tothe integration
operates as a source follower transistor and provides

node 18498lhe gatetdfeowiselegetransistet 124 decommrkctedn thedewlslect signal line
[0016] As noted, transistor 116 has two operating

which reeeiees tHowwiddasighgl RIN aehilesthe salitde /dirdin @ogibas of che transistor
node in which the transistor 116 inpart$ a linear

124 ar@ véspeiétively édupléd fo'6uipat eMnsistor| 1200 BHE cotufipalind/326 at
node 104 during a charge integration period, while

the[UTB] OWRER tomectREE the éolma iy E236 throu Q:hétrbﬁf%elect

node which inparts a logarithm c output to the pixe

transistora22, ShdBatpuY tradsistor 176/ W% egﬁclé%u i i

operation of" the pixel ci W g_ow be f
providf Pl 1E idchlvec sl RAEed Rl ekt Mg, o 0t am o
b G i L T
mode ﬁ&‘gﬁ%ﬁ%ﬁﬁﬁ grf;?g”ﬁzlgﬁﬂfhén%ﬁw ﬁ&é@@?ﬁ%ﬁ@iﬂe@e?ﬁ@wm an
t S ed an . The ad put signal RD is alsp .
accumpfaedl piRFlfFags, at porle 103 i o Shsles ntsErade Peaipd, while
isgﬁtiin rea Ist)ﬁljltﬂ' f!rnsiscﬁr e was accunuyl.ated at . .
the othe3 SPHHREMOgE 1 &b Euerpld aperaing MOdE WHICE impaie e lpgerithmic
output:lotlé)I the p%(c)cei ?m'ang sitggffv’m accumulated at node 104.

[0017] The operation of the pixel circuit 100 will now be explained with
reference to the timing diagram of Fig. 3, which shows a typical frame cycfc during
operation of the pixel circnit 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 Vi, 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 tﬁnc tO At the time tl, the SHS pulse goes low thus
completing the sampling of the image signal Vg voltage fevel, At the time 2, the RST
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conpl eting the sanpling of the inmge signal Vsw

voltage level. At the time t2,, the RST 4 23 February
2007 line and the feed-through pulse line (FTP) go

| ow. This causes VPI X, the voltage at node 10§3th bezmw
set to the BST line 121 |low voltage. At tine t3] Ty
RST line 121 goes high beginning the process of

e s S5E e B ) 5% T e Vit 9B amose
Pl X- . i t4, the ETP || .high - .
104, s 4 to st B8R s d 21 o spifags, oA e €3, ar A5 fine, L2} moss high
. 2) .bel ow. VPI X = VAAPI X Vt (116) + I CETP/ CPI X x AM (2)
be 1PrQFess of resqutingthe pixel o Fhis eansessVBIX the voltsge at aede 104, to

, 117, CPIX is t total _capacitance at_the node 104,
begin incpgasing r%‘ﬁ#és‘égggmﬁ@( L&) ehttime thethaBRPline gacshighwhich
ow state of the FTP |line 119, as shown in Fig. 3.
causes {'BE’EQ? reachithe levehshawm in equagiar @)Ibebowoes. hi gh, thus

sanpling the reset voltage |evel by the sanple and
hold circuit 200. The pixel circuit reset voltage Vim

s PVRIRCEVARPTKNS@LI g1 CEFAPACRIRK ARfpand i o (2)

applied through the sSelect trarfsistor to the “colum
[in At, ti . the SHR pul sg goes | ow, ending .
the&iﬁ% i rYehese ﬁﬂ‘fﬁ FaP%quﬂB‘éfg WS’PPa‘AFOft]if% GFIX is the total
: i S ' [ I out _prac

capacicired oFthe b 308 arEAPTRURhAIR sht BRfer RIS e L 5 i and low

state ofithe FIP libd!1 190astshewnshilag, 4romt7 to t8, the

conversion transistor 116 operates in an shut-off node
and_a linear accurul ated charge signal is processed

at FOEL9DbdAtabe tinp t5,Ithe SEHR puble golee higlyy thussampling the reset
ra gi i_ﬁor 1&2 switches to a subthreshold operating .
voltage lesiel ¥ &nh¢ sumple an M&ﬁ& 'ﬁm%@m RetOltage Vpor is
producid 87 £ b8lout arbh 4 PO BBt LRl S8 o the
columntlifenB24.i ARsintd @)'ie SHIC phlsk Fols lﬂ% Qiiplitle of the reset

signal, as shown.in shown i'n equat ) bel"ow.

voltage waaizhetA/ithe RI) line @oEPladPeiding( the Tirst readout firdpess, and
beginning s aHasge SecImApI-{igicgsation) period., Durin the petiod fom 7 to t5,
the conversion transistor 116 operates in an shut-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 -Vi(116) + CFTP/CPIX x [AFTP - AR] .  (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. |



represents the instantaneous drop in VPIX at time t7
whi ch occurs when the circuit 100 begins operating in
a linear integration node. 5 23 February 2007 [0021]
At the tinme t9, the RD and SHS |ines go high, QEE 2007
charge accumul ation (integration) period ends ehryRry
accunul ated pi xel voltage VPIX is read out by the.
t r ap8@21Pr sAddie tith249athd RD md8HS lineypashighs the/chagge
and a new franme cycle begins. [0022] The SHS and .
ccumdphp (iocepration besand cnds apd e seugnilitesl Bird voliage VPIX is read out

ol t.ages ctively., .are sa . i :
by the Y3nifgF"1 20, EPER snepskel e SRR Fofif ¥y &lfic cvcle begins.
pul ses are produced by the signal controller 70 (Fig.

\1/2)|- pﬁﬂﬁ?] The SEINESER. YSréapdnd toswhén Miesignal and reset

ages  are then subtracted by anplifier 40 to.
voltagaspteapectivelyi drepiargiled.nigavida the contraldingsFP,(RD, ahd RST, the SHR

o 5H i 4o B s sl e 1o
states of ht he IfTP Iitge. Thgvvol t age |OR the FTP |ine
FSSibﬁ?ﬁL cThi e T YormAnetioast Vave "Plkai iy then subtracted by
‘. . T i i .
ampli T 0% B 851 S5 9080 0 Aifon ) o yEAPTD i e,

which 39 sticevis irBFig. 3tsyabotizes tid diffeeericatbegwedre theehighundhloslestates of the
104. However, as the anount of signal charge increases '

- FTP line, The volfagnon she FARsne coatdes themrony torachisvgrhathdigear and
g oot o8 2] BE P G AR o e 0 04,

+ This isunger I%%&F?‘%%%ﬁeoﬁc%ﬁ 8ﬁ§ﬁ '5‘5‘?‘ %‘r’ggg{rz\'/ggt he > they can
all be intdpeatiet] at the ngde 1040 Hovawediab the/arhounhofiignal charge increases to the

C

. illum nation conditions. As shown in Fglﬁg 3, the
point wheresoms everflowste the transistos 16 et timsytd o Kig: 8)xthgipbeto response

occurs at i xel. node 104 vol t . VAARI X - .
of the G3HF G5eiy GroB S IpRRATotRo e B EL R jRAA fd gepides 2 way to
‘ 0 . ) e . ) s
chion 0 10 BE oy MM on RIS 4 CplEL i, i
logarithelit expability@r kighel HhiminationconditidiisX)As sioWn in Fig. 3, the cross-
over between the linear and logarithmic regions occurs at a pixel node 104 voltage of

VAAPIX - Vi(116).

[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.



[0025] where GAINS: is the source follower 112 gain, t

is the integration (accunulation) tine as shown in

Fig. 3, Ip is the photodiode current, and CPIX is the
total capacitance at the node 104. 6 23 Februalr}é 2007
[0026] However, when the circuit 100 transiti ofsFgyuary 2007
operating in logarithmc node (tinme period.t8 through

£ 100211, 1 ReRAINRER (R0 o oo Bt 1§ obEARER IR logarichmic
mode (¥irelpdrityd ¢8 oG 1), khé photd Efirédkion sigRalPTE chsd bl l@Rpressed as
capaci tance of the capacitor 117, and the synbol

follows; epresents an exponential coefficient of the
subt hreshol d current of the transistor 116. Variations

inth ho |t 0 t t L1
causclCSr FtGer FERTY PRl AFRE pRioadIT " )
variations in the threshold voltage Vt do not affect
phof QXL e vehese GIFER iscthe capdcitanceodf thieacapacitorn }17,@8d the symbol
Because threshol d vaol tage changes. within the .

P represeaisan Sxpanentigheociigentafthe sub Id gpareneofthegmumsistor 116.

. fQr and the,. transjti | evel s . e .
Variaicyip BRABDUVIRBE Y o 1 Bl e RooRi{iahoss ofinbliy in
MOS tAlasistor@t Hewivet, YtiStiofnLint dhe tﬁﬁ@ﬂﬁd_‘ifolhg_@ W goR6t @'éc? n

of VPI X. Additionally, by subtracting Vim fromVs.,
photoconversion eharacteristi¢sl@theairenit 190. sByrpusstreshold voltage changes

. nsequently, Vt copponents are not_coitained in the
within (g GORVEIBIRR SRrsier LB calise tho game yebsiifiin AEh the rones and che
Lon. .gaiq 0 both th i n nd | Rit hm c o
transiciGP RV HeplsfRt B Uit tilaion (2) 46 stve, PE316) APt oo consribuce
Flige . en . ANt
to the (3, as shoﬁ ir?dtﬁheépgg%t iA?r‘lﬁt%OSl%ﬂg’ggtlg. Fort&ln‘gl( F@;’ijnvm,
variationain Wt{12(9 araalso beppremedaGamequarnly, Mtcongrarienes are man contained
t he thi&sﬁft]ol d voltage Vt. Thus, inproved uniformty

in the oytputs} thecigguit h@0ci rcuit 100 i s achi eved, and
problems with fixed pattern noise (FPN) are reduced.

E gg@%(éer ﬁsgg%tu'{@ﬂ:, I‘t@l ogg\(!)c\&%n tggﬁl 1&106&51 he RRgh s ﬁggEMC
operating regions are determined by the feed through capacitor CFTP, pixel overall
capacitance CPIX, and §, as shown in the equation (5) above. Fortunately, variations in
these parameters are much smaller than the threshold voltage Vt. Thus, improved
uniformity and stability of the circuit 100 is achieved, and problems with fixed pattern
noise (FPN) are reduced.

[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 cu'cuxt 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

7



represented as CPI X. CPI X consists, of course, of CFTP
but al so includes the capacitance of the photodi ode

108 and the sum of parasitic capacitances of the

circuit 100 such as the gate capacitance of tp

transi stor 120, and the junction capacitance o gfﬁl@”awzom
source node of the transistor 116. Prior.to a reset

completely resetsathe circnitod)Gy and eixcessehange fromiprevjeus imaging sydes of the

o t he pi.xeJ. capagci t.or ,CFTP and, its potential is
crcuit lllﬁézloﬁ? Hﬂgo‘aﬁtmm&qquwwﬁé’ﬂ%e RST line as °
shown between the tine period t2-t3 of Fig. 3. Because
of [0930P! PWHIR (BE Lails iPbj liAlsaBLchk@HoRI @Bat durin
IS m???/])di scC artggd frotr?wtr Ch:glﬁxl,pbggﬁtﬁﬁlagltlﬁ:sgg 'rmé?et 8
the timeRiiod t8At97 ang ckodss dharge 76¢ctlow) potsehebn the pitet node 104 is
circuit 100, and excess charge from previous jheging
drained thyough she trsasistsirld@. tAnether seatribwtion tgymors, ve resctting of the

i 00 RO LR LTS o OO0 i

. - S -
116 is o 1Bt M fhic phoBRlrila S TRORRGS, edliforel Pibrocument during
the resét @umeipttiod ddd nodadebicthe aeset opbrition:) sd chawr stable reset level for the

resetting of the <circuit 100 is that, during the
photodiede 108ican bscobtained for the subsequent apgumylasiggiporied, which thereby
transistor 116 is nuch |arger than the *photocurrent
reduces jmagefagr of ore, tenporal photocurrent “during the
reset time period does not affect the reset operation,

20, D813, “Pobkepcsatly igiciatacdasepisiodod 10k

u

exceptivallp s&omg,i e dcbamebited (intipeard) chggc|orothe APEdior\GRTP becomes
incomng Tight detected by the photodi ode 108 is

large. EHawereroanyt ¢xcess signal compongat(eracss charge) beeemes eempressed because

. Cha on.the capacitor CMbecones l.arge. Hoywever, .
the cirgy 180 Begins ORETENNE i b IR R08e. IR 53y, Hic i 100 can
shicet RS AHAC RS bl stmbic 50 ROl hpesis o i
humartéyt. HoRico¥s spedil Woldr phyoessing fuaogenytmdatdizsion) are still needed
resenbling the inage sensing properties of the human

for situagions mheze exceptiooally bright lightds incomingpritorthe phatodiode 108. Fig.

(standardi zatiop) ,ar¢ still_ needed faor, si.tuatjons.
4 showy te 52¥, BRRTIRHEFdipeq PIS PUTRH oltage PR Hhssirgtt | 0 wishgue any
procesBA e Ifhap@brobdslor 80. Fig. 5 shows the standardized pixel output voltage
of the circuit 100 after processing by the image processor 80.

[0032] When the circuit 100 is operating in the linear mode (Figs. 3-5), the
color enhancement gain Gc is at unity, i.c. equal to 1. When the circuit 100 is operating in
the logarithmic mode, the output range is divided into regjons 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 photodiodc 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
brighmess level of that signal. In region 1 of Fig. 5, the color enhancement gain Ge ranges
between 0 and 1 and is not affected by the image processor 80. However, when a pixel

8




4 shows the raw, non-standardi zed pi xel output voltage

of the circuit 100 without any processing by the

i mge processor 80. Fig. 5 shows the standardized

pi xel output voltage of the circuit 100 after

processing by the image processor 80. [0032] W Re Rty 2007
circuit 100 is operatlng in the |linear node (Figs.:

Signﬂis?MghPélm gen %@‘gl tcuit % I's opergt I%&gh?%éd(tG@-O) or set

toa preﬂﬂg valub¢Geut Gaininpbyehé imafio/proecison8d. -
regions 1 and 2, as showmn in Fig. 5, where the

dIVI din I|ne between the two regions is an ar |tr££y,
pr 4988&dni Kis myhﬂ»sfsmndamn prcyms RPloy image

pocs 4 1 o AR, Ao S B nd

bnghtn%sge eB&S SPh &%ﬁ%%mévou SPSAGINAENE Trdrh the amlugg to digital

ness | eve signal. I'n regron 1 of

convertér, 60 tseimdcdnnmﬁﬁncn: g@dlﬁhnclmgﬁ!ﬂ: 508t and 513 tyritie image
1 and_is not affect ed by the i mage processar

processgicfiby 3@%& is for baghgiesssignal cxfrrgtiomhranch 538 jis fog color signal

exeracti ahd biah 51434 e ?f%l g pRgagtion. ofo, i Blznfh B8 s ixel outpue
is rccon%tg%cg?ﬁgi(g 6%:%@1& f S Ph e sr@abndar dﬂlhggt&%cljﬁf mﬁ& processing
circuit torgutrayeits bylor bempohent. br braack 61288 colorggair factor is calculated from

breaki ng down | ogarithm c_pixel signals into separate
the pixe} gpeputdavel abﬁhfgm i Fig. éen:ggﬁ comn&pgmtﬁ ¢n muyjtiplied by the

ﬁmw@ﬁﬁ%&%%ﬁ%ﬁ ol ate 11t Fraocul bt Brb® cglogsignal and

brightn&sd 504 e @or e ﬁ?ﬁ‘ﬁ?ﬁé H¥ndH'S04 "B Rl RIRGRESPE ﬁls

Brarnch ss signal extraction, br

constru&t@d at thé procesding stepP2d. The bnghm&mcompdnmmc&ﬂhl processing
for color gain extraction. In the branch 508 the

branch p04 écqlmsmn addigio ndmmmedthwmg@w ) HPRLIE isegessary to
| th t
process (§uaidrcly ThE Folor cDibsnEl 5@%&??@85 Fo FRRihg.she ein 3,
2, |
e L

output,caltabution crror lnhm,smihtremn\ethﬂydiﬂaeto thedinear reépdrse with
col or gain at_processing step 516. From both the

increasipg ibsightaesso regpatclyqincrsascscolorneismin highdlwmination
pomonfh?d&rocess' rﬂovt‘)nr:‘gcr}:: agéwa fi rial col 'Orthv'h:,agdﬁn%%on

conditions at the processing step 516, the color noise can be suppressed thereby yielding a

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.



constructed at the processing step 520. The bright ness
conponent extracted in processing branch 504 requires
no additional processing (thus remains "raw'), but it
IS necessary to process (standardize) the color
conponent 508, 512 prior to &pplying the gain at?23 February2007
rocessing step 516. Because the photo signal is
Sigﬂﬁﬂbssed logarithmically in the pixel output,
calculation error increases in reconverting data to
the |linear response with increasing brightness, which
1.unf A pinedtednit, comprsiags col or noi se in high

illum nation ortions_of the . ipages. wever, . by . .
decrd ?tﬂ@onafslr%n éﬁm fon appEnyiptyie &arsr;?wg}s  fhatge integration
éﬁgﬁgitions at the processing step 516, the col or noise
can be suppressed thereby yielding a nore natural
| ookd figst| toansistirshaving one iofragepurde0@sY firaish kdrminal econnected to an
. pnvention has been described and illustrated with
n¢%¥é&@ﬁ@ ® to specific exenplary embodiments, it
shouagh Iest Uraeistdr ngératﬁhgtdmgysa@ehérig@ afte@AtiodMdriod in a first
substitutions can be nmade w thout departing fromthe
meds toi prowidd adinspreacstmutasion of eharge hy saidnbetagpnysrgion dgece up to

Lnvention Jd s, n to .be consid [ Mt h s
» By 2udEh JbPn anf o g Sishg Ahold Th Py Tae, 4 Rearithmic
acBe@RRti6h of B 8PPE i@ Bhétbednversich dedicd Afteekiidipredetefifiied charge

CLAIM5S 1. A pixel circuit, conprising: a
kﬁﬂéﬁﬁ@@ﬁ@éﬂgfon devi ce for accumul ating charge during

ac ' at i [k fi : Let oL,

i Detiaehct AL B8 toP EhpRbied o dapholeh QRARERAL and the other
legbonriented go adid dntegratdei nwiei d first transi stor operating

during said charge integration period in a first node

to provide a linear accunul ati on of charge by said

photp&p& IS ' et erm ned charge
2'I evel , a%% C?ﬂﬁggoggl\égg’ fr‘rwt;tgtép%ogﬁg% ide a logarithmc

ac c umubwputarircaft, aimaegied by sasdimdegratadronmiey far seastinglewti o ggnal at

aJ.ter sai d predeterm ned charge
said integration node.

P

3. The pixel circuit of claim 2, wherein said output circuit further comprises an

output transistor operating as a source follower readout transistor.

4. The pixel circuit of claim 1, wherein said first mode is a shut-off mode and said

second mode is a sub-threshold mode.

5. The pixel circuit of claims 4, further comprising:

wherein said first transistor switches from said first mode to said second mode

when a voltage at said integration node exceeds a voltage applied to a gate of said first

transistor minus a threshold voltage.




| evel is reached; and a capacitor, having one |eg
connected to a capacitor signal line, and the other
| eg connected to said integration node. 2. The pixe
circuit of claim1, further gonprising: an out PU, February 2007
circuit, connected to said integration node, for
readi ng out a signal at said integration node. 3. The.

6. pi xdihecpixgliicircait of glawn 1, wrherein nsaid RhotrropyRIsion  derige 1s 2

phBHhhﬂ@r conprises an output transistor operating as a
source fol |l ower readout transistor. 4. The pixe

circuit of claiml1, wherein said first node is a

shut - of f de and said econd node i s, a sub-threshol d .
7. nodhepixepggepit @ plagp,ﬁcm?xpregy |other;of he mylrgehg]dr 3 terminal

" q 3 o I r . r
of e ol Ao bl Sk M1 ol A IR st transiso
is varinkeatgé aatppmivditaget egrati on node exceeds a vol t age
applied to a gate of said first transistor mnus a
threshol d voltage. 11 23 February 2007 6. The pixe

8. Ci I Clelt ni@f] it Bf ElaimBY, @iRraiisald FBsk 0iae AWe sBidQapacitor signal
device is a photodiode. 7. The pixel circuit of claim
ling arepreraileto apploa reset woltaghte saslintegration 184@&i n t er mi nal
of said first transistor is connected to a reset
signal line and a gate of the first transistor is

9, Conﬂﬁﬁgﬁﬁlféirﬁmp_ﬁfdaﬁ@&tiﬂﬁﬁer BmpHkgpi xel circuit of
claim?29, wherein said reset |ine and_ said capacitor

si gridl output sircuit end p dixebselegtdingdpr gpesatingswd QuputgjEcuitgo read
-6 O 1.2. The pixel circuit of claim
ou@@?aérs?ﬁgcg{ag%#p% SI g;lmgh output circuit and a pi xel
select line for operating said output circuit to read
out said reset,  vqQltage to an output line. 10. Th .
10pi xéﬁheatﬁql&ﬂrp%f)?elagn WherpiE st tee)isgleg i1 opFIBBe to begin a
chhigB6ntkSraRBEp@RIe to begin a

11. A CMOS imaging device, comprising:

at least one pixel circuit;

a sample and hold circuit for storing a reset signal and an image signal produced
by said pixel circuit;

an amplifier for subtracting the reset signal and image signal;

a digitizer for receiving an output of said amplifier; and

an image processor for receiving an output of said digitizer;

wherein said pixel circuit further comprises:

a photoconversion device for accumulating charge during a charge integration
period;

a first transistor, having one of a source and drain terminal connected to an
integration node;

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



charge integration period. 11. A CMOS i magi ng devi ce,
conprising: at |east one pixel circuit; a sanple and
hold circuit for storing a reset signal and an inage
signal produced by said pi xg) circuit; an anpl i#i.._eerDruary2007
for subtracting the reset signal and i mage signal;, —a

digitizer for receiving an output of said anplifier;

aceuyaulation afehargs ycsaukphoteeonversioaidgyise alier sgist pradetermisgd gharge
le\geilgsillcéléq%ﬁﬁ andv\herei n said pixel circuit further _
conprises: a photoconversion device for accumul ati ng
c harggexpdtitdrNbaving ba¢ g domhegeditd arapgeitot sighalalife, mad the other
transi stor, ~having. one of a source and drain term na
legepmmected tp said dpteeratipndindst i on node; said first
transi stor operating during said charge integration
period in a first node to provide a |inear
12acc Urhel iatapimg defice bfclgan by, feether qohprismgnver si on devi ce
up to a predeterm ned, charge level, and.in %.sec%
mod MBI GYFYE cqnpesied oSl integpation nedp, fn Fpdigs
saiGAlePHIiBh h8fe.0f charge by said photoconversion device
after said predeterm ned charge |I|evel is reached; and
a capacitor, having one |l eg connected to a capacitor
signal line, andt at h | eg _connect ed.t Q. sai :
137 e i ftiee o 8mn . oeGin G el tafeti e cpmerises
anfoufful GanGQBPSPAE as Aot Bollovidr réddoht tr&RiaRct ed to
said integration node, for reading out a signal at
said integration node. 13. The imagi ng device of claim
1412, MISHELD 33 of UBHY 1 WhEHd sdidd - Sho ORI U8 Bde and
out pu r&AsIstor operating as a source toll ower
saidesRcndi mbdenil 2is§bdlireshold mode.

r.]=1dsignal at

15.  The imaging device of claim 14, further comprising:
wherein said first transistor switches from said first mode to said second mode
when a voltage at said integration node exceeds a voltage applied to a gate of said first

transistor minus a threshold voltage.

16.  The imaging device of claim 11, wherein said photoconversion device is a

photodiode.
17. The imaging device of claim 16, wherein the other of said source and drain
terminal of said first transistor is connected to a reset signal line and a gate of the first

transistor is connected to a supply voltage.

18.  The imaging device of claim 30, wherein said reset signal line and said

capacitor signal line are operable to apply a reset voltage to said integration node.

19.  Theimaging device of claim 18, further comprising:



14. The image device of claim1l, wherein said first

node is a shut-off nbde and said second node is a
sub-threshol d node. 15. The inmagi ng device of claim

14, further conprising: whergjn said first transjsst QL. 2007
switches fromsaid first node to said second no?é souary
when a voltage at said_inteqgration node exceeds

. a .

vol taRGEIHE SITe a%aé’l’g%ﬁ@efag%afpaomf?@tg saiq gEppP eIt to read
ou@ﬂ&?cs%&dﬂﬁgé%oi@oﬁfgﬁttﬂﬁe' 16. The i nmagi ng device of

clarm11, ererns |d phot oconversion device is a

phot odi ode. 17. The i nmagi ng device of claim 16,
wherein the other of said_source and drai term nal
2051 ecmiating: devitsnh agh 195 VEE L aHeh SHleptchd s Sperable to
beSin\Hardd MR ARGl € Of the first transistor is
eggnneg{éedl tgﬁzgl 2?5p| y voltage. 18. The i nagi ng device
of claim 30, wherein said reset signal line and said
capacitar signal .line.are operable.to apply a reset
vol thgtiod QL pEing AgPH FihsaETEee The | magi ng
devi@He@ingCptidBehSrated WhihRr at AT Fitio :nodld i JespBheltar y/ pixel
12007 ~an output circuit and a pixel select line for
signobdunngwchaagaintagradion pefipdiui t to read out said reset

voltage.to a tput |i.ne. : ' i ' .

o1 ai e g1 Bty 7 afivosy Bt {TReBaRE ittEpfin period
whe thé @binteo fGRRI @Hebtod eBiraé istitlPe itldshold valde petduae chdrge to

operating a pixel circuit, conprising: collecting
beﬂﬁ’@ﬁ'&ljé‘ﬂ&@@@é%ﬁ@?@% at an integration node in

I es . 1 . . . « .

|t 3P dafd, Rt Ganei B0 U ihidthly StRicring naid integration
pesibdit windrf said devliBoted nehaksi & Awivegsaid itlrestmpdd itodcausd ehargheto be

ampunt of said coll.ected char is,below a threshold
logagthygica YE%]t%'sCécd&‘ié?'lgémFgat‘%n&f%é%ql y coll ected at

sai ; ' Ldink! [ bi hditoR coupled to said

o P S5 AP AAOS, i e MR R conpc 0
integration node.
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22. The method of claim 21, further comprising:
during the time said first transistor is operating in a sub-threshold mode,

draining excess charge from said integration node through the first transistor.

23.  The method of claim 22, further comprising:
separating said collected charge into color and brightness components;
processing said color component; and

recombining said brightness and color components.

24.  The method of claim 23, further comprising:
during the time said collected charge is collected logarithmically, dividing said
logarithmic charge-accumulation phase into first and second logarithmic phases

corresponding to lower and higher saturation levels respectively; and



peri od when said collected charge is above said
threshold to cause charge to be logarithmcally
collected at said integration node; and prior to a
reset operation, injecting charge into a pixe
capacitor coupled to said iﬂfegration node. 22? ﬁgmaw2007
nmet hod of claim 21, further conprising: during.the
t i melUERE gxposuEs ofspighrdrcutt & high saiyeationilewsls, ptandardizing the output
- L node, draining excess charge from said
Voﬁ%??g?gﬁﬁgﬁhﬁbde through the first transistor. 23. The
nmet hod of claim 22, further conprising: separating
sai d_col | cJe cha into col.or and brightness
25¢ onpdirdnieeo 0%1%%% <L SPRIPEYNGT conponent; and
I eCQmBhpisiiE ssedrd 1BEArARMRE s URE LOIMUNSH From #ftoutput
The nmethod of claim23, further conprising: during the
of saidwpixshi d col | ected charge is collected
logarithmcally, dividing said logarithmc
charge-accunul ati on phase into first and second
26! 0gaMetnhethéd @F@ﬁﬁﬁ%,‘fﬁﬁﬁe@%@ﬁ?ﬂkiﬁ@& to | ower and higher
saturation | evels respectively; and 14 23 February
200 furigg spidgseesnsolpgpmthpfic phase, dtting)p colop signghfrom an output of
Sat ' Leve rdizing the output voltage
Sa@?&)geg?%b g%rdg%ﬁ?{néggﬁﬁﬁﬂ%?ﬁgyﬁod of claim 24, further
conprising: during said second | ogarithm c phase,
eliminating a color, signal froman output of said
27pi xd} PIXQbCIICRHEOMPIIRIBE: of cl ai m 24, further conpri sing:
duri ' Logarithm c phase, setting a col or
Si grﬁ‘;b?m?’?g?n"ezﬁ&gﬂ%% of said pixel to a
pr edetigtegiatien node) coanected ko gaid AHotodonyessin deiviceyi t

conprising: ., a photoconversion devjce; . . .
n’% irst tr%.nswtor,pttclr accumulating charge from ‘said photoconversion device

onto said integration node;

a signal controller, connected to said pixel circuit, for controlling resetting,
signal accumulation, and reading out of said circuit;

a selection transistor, responsive to said signal controller, for selecting when
said integration node is to be read out;

a readout circuit, responsive to said signal controller, for reading out said
integration node;

an integration capacitor, for accumulating charge at satd 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;

aread line, connected to said signal controller and said readout circuit; and

a voltage supply line, connected to said first transistor and also said readout

ciruit.

28.  The pixel circuit of claim 27, further comprising:

said photoconversion device being a photodiode.



an integration node, connected to said photoconversion
device; a first transistor, for accunul ating charge
from sai d photoconversion device onto said
integration node; a signal cgntroller, connectedd®q,
said pixel circuit, for controlling resettlng, Sl gna
accunul ati on, and reading out of said circuit; a
sel ection transistor, responsive to said signal
9C0nt"lFH% i%dl c:u]C Qirt ? € aﬁﬁtl' i the StRL b thd %ﬁ@ﬂ@%lﬂ&dﬁmmal
'S e 7 ead a réadout circuit, responsive t

is samdcisd@akeseﬂnter ol ler, for reading out said
i ntegrati on node; an integration capacitor, for
accumul ati ng charge at said integration node; a feed

3¢t hr %hlﬂéglﬁf deliB8 o FCQRNE Al & HeRei® 3hé ot H a drain and source
controller sald |ntegrat|on capacitor; a reset

tetminal is c@mepetcde@atezsetslmed signal controller and said
conversion transistor; a read line, connected to said
signal controller and said readout circuit; and a

31vol tBeen&HEPbYclhin21, vﬂﬁﬂﬂéiﬁ@h&@teb%f%ﬂé&mfgldhﬁﬁ e comprises,
transi stor and al so 'said readout ciruit. 28 The

Prior feh reset eperations applyingadaw siamel teame of gspurse apd draim fegminal of

sa hol rlsﬁﬁonvs%%{?% %ﬁnLF%Fo e' nrg;l &Pgaf)otrqgér?ﬂgingﬁ]c%néféharge into the

bryary 2007

rcurt o

pmh eichiof &l pihiiap safl ph&i’cﬁb’a@itcﬂr aadow devieLef 4 ebexilinel i s
connected to a reset |line. 30. The inmaging device of
claim11l, wherein the other of a drain and source

ztergﬂqe%ethqd 8%&%&?%}9 {n@ 'tl&é"fctso"fl The met hod

erern sald |nJect|ng char ge
conpubsegaentio iseid step & apphétg mﬂmm aignaly applpmlgw lngh algnalf\to said

nal to one a source. and_drain . .ter . Sa
onra.qg die squispsmgk %ﬁmatﬁamgak %ﬁ%ﬂfﬂféﬁt grnsistp %ﬂe %@P{%Sﬂd low
sigrABE L2 BN d kehBiEd bPehif BREDEphfi R, Af¥subsequent to said step of applying a
high signal to the source/drain terminal of said first transistor, applying a high signal to

said terminal of said capacitor.

33. A method of operating a pixel circuit comprising:

collecting photogenerated charge at an integration node in response to a pixel
signal during a charge integration period;

operating a first transistor in a sub-threshold mode during said integration
period when said collected charge is above a threshold voltage of said first transistor to
cause charge to be logarithmically collected at said integration node;

during the time said collected charge is collected logarithmically, dividing said
logarithmic charge-collection phase into first and second logarithmic phases
corresponding to lower and higher saturation levels respectively; and

processing a signal representing said charge collected during said second

logarithmic phase by setting a color signal to a predetermined minimum value.



pi xel capacitor and pinning said pixel capacitor at a

| ow | evel of a reset line. 32. The nethod of claim 31,
further conprising the acts of: subsequent to said

step of applying a low signalg applying a high sjgnal ary 2007
to said one of the source and drain term nal of Sard

first transistor while nmaintaining said_|ow signal on
34sai dheapshpdiof §aim o33y wheredn ﬂ%"a%?éé’% PEPCessing) campagss fefiing said
' applying a high signal to the
Coggaéﬁgﬁg@gﬁﬁzgé?ninal of said first transistor,
applying a high signal to said termnal of said
capacitor. 33. A nethod of operating a pixel circuit
conprising: collecting photogenerated charge at an
i ntegration node in response to a pixel signal during
a charge integration period; operating a first
transistor in a sub-threshold node during said
integration period when said collected charge is
above a threshold voltage of said first transistor to
cause charge to be logarithmcally collected at said
i ntegration node; during the tine said collected
charge is collected logarithmcally, dividing said
| ogarithm c charge-collection phase into first and
second | ogarithm c phases corresponding to | ower and
hi gher saturation | evels respectively; and processing
a signal representing said charge collected during
said second |ogarithmc phase by setting a col or
signal to a predeterm ned m ni num val ue. 16 23
February 2007 34. The method of claim 33, wherein the
act of processing conprises setting said color signa
val ue to zero.



