WD 2006/ 113489 PCT/ U52006/ 014179 GENERATI ON AND STORAGE OF COLUWN COFFSETS
FOR A COLUW PARALLEL | MAGE SENSOR FI ELD OF | NVENTI ON [ 0001] The present

i nventi on weheajsass@eneral ly to CMOS sem conduct or i mager pc1/d®608/014179
specifically, the present invention relates to the calibration of plural

pi xel signal chains in a sem conductor imager having a columm parall el
architecture. BACKGROUND OF THE | NVENTION [0002] Fig. 1 is an illustration
of a conventional four transistor (4T) inmager pixel 100 typically used in a
CMOS i mager. The pixel 100 includes a light sensitive elenment 101, shown as
a phot odi ode, a floating diffusion charge storage node C, and four
transistors: a transfer transistor 111, a reset transistor 112, a source

fol | ower tranGENERATIGN AND STORANGE OFCOLUMNSOSFSETS FOR An€ORUMN 100

accepts a TX control signal fopsRaRYERIMAEE gORnductivity of the
transfer transistor 111, a RST control signal tor controlling the

conductivity of the reset transi I W Iﬁl()NcontroI signal for
controlling the conductivity of %ihﬁéD S c]?)t ransi stor 114. The voltage
at the floating diffusion node C controls the conductivity of the source

fol | ower t[0g01$i St The piedentlifi@ertitirprelated gdneeallySto MOS sebliem ducedishtigers. 113 i's
presented at node B when the row select transistor 114 is conducting.

[ 0003] TheVietesdpesifiodlly, like preaasfieverdioh reteatext tottharedibs b idors ofiplirralipfiRel dignal m ne
whet her the floating diffusion node Cis coupled to the Iight sensitive
el ement 1Ghaingdn peemicpndyctosimegerdmvinga eeluaapajalle]endiitaciireby the | ght
sensitive elenent 101 during a charge integration period, or a source of

pi xel power VAAPI X from no é&g“&fiﬁ) i 1 WD 2006/ 113489
PCT/ US2006/ 014179 [ 0004] % %@F%MEW@%’ fol l ows. The ROW
control signal is asserted to cause the row select transistor 114 to
conduct. At the sane tinme, the RST control si %nal ) . .
Fig. 11is an illustration of a conventional tour transistor (4T) imager pixel 100
typically used in a CMOS imager. The pixel 100 includes a light sensitive element 101,
shown as a photodiode, a floating diffusion charge storage node C, and four transistors:
a transfer transistor 111, a reset transistor 112, a source follower transistor 113, and a
row select transistor 114. The pixel 100 accepts a TX control signal for controlling the
conductivity of the transfer transistor 111, a RST control signal for controlling the
conductivity of the reset transistor 112, and a ROW control signal for controlling the
conductivity of the row select transistor 114. The voltage at the floating diffusion node
C controls the conductivity of the source follower transistor 113. The output of the

source follow transistor 113 is presented at node B when the row select transistor 114 is

conducting.

[0003] The states of the transfer and reset transistors 111, 112 determine whether the
floating diffusion node C is coupled to the light sensitive element 101 for receiving
photo-generated charge generated by the light sensitive element 101 during a charge
integration period, or a source of pixel power VAAPIX from node A during a reset

period.



is asserted while the TX control signal is not asserted. This couples the
floating diffusion node C to the pixel power potential VAAPI X at node A,

and reset ge at node Cto the pixel power pot i I X, |ess
Wéir o/ Y3l Pt 006/

a voltage op associated with reset transistor 112. The pi Xxe out put s
a reset signal Vrst at node B. As will be explained in greater detail bel ow
in connection with Fig. 2, node Bis typically coupled to a colum |line 215
(Fig. 2) of an inager 200. [0005] Wiile the transistor 111 is off, the |ight
sensitive elenent 101 is exposed to incident |ight and accunul at es charges

based on {d0e4] evetheqdixé1N@0 lis\spatert asifalldws THeROW corites1@ezrial isegsatddomn
period. After the charge integration period and after the RST control

si gnal i scadise the hew sélgctttransishor T#fto cesductt Adts sinoy tihe2thetREE cxtrobdsignall
signal is asserted. This couples the floati rég diffusion node Cto the |light

sensi t i veisdsserted while theCh¥ cgetroksign ixnntaasgitedh dhis covples the fl9atingt or 111 and
The. acountifkiRn oot o Me@gh RasrorRUeHiLY AATICRIROds ity ia  S0S8E ot |
Dl ural; ¢y 3bmods Gof tneipisd iyenmaieitaf VAP 180 - SERAS R QB M T ot ons
Skt Lea 1 K Bingieton L7, M08 Bt ey A ViSParidde, B Bhiflbe®. D

i ncl ude rrafgplaaﬂa@a% gkea%ém&élpbélawtmgoﬁﬁé&%n_mﬁemgt@lﬂfde_ BGypicany thglledes row

circuitry O, colum circuitry 220, a digital processing Circuit 240, and

a st or age telgvolammllute 21Bh®ig. Apgfedn @fHEeabdh i ncl udes a control ler 260, for
controlling operations of the imager 200. [0007] The row circuitry 210
selects a row of pixels 100 fromthe pixel array 201. The ptZel

L 00=i it herqpber t s graipube 1k brir BRekeHThABLESIHUR 01 8 dkbald ho=t he 2

V\p2006/1 . 9 colum crrcuitry 220, via colum out put
lines 215inddert igheamd gccuandates chlsrgbdibase@ 2althe BVE1 61 thelinGH&tdght Musihg aVsi g

for each pixel in a row The rows are activated one by one in sequence to
send succebkage integratiohpeaiod. tAdterdheichargeé integrafidn period and after the RST control
signal is off, thereby turning off reset transistor 112, the TX control signal is asserted.
This couples the floating diffusion node C to the light sensitive element 101. Charge
flows through the transfer transistor 111 and diminishes the voltage at the floating
diffusion node C in accordance with the accumulated charge. The pixel 100 thus

outputs a photo signal Vsig at node B.

[0006]  Fig.2is an illustration of an imager 200 that includes a plurality of pixels 100
forming a pixel array 201. Due to space limitations the pixel array 201 is drawn as a 4
row by 4 column array in Fig. 2. One skilled in the art would recognize that most
imagers 200 would ordinarily include many more pixels 100 in the array. The imager
200 also includes row circuitry 210, column circuitry 220, a digital processing circuit
240, and a storage device 250. The imager 200 also includes a controller 260, for

controlling operations of the imager 200.

[0007]  The row circuitry 210 selects a row of pixels 100 from the pixel array 201. The
~pixelst0G-irrtheselectedrow-outpat-theirresetand-pixel-signalsVirstr Vsig-torthe—=

2



[ 0008] The columm circuitry 220 is responsi ble for converting the pixel
reset Vrst and photo Vsig signals into digital values that can then be

further pymagesmsabsgn the digital domain. In order to dopehigse0ke180! UM
circuitry 220 sanples and holds the reset Vrst and photo Vsig signals

produced by each pixel. An anal og pi xel output signal Vpixel is formed as
the difference between the reset Vrst and photo Vsig signals, i.e., Vpixel =

Vrst - Vsig. The pixel output signal Vpixel is then convert jpto a digital
val ue.  FolEgEY cipatiys22d, slacesilumin Qypat aes 2F%, rwhlgla samples wiﬂp@ thagesst put s

of several  pixels 00 in the selected row are_sinultaneousl anpl.ed and
el o anad BIALFERRLS Yrsh YHEdPT o) Bsel INRts0n] TRRGOHS e Favaied CTeATeomt put
to the djgital E"re cessjng circuit 240, V\€ni c irfor i mage processing on
the di gi FRICAYSR %E‘Sldp? gRebverqyy sierials °rFé’§é“.LEl S ZdPocessed digital val ues
are stored in the storage device 250. [0010] The controller 260 is coupled
to the pixel array 201, row circuitry 210, colum «circuitry 220, and

st orage [908ce ZHfk calnthipciomiitiys220ds resplonsibimfdrsonvepting thenpixhbresbioVest and
descri bed processing. [0011] Fig. 3 is a nore detailed illustration of the
col um cphota Vsig sBgtls iftte digitalwalued thatican thed(fe ftwtheripresessedlinitlae digjtabf

i dentical signal chains 30l1a, 310b. Each signal chain 301la, 301b is coupled
to two cdoonam.oln guder to deghis] thed ealumirneirqiiteyg|228samypleand hpidg thereset st
colum output lines 215 are coupled to a nultiplexer 310, which is_used to
sel ect t mg phgtemVsigmigrals psodueasl bywaduopixeh Antapalog pixebontysitisignad Yipixe] dent
processing. 3 WD 2006/ 113489 PCT/ US2006/ 014179 0012] The first processing
stage af famedmas the diffprence bebyeen thegigsetn¥rsbang Ysig signalsui-e. ¥pocel The

anal og processaor circuit 320 is, used to sanple and hold the reset, Vrst and
phot o VsVEstsi #ig1 dhegrixe Bypht §1iggﬁbV§1>«szlsSttheV§p§Vﬁrée§ infoendigitabvalteand hel d,
the analog pixel output signal _Vpixel can pe fornmed as the difference (Vrst
- Vsig) Hnager00mggs aﬁaitaangagalé(fl@rdp&qcﬁuwsugwhp@o Oqt@éltm@gse"ﬁr%ld%@ﬁ ng
stage | 81(530n ina 1%281%0%?1) r%vs %1@(9 s%n?u ?dne\g@llslgrhsa?r?pqgclitahg Selé,haend converted to digital

values.

[0009]  The digital values are output to the digital processing circuit 240, which
performs image processing on the digital values to produce a digital image. The

processed digital values are stored in the storage device 250.

[0010]  The controller 260 is coupled to the pixel array 201, row circuitry 210, column
circuitry 220, and storage device 250, and provides control signals to perform the above

described processing.

[0011]  Fig. 3 is a more detailed illustration of the column circuitry 220. The column
circuitry 200 comprises a plurality of identical signal chains 301a, 310b. Each signal
chain 301a, 301b is coupled to two column output lines 215 from the pixel array 201
(Fig. 2). The column output lines 215 are coupled to a multiplexer 310, which is used to

select the signals on one of the two column output lines 215 for subsequent processing.



anal og signal to a suitable level to be used as an input signal to an
analog-to-digital converter (ADC) 340. [0014] The anal og-to-digital
converter gsts the anal og Vpixel signal into a

di gi t al [ g AT 20898 "the digital value is routed to a dg%@?@?@g‘é?@%o
and stored in one of the digital storage |ocations 360 in the signal chain
301a, 301b. The digital storage |ocations 360 can be read by the digital
processin CIrCUIt 240 (Fig. 2) to further process the pixel signals in the
di gi t al ED% Thoofisyt pracessingevagerafter theanultiplemy 310He anhvalogiemnsesspsd
processing |s erforned once for each columm output |ine_215 coup Ied to
each si gfiasuitded.n L tepanalogprpcesser CH@%&%@U%FH@@&NFQG aBdthI@§]ﬂ¢ Eﬁﬁé‘é Vast

exanple circuit 220 where each _signal chain 301 a, _301b is upI E’@‘}ao t wo
col um o phofq Vsig sigma Seélmeaoghaanglewa\’wt,s‘éeﬁ hagebselpémml 1diibe e

describe roces twi.ce faor e ch o] atio is, . the
above ol ﬂ%@@%@gﬁgl \9E1>‘ﬁﬁ€%rb t[atw <§?fre¥%egf~f§ eﬂipﬁ@%o 1a,
301b a f| rst tine st one of the colum output lines 215 and a
second t PR anglog IM%@S%%I%f the colum output |lines 215. The

mul ti pl exer 310 and denul tiplexer 350 are thus set to respectively select a
first one of the two columm output |ines 215 and storage |ocations 4f~0
and~hen [8N3kt _dllsenettqgironessirig sthge islaroanalbg pairostage B30, which2dbriitiods the, 4
WO 2006/ 113489 PCT/ US2006/ 014179 | ocations 360. [0017] Al though each signal
chai n 304malogBignabto alsaitabledaveldbbeuisedyas22(npst sigaabtrean analogawedigitel

i dentical response, different signal chains 30la, 310b are likely to have
non- i deearivester (AENOB4s due to variations inherent in semnm conductor
fabrication, which nmay be seen as noise in the images produced by the

i mager 200 (Fig. 2). Accordingly, there is a need and desire to

econom ¢ andpyg v‘&'f{e V;pﬁ}:

circuit r@()g?] an | na%lgéﬂb Ssi%ﬁgéﬁés‘g‘t %?@gﬁ?ﬁ(/%%e%ﬂ% %E%ﬁgﬁgﬁal ns.

SUMVARY ' i rddifondVe-tiditdl value,

[0015] The digital value is routed to a demultiplexer 350, and stored in one of the
digital storage locations 360 in the signal chain 301a, 301b. The digital storage locations
360 can be read by the digital processing circuit 240 (Fig. 2) to further process the pixel
signals in the digital domain.

[0016]  In the column circuitry 220, the above described processing is performed
once for each column output line 215 coupled to each signal chain 301a, 301b. For
example, since Fig. 3 illustrates an example circuit 220 where each signal chain 301a,
301b is coupled to two column output lines 215, each signal chain 301a, 301b performs
the above described processing twice for each row readout operation. That is, the above
described processing is performed in each of the signal chains 301a, 301b a first time for
a first one of the column output lines 215 and a second time for a second one of the
column output lines 215. The multiplexer 310 and demultiplexer 350 are thus set to
respectively select a first one of the two column output lines 215 and storage locations

360, and then select a second one of the two column outputJines 215 and storage
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[ 0018] Exenpl ary enbodi nents of the nethod and apparatus of the invention
provide an imaging architecture in which a pixel array includes a

calibrati bfW1aTPr i sed of calibration pixels. The cai,& ﬁ]@&(jo%lfl%w can be
read by colum circuitry of the imging architecture to obtarn a sSeguence
of offset values that can be applied to digital values obtained from

i magi ng pixels. The offset values, when applied to the digital val ues,
permt the imging architecture to conpensate for differences in the

r esponselazhtipnx®60.si gnal chai ns used of the inmaging architecture. BRIEF
DESCRI PTI ON OF THE DRAW NGS [ 0019] The foregoi ng and ot her advantages and
features of the invention will becone nore apparent fromthe detail ed

descri pt f e aq@%fill "B t j i i jbgi(gig/ i
referenc O@?g})j[ he@g@gﬁ%fﬁy, n ar aw ﬁggia’laqu%mhor?{h@%lgggb?ﬁéﬁgr 1010l t?s@%fggfgs a
convent i giRAvd (HRA8EnREal $bspdrid@2dreRgt s&éﬁltchﬁﬁﬂ%mﬂ, 3I0BGRE 1ikely trharee hdie

pi xel of kig 7; 5 WO 200617 113489 PCI/US2006/ 014179 [0022] Fi'g. 3

i T ust r ajRetiel AeBPokiddsCHid toVy driaHBrk iEhér@RERT sedhicbh8uctdr AN Hor, nehick may
illustrates an i nmager constructed in accordance with one exenplary

embodi mepé s&in ddwoib@UEHd iRikigds QRddlicdd By tie inhAdat200Y(BE;. O A@Bqﬁmglzi tHeye f rom
the imager of Fig. 4; [0025]" Fig. 6 is a flow chart illustrating e

oper at i ofy dhecdl #ddbdte /I @RIriodgichlly hhe quidkgesliYatdirtiltifle A58allPAZG]infthe. 7
illustrates a processing systemincorporating the imager of "the present

i nvent i ocelubbnl &k &Ry 3 AeRinbld et CompdhsatNYENIh P RiatiBB8r3 bélavedretherchiiig. t o the
drawi ngs, where |like reference nunerals designate |like elenents, there is
shown in Fig. 4, an illustration of an exenplary enbodi mrent of an i mager
200" constructed in accor darSEMWMARWOR THEIIDNENTIONMN: i nvention. [0028] The
i mager 200" includes several conponents of the imager 200 (Fig. 2).

[0018]  Exemplary embodiments of the méthod and apparatus of the invention
provide an imaging architecture in which a pixel array includes a calibration row -
comprised of calibration pixels. The calibration row can be read by column circuitry of
the imaging architecture to obtain a sequence of offset values that can be applied to
digital values obtained from imaging pixels. The offset values, when applied to the
digital values, permit the imaging architecture to compensate for differences in the

response of pixel signal chains used of the imaging architecture.

BRIEF DESCRIPTION OF THE DRAWINGS .

[0019]  The foregoing and other advantages and features of the invention will
become more apparent from the detailed description of exemplary embodiments of the

invention given below with reference to the accompanying drawings, in which:

[0020] Fig. 1 illustrates a conventional imager pixel;

'[0021]  Fig. 2 illustrates an imager utilizing the pixel of Fig. 1;
5



These conponents include the row circuitry 210, digital processing circuit
240, storage device 250, and controller 260. The imager 200' al so includes
a new pi XWO%£/§%4@1 and new colum circuitry 220'. [PEEB0béolId 4, the
pi xel array 201" is drawn as a 5 row by 4 colum array of pixels due to
space limtations. One skilled in the art would appreciate that the pixel
array 201' would normally have many nore than 5 row and 4 colums. In
addition to the conventional pixels 100 (Fi 1) found in a standard i mager
200, thel0§RRel dfigayilhesirates edummeradby fspmghrs prageoaf Fign2202'  of
calibration pixels 100'. Wile each conventional pixel 6 W 2006/ 113489

PCT/ US2006/ 014179 100 produces reset Vrst and photo Vsig signals that are

used to [ormt an @yt pHtustfA8hn nﬂaﬁéeéorfsﬁﬁﬁeﬁ%' REoFdhrRe GOItH DAE @x¥in gatm? | evel
i nci dent |ght the calibration pixels 100" are designed to ou fixed

Ievel Cabinbbaihent Sf theadhdentich;one exenpl ary enbodi nent, the fixed Ievel
cal i bration signal corresponds to a zero signal. Thus, each calibration

pi xel 100" m ght be a dark pixel, i.e., a pixel i dentical to the

convent i |, pi xgl i || ust.rated i the |ight
sensiti V@E’thneﬁﬁgiégl?‘t%r%ﬂt lyEm ?lfwyrfﬂ%lﬁétéﬁmagﬁﬁf’wﬁJ h a pixel woul d
out put identical reset Vrst and photo Vsig signals, which wuld permt the
colum circuitry 220" to forman output signal Vpixel corresponding to the
zero si gfdR5] [ 00BQ] 6 Tehefloemclwrt dlistraying the opeeation of a digitdl pipelaiesiniibe from
the pixel array 201'. The pixels 100 in the selected row output their reset
and pi xelmageggrodFég. M and Vsig to the colum circuitry 220', via colum
output lines 215, which sanples and holds the reset and pixel signals Vrst,
Vsig. [0031] The col urm circuitry 220" also converts t he reset Vrst and

phot o Vsl(ﬂzg] gngd: gﬂy i1 h@é b?oce\éﬁhg%gsteﬁ’{‘ﬁﬁﬁ nlg ting the g’éf BPﬁ{e gé}ﬁssed

in the drgital digta rocessi The

circui tr2R28onenpl oys a colum parallel architecture in Whl ch out puts of
plural pixels of the selected row are sinultaneously processed by nmultiple
signal chains. As will be explained in greater detail in connection

DETAILED DESCRIPTION OF THE INVENTION

[0027]  Now referring to the drawings, where like reference numerals designate like
elements, there is shown in Fig. 4, an illustration of an exemplary embodiment of an

imager 200" constructed in accordance with a principle of the invention.

[0028]  The imager 200" includes several components of the imager 200 (Fig. 2).
These components include the row circuitry 210, digital processing circuit 240, storage
device 250, and controller 260. The imager 200" also includes a new pixel array 201" and

new column circuitry 220’

[0029]  InFig. 4, the pixel array 201’ is drawn as a 5 row by 4 column array of pixels
due to space limitations. One skilled in the art would appreciate that the pixel array
201" would normally have many more than 5 row and 4 columns. In addition to the
conventional pixels 100 (Fig. 1) found in a standard imager 200, the pixel array 201" also

includes a calibration row 202’ of calibration pixels 100’. While each conventional pixel



with Fig. 5 the colum circuitry 220" al so derives, for each colum out put
line 215, an associated calibration value, which is applied in the digital
domai n to“ghﬁ [ Qideal value produced by each signal chajhyg ce a
corrected di gf’?% !u%?al ue. [0032] The corrected digital vgét}éggiaa?dgélgg?put to
the digital processing circuit 240, which perfornms inmage processing. The
results of the imge processing is stored in storage device 250 for further
processing or output. 7 WD 2006/113489 PCT/ 1352006/ 014179 [0033] The

cont r ol | KI0 peduices msapVest and phetopisigbignalsdhabare ysedow formear owipu signal
colum circuitry 220", and storage device 250, and provides control signals
to per f oYpixel that xvige injaceoripace witbodeselaf infideshlight, ghe salikragionipixels 10Qt i on
of an exenp] ary enbodi ment of columm circujtry 220" for the inmager 200" of
Fig. 4. aeidesighedin aitpetiixed levebeglibrationsignal. Jmpng exemplayy epbodimagt udes
a plurality, of identical signal chains 30la, 301h. Each signal chain 301a,
301b i s thedixsddavelsalibration agnaksorersPpnes (o Agerosignal %@aa? calfbration
201'. In one exenp

20 RAE BT B iR sl eS¢
215 i ABBaRiEton FiEt b it 1 DUHCe SR e RS E LEmenE O GIRIBR AR 11 nog
219 2 UL FTghP A AR S B0 S Sl S Ve
520, Thevaird BHIF Bk EapE ofnhh Prg3gh 2 BoRl-EARsRE SRBETTRRY ne' rccer
Vr st ag&rg#ggﬁg@%ﬁe%%ggggce both signals Vrst, Vsig have been sanpl ed

and hel 0g piXe put signal Vpixel can be forned as the
difference (Vrst - Vsig) of the two signals Vrst, Vsig. [0036] The next
processing stage is an anal og gain stage 330; this stage 330 applies a
control I[Q8$@ gaiThetrow cimdiitiyol( sedecinaroy of ipixels 100 frons the phiebatrey@01t o be
used as an input signal to an anal og-to-digital converter (ADC) 340.

The pixels 100 in the selected row output their reset and pixel signals Vrst, Vsig to the

column circuitry 220’, via column output lines 215, which samples and holds the reset

and pixel signals Vrst, Vsig.

[0031]  The column circuitry 220" also converts the reset Vrst and photo Vsig signals
into digital values, which can then be further processed in the digital domain by the
digital processing circuit 240. The column circuitry 220" employs a column parallel
architecture in which outputs of plural pixels of the selected row are simultaneously
processed by multiple signal chains. As will be explained in greater detail in connection
with Fig. 5, the column circuitry 220" also derives, for each column output line 215, an
associated calibration value, which is applied in the digital domain to the digital value

produced by each signal chain, to produce a corrected digital value.

[0032]  The corrected digital values are output to the digital processing circuit 240,
which performs image processing. The results of the image processing is stored in

storage device 250 for further processing or output.



[ 0037] The anal og-to-digital converter 340 converts the anal og signal Vpixel
into a corresponding digital signal. [0038] The digital signal is routed to

a denul tb’gﬁgﬁyﬂg‘@ and stored in one of the 8 WD 200?&&@%&%/014179

PCT/ US20 digital storage |ocations 360. [0039 storage

| ocation 360 in each signal chain 30l1a, 301b is coupled to a bus 510. Al so
coupled to the bus 510 is an offset nenory 520 and a logic circuit 530. The
of fset menory 520 and logic circuit 530 are used to provide calibrated

val ues {@38he dZ&he costrollex26thisspupkagktd the gixed merayel’,| novo nizcwiegrgiloar y

enbodi ment, the offset menory 520 includes two sets of menory storage

| ocat i ogelusan cirguitry 2 harwbstopigadenics 250, endqrovidasaonsred signalhie perform

i ndi vi dual nenory device, so that the offset menory 520 is actually two
nenory de&pleee desrribad p3ogessimig er nati vel y, each set of menory storage

| ocations may be a portion of a single nmenory device 520. [0040] The signal
chai ns 301a, 301b, bus 510, offset nenories 521, 522, and logic circuit 530
forma doapat al Pigglis BR ildstraticiof At Eedrhpla@yl ehibddifhen® of ESIRmS® bi#BliHSI 220Ui LTy
220" includes a single digital pipeline 221'. However, the colum Circuitry
220" mayor fhelitt@er Qd)@fro’ﬂFig.izgilLiﬁb cBieh iciiesitd?220 (Hig. 3isedliesh ciraghype’ of a
plurality of digital pipelines 221' nay be associated with different rows
of the imgdgéés a phuratispopidentical dgnalrdhghis 30du, 3WD. mdch\@%‘idie:haimmdabﬁ)lﬁ is
digital pipelines 221', where R and S are integers and is divisible by S.
Each di gotipledopdiiraieoRih owtplitilihes 216Spemt the gliyvel ass0c20it’ e fn vhe kxemplargk  of
R'Srows. In colum circuitry 221'with plural digital pipelines 221", the

pr ocessienpodirplenty edels signad dhaint301a,801bds cowplEddo torocariuine @etpiud dinesi215.

si mul taneously by each digital pipeline 221', thereby increasing processing
speed. [Poefétdblfi gne @lumraot tpuwlink216 is hdsosiated widh @modd evpimnyofpxdeowliR0 of
operation for a digital pipeline 221' of the colum circuitry 220" of Fig.
5. The npothed cobonheyitpiat lne 217 ispss@iated with eaeyendiotwsn of pixelst dpeS1.

[0042] At step S1, the calibration row 202 (Fiag. 4) is read by the

pl ur al i ©9lughn ouipiat lines 215 are coupled to a multiplexer 310, which is used to select the

signals on one of the two lines 215 for subsequent processing.

[0035]  The first processing stage after the multiplexer 310 is an analog processor
circuit 320. The analog processor circuit 320 is used to sample and hold the reset Vrst
and photo Vsig signals. Once both signals Vrst, Vsig have been sampled and held, the
analog pixel output signal Vpixel can be formed as the difference (Vrst — Vsig) of the
two signals Vrst, Vsig.

[0036]  The next processing stage is an analog gain stage 330; this stage 330 applies a
controllable gain to condition the analog signal to a suitable level to be used as an input

signal to an analog-to-digital converter (ADC) 340.

[0037]  The analog-to-digital converter 340 converts the analog signal Vpixel into a
corresponding digital signal.

[0038]  The digital signal is routed to a demultiplexer 350, and stored in one of the



chains 301a301b_ That isthelrality of s~enal chains 301x, 30 axe Qe tell
-to 9 WO 2006/ 113489 PCT/ US2006/ 014179 receive the reset Vrst and photo

Vsig si gw%d‘mﬁﬂggssoci ated calibration pixels 100". | pCTR@%C?g;gEm ary

enbodi nent, eac al i bration pixel 100" outputs reset Vrst an oto Vsig
signals which correspond to a black signal. Accordingly, the anal og Vpi xel
signal, fornmed fromWst - Vsig also corresponds to a black signal. The
anal og Vpixel signal is then digitized and stored in respective digital

st or age digited stayage Bs@tions 3pP.evi ousl y di scussed in connection with Fig. 5.
The net hod 600 proceeds to step S2. [0043] At step S2, the logic circuit 530
determ nes the maxi numreadout value from the calibration row In the

pr evi ougdosgfi scRARPsoRABIAN SED AR gndlkRag ity BOIION cchipied & 4885 each

out put signals which correspond to bl ack. Accordingly, each difgital value

stored BmO.t Aﬁoséd@{gﬂ&ftd PR 136R dffsebX@ed bR 4éHE catauBdot fMhe zer o
val ue. The nethod 600 proceeds to step S3. [0044] At step S3, a reference

level i sffeed rauindire @20 yntlegicaticaitB30cte 1s&B b ptavids ealilereeed values eotesiatant ,
the reference level is sinply the maxi num value read fromthe storage

| ocat i ostorédth storage lochttone860. Elncend exeatplasy embpdirdent, ¢hé bésétrmginore 520 | evel
of the brightest calibration pixel 100" read fromthe calibration row 202'.
A guar dindihdes tiwo sdte of freemonf staragedbtatisi 521y 822 dfach setyf ahanolbestatkged t o
each value to mnimze the risk of values subsequently read fromthe

cal i br aléocationsmayxoean imdjvidual re¢rmoendevicesel thdtithe offsetinnemote bpbisal
variations, thus ensuring that the offset values wll always be positive.
Addi t i onetulally twepaentozy defvines 82& and|528s Adteynafdvelsi eachi seéof femergcdtorageor in
a color_inmager. The nmethod 600 proceeds to step S4. [0045] In step S4, the
cal i br aﬂ@c@ﬁogsmysbempormnpﬁesmleememwyrde\m5292' is read again. That is,
for each calibration pixel 100", the reset VWrst and photo Vsig signals are
read again, the anal og pixel signal Vpixel = Vrst - Vsig is forned,

di gi ti zeeha0pnd TRe BRHRI LiRsins 361h, 3016, BIRIF10MoAE ReRSSRIS21, 525! 8Rd Fgic 10
circuit 530 form a digital pipeline 221". As illustrated in Fig. 5, the column circuitry 220’
includes a single digital pipeline 221’. However, the column circuitry 220’ may include
plural digital pipelines 221’, if desired. Each one of a plurality of digital pipelines 221
may be associated with different rows of the imager. For example, in an imager having
R rows there may be S digital pipelines 221, where R and S are integers and R is
divisible by S. Each digital pipeline 221’ would be respectively associated with a block
of R/S rows. In column circuitry 221'with plural digital pipelines 221’, the processing
below. described with respect to Fig. 6 can be performed simultaneoﬁsly by each digital

pipeline 221/, thereby increasing processing speed.

[0041]  Fig. 6is a flow chart illustrating an exemplary method 600 of operation for a
digital pipeline 221’ of the column circuitry 220" of Fig. 5. The method 600 begins at
step S0 and proceeds directly to step S1.

[0042]  Atstep S1, the calibration row 202’ (Fig. 4) is read by the plurality of signal
chains 301a, 301b. That is, the plurality of signal chains 301a, 301b are operated to

9



WO 2006/ 113489 PCT/ 11S2006/ 014179 [0046] At step S5, for each columm, the
of fset value is calculated. The value stored in one of the digital storage

| ocat i onsy@Sfhei183488/bt racted fromthe reference val ue fopchfigboosephiym. This
difference forns the initial offset value. During the initial iteration of

this process, the initial offset value is the offset value and is stored in
the offset nenories 520, 521. During subsequent iterations, as long as in

step S12 (describe | ow) _t he xi num val ue does not exceed the reference
val ue, F9f8IverferasetVastend pho Vegmgas rorg af»SOés@;S%%Fél}ffWelf 160 R he

Sl e S Bt SRR ik
S 47] . A .
e o0, 800 BEESec 2oL Bo Sy Ol gl S5 Bl PRI
e SRR oA 09 Pkl S R o L A e E S TSI L
gl : f : T '
e, ISR PRSI P
e e G e e T

Vsig signals fromthe target row That is, the digital offset values (from
step SS% are added to the digitized Vpixel values of the active row (from

step S6)004%he ndt sy S0 thelogieedneit B3Gdetprraines the praRimam geagodsaluafonager
200" has conpl eted the_processing of the current row and therefore, another
(e.g., thecalibgatjon i én she pravaougly disrussed exeanplary embasiiment, the calibratina
current frane has been processed, the current franme advances to_the next
frame aﬁH‘e?&]r@ ﬁ%ﬁlg@@t%\ﬁag@%m%@ e respopd tprt&aﬁi-réﬁccrrgmglwemgﬂal
situations, the nethod 600 _prqcee fo step,S9. However, if there are
a1 oNaNesREdl e S&ﬂre&%@éaonﬁgés%@ expesiedrip cluslgkarauind lifli@tzi%‘%lvfﬁ‘ﬁceeds
to step..o6. 006/ 113489 PCJ{ US2006/ 014179 [0050] At step S9, the

?"ﬁ‘é Eﬁ"et]fﬁ%%\goé Bﬁ‘a%ere]élé 1? REER

l ogic c 'n level applied to the gain

[0044] At step S3, a reference level is calculated by the logic circuit 530. In one
exemplary embodiment, the reference level is simply the maximum value read from the
storage locations 360. I.e., the reference level corresponds to the brightness level of the
brightest calibration pixel 100 read from the calibration row 202". A guard value in the
form of a small positive value may also be added to each value to minimize the risk of
values subsequently read from the calibration row exceeding the reference level due to
minor temporal variations, thus ensuring that the offset values will always be positive.
Additionally, separate reference values may be maintained for each color in a color

imager. The method 600 proceeds to step S4.

[0045]  Instep S4, the calibration pixels 100" of the calibration row 202’ is read again.
That is, for each calibration pixel 100, the reset Vrst and photo Vsig signals are read
again, the analog pixel signal Vpixel = Vrst — Vsig is formed, digitized, and in memories

360. The method 600 proceeds to step S5.
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stage 330 of the signal chains 30l1a, 301b with the previously used gain
| evel s, and determ nes whether the gain | evels have been changed. |If not,

t he previ ulated offset values are presuned t j d the
met hod 66)86%{)%@3%32 to step 510. However, if a differ e%?q@§¥@6{°g4lg€i ng

used, the previously calcul ated offset values are presuned to be invalid
and the nethod 600 proceeds to step S1. [0051] At step 510, the calibration
rowis read again (e.g., like step Si). The nethod 600 proceeds to step
S11, whé0@46] he Amstep(h, foi eschi ldmingthe offset felug is chldudated e Thg2)alue Ftoeedret hod
600 proceeds to step 512. [0052] At step 512, the maxi mum value is conpared
to the imbne ofthe digitabstorige losatioms3eimsubtractedSromeheaseferengee valve fafthabnce
value, the reference value is no |onger valid and the nethod 600 proceeds
to st epcsiumn.oThisdifferenag founs theinitialoffret valwep DOurdng heinital itemationof #higi num
val ue i s not g{ieat_e_r than the reference value, new offsets are cal cul ated
when t herageshdhe suitiappHseiamiue i the offsebvalpgand)is stpsed in dae offsgtyaemgaiger at ed
in step S5 are_stored jn the offset nenory 520. In._ one e_er'%)l ar

enbodi nBA, 52 hOuring eibsegyent Yerationsqs IpREga in lep He cetion Delop) dhe o v ay
formed abovye the pixel array 201', and the qffset nepory. 520 conprises of a
first W%X@M@P%%C%@ thegsteraperyslugdhednits yalus,ean beersnhingdyi ce
521, 52

is respectively used to store offset val ues associ at wth a
parti o ulisF SSHBIA, 20 REAEE) Wi TtoVSI Stiset 1Rl (R B et ¥alge1 a,
301b. For anpl e, .nmenpry device 52 be used to store offset. val ues
Sssoci atisrety pRriHEE Bebreeluiiedahe Rter BhoM HiparetoR T Su mile IR oo
522 may.be used.ta store poffset | ues associated with even pixels. The use
of two ;E‘ﬁé’?";ﬁ8dr¢@9ﬁﬁc?ﬁ§&t8é e%%@, 522 may be advantageous in col or imagers
because the color filter array typically inplements a Bayer pattern, in
whi ch alternating =pixe-|sofeaehro~are associated=witl~two alternating
eol ars [00#d} h- aAt stepf 3 thendset Vid an0 2i0e6/Visig 43t aRATOGEROGLTE40R0f pirels
menory 521 may be used to store offsets associated with pixels of a first
col or, 10Hidféheimager20ttimrepdsiR asagcibedmadog pixe] valiedV piel forawshendt ed

with pixels of a
then converted into digital form. The method 600 proceeds to step S57.

[0048]  Atstep 57, the offset values calculated in step S5 are applied to the digitized
Vpixel values from the target row in step 56. In one exemplary embodiment, the values
are applied by summing the offset with the digital value correspond to the analog
Vpixel voltage formed from reading the reset Vrst and photo Vsig signals from the
target row. That is, the digital offset values (from step S5) are added to the digitized
Vpixel values of the active row (from step S6). The method 600 proceeds to step S8.

[0049]  Atstep S8, the imager 200" has completed the processing of the current row
and therefore, another (e.g., the next) row is selected as the active row. If every row in
the current frame has been processed, the current frame advances to the next frame and
the target row is selected to be the first row. In such situations, the method 600
proceeds to step S9. However, if there are additional rows to be processed in the

current frame, the method proceeds to step Sé6.
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second color; this provides a nechanismfor adjusting offsets on a per-col or
basis. Additionally, it should be noted that in a color inmager, each col or
may have | ,ndependent gain value. Thus, for a c ' r,. step S9
determ neegb\?\z?rqfe?wg?@t he gain previously used for the saMMZWég%een
changed, and is performed for each color of the imager. [0054] The present
I nvention is therefore directed to an inmaging architecture including a

pi xel array having a calibration row conprised of calibration pixels and

col urm dD0&0]i t r Attshep S9,cthddogibeirouitpd0 compahes thelgatim davedapplied to tibgzinn a
sequence of calibration values which can be applied to digitized pixel

si gnal \stdges330 ¢fabesignial ghains SAtasS03l stitntlrgpreviousipused gpirolesrskpandyst em
nodi fied to include an imaging device 200'° of the invention. The system 700
i s exenpleseyniogs wheyherthergain ryeldiayietkdenghaoged s Ift el theoptayiousty caleulabedye
sensor devices. Wthout being limting, such a systemcould include a
conput eroffsgtvalines srampresumeast tohe wdichared thevenethod 640 pregeeds ve biepl H0.

navi gation, video phone, surveijllance system auto focus system _star

t racker Heyevemnf adiffesentogainds beingaisedetne previgusly ealcslated oifpeigmluessag
systens. [0056] System 700, for exanple a canera system generally conprises
a cent r JITeSHRY é%gﬁhﬁvﬁlﬁgﬁn@meﬁbgd? 6Q0,procgeda toiePeYr ocessor, t hat

comuni cates with an input/output (1/0O device 706 over a bus 720. |naging
device 200" al so communicates wth the CPU 702 over the bus 720. The system
700 al's c7r0®51<}l udeg stenSTONthE esliisratiBh Fonyis cEMhgaitde.gaNkecatBp lsr.lﬁl Theniethdy abl e
menory 714, such as flash nenory, which also conmunicate with the CPU 702
over the&0bwsodedds td Beep SHQ wlgerd éhve aexafflim valay ibdeteemined de. g, like 3taprsy)essor,
such as a U, digital signal processor, or m'eraproces~(c§d~;

ci t hz- wihemethod@D0ystoceedetomstep S32i ngYet i nt egraecl circuit oon a 13 WO
2006/ 113489 PCT/ US2006/ 014179 different chip than the processor. [0057] It
shoul d be appreciated that the i nager 200' nay be fabricated on an

| Nt egr AT T Cierf B g BRBAIERY 21¥is LBRPaPAPRS W LLRHEL Ohfiel TEdHATe 2

nmet hod

maximum value is greater than the reference value, the reference value is no longer
valid and the method 600 proceeds to step S3, so that a new reference value can be
determined. If the maximum yalue is not greater than the reference value, new offsets

are calculated when the method 600 proceeds to step S5.

[0053]  The offset values generated in step S5 are stored in the offset memory 520. In
one exemplary embodiment, the imager 200’ is a color imager having a color filter array
formed above the pixel array 201’, and the offset memory 520 comprises of a first
memory device 521 and a second memory device 522. Each memory device 521, 522 is
respectively used to store offset values associated with a particular one of the column
output lines 215 of each signal chain 301a, 301b. For example, memory device 521 may
be used to store offset values associated with lines 215 associated with odd pixels, while
memory device 522 may be used to store offset values associated with even pixels. The
use of two separate memory devices 521, 522 may be advantageous in color imagers
because the color filter array typically implements a Bayer pattern, in which alternating
=pixelsofeach row=arewssociated-withrtworalternating-eolors=Irrsucharmrenvironment;=
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manuf acturi ng an i mager 200" having the colum circuitry 220'. For exanple,
I n one exenplary enbodi nent, a nmethod of manufacturing an inager include

t he steps iddi ng, over a portion of a substrate c ' to a
Sh B padlg,

single in clrcuit, a pixel array including imging piX 0 and a
row 202" of calibration pixels 100', coupled via colum lines 215 to colum
circuitry 220'. The imaging 100 and calibration 100" pixels, colum I|ines
215, and colum circuitry 220" can be fabricated on a sane integrated
circuit usiengetnooywh23emychadsed tr stbeboffseds associatehmiiupixeld @068tst Whldre t he
I nvention has been described in detail in connection with the exenplary
enmbodi nerwkile anothko mamory SRdeay thestbed haistarh offsatsassodatedswithtpikelsiof ed t o
the above discl osed enbodi ments. Rather, the invention can be nodified to
i ncor por #eeoncheglopthissproyidessa mechemism for edjustingsfésets ob gmeroleaasisor
equi val ent _arrangenents not heretofore described, hut which are .
comensurdd@itignaRy i i shawid be nafied thabivea erlor Haagemeach rlar MRchavd HyPYn t he
invention ii;s not limted by the foregoing description or A drawings, but is
only | i nithdepasident gagrwpiaeo T hugclog grolerdinages step 59 etgrmings whesher the@ai) ned
is: 1. Acolum_ circujt for an i er, conprisipng: ,.a plurality of colum
readout RTREOUSlY Wied: for ithg same splog das bran § angadh i @ﬁFéJOéﬁﬁdrfOBS?%COIOT of
associated wwth N of said plurality of colum readout lines, where Nis an
i nt eger dF€HP8EC% han one, each signal chain conprising: a multiplexer; an
anal og processor circuit; an analog gain circuit; an anal og-to-digital
converter; and a denultiplexer; at |east one nenory, said at |east one
menory cd0@i] ni nFThh presgredhveretioreisthyrefofeatiagtediteean ipeagirgy grehitecthaé n, each
of said nenory storage areas for storing an of fset

including a pixel array having a calibration row comprised of calibration pixels and

column circuitry that reads the output of the calibration row to obtain a sequence of

calibration values which can be applied to digitized pixel signal values.

[0055]  Fig.7 shows system 700, a typical processor system modified to include an
imaging device 200’ of the invention. The system 700 is exemplary of a system having
digital circuits that could include image sensor devices. Without being limiting, such a
system could include a computer system, camera system, scanner, machine vision,
vehicle navigation, video phone, surveillance system, auto focus system, star tracker

system, motion detection system, as well as other image based systems.

[0056]  System 700, for example a camera system, generally comprises a central
processing unit (CPU) 702, such as a microprocessor, that communicates with an
input/output (I/O) device 706 over a bus 720. Imaging device 200" also communicates
with the CPU 702 over the bus 720. The system 700 also includes random access
memory (RAM) 704, and can include removable memory 714, such as flash memory,
which also communicate with the CPU 702 over the bus 720. The imaging device 200’
may be combined with a processor, such as a CPU, digital signal processor, or

Tictoprocessot; withrorwithoutmemory storage-ora singletintegrated-circuit oroma—
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val ue associated with a respective one of said plurality of colum readout
lines; and a control circuit, for processing said offset values and said

digital pi %00[5/??3‘199”" val ues processed by said signal cparRS0g01417€ COl umMm
circuit of claim1, wherein said control circuit conprises: a logic circuit

for respectively sunm ng each offset value with an associated digital pixel
value. 3. The colum circuit of claim1l, wherein said control circuit
conprises; a logic circuit for respectively calculating each offset value as
a differéif enbgnpébm&lmﬁmqeﬁﬁﬂrone of said digital pixel values generated
fromsaid plurality of colum readout lines and a digital pixel value
generated from each respective colum readout lines. 4. The colum circuit
of clai ngds7pherrisRosRI e bgﬁte%iz&éd ehHtithé Smagad20ed Ay bé flbeitadddoganh of fset
val ue when said colum circuit is coupled via said plurality of colum

readout rite@@tdPcidcuieVOtherCchbbdizhdrRs oPtheehvenfion Th@refsreuifludieratibthadf ofc| ai m
4, wherein each calibration pixel outputs signals corresponding to a known

fixed vaisuffctudifg addiisger 000 hiing theéatitmrbeiraviayed20’. SBoetanople, fn ore
val ue approximately corresponds to a black signal. 15 7. The colum circuit
of cl ai nexkmplaey eitbgiingnt, eginetlod oiuirﬂanafa&mﬂd?manfaig;eﬁﬁmludé tee dtepeath
of fset value. 8. An imager, conprising: a pixel array, said pixel array
conpri si prpvidirggomgr pipoeticn af a anbstdate roereppomdinigtty acdinglel intapyateddisruit, a
plurality of rows; and a row of calibration pixels; and a colum circuit,
for recepixeharrapahdydiigimadgingpixels16@hed hadw 202 of calibreddon pirnelsd0d, pi xel
array and producing a correspondi ng set of digital pixel
coupled via column lines 215 to column circuitry 220" . The imaging 100 and-calibration
100" pixels, column lines 215, and column circuitry 220" can be fabricated on a same

integrated circuit using known semiconductor fabrication techniques.

[0058] While the invention has been described in detail in connection with the
exemplary embodiments, it should be understood that the invention is not limited to
the above disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alternations, substitutions, or equivalent arrangements not
heretofore described, but which are commensurate with the spirit and scope of the
invention. Accordingly, the invention is not limited by the foregoing description or

drawings, but is only limited by the scope of the appended claims.
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signals, said colum circuit conprising: a plurality of colum readout
lines; a plurality of signal chains, each signal chain being associated
with N of said plurality of colum readout |ines, where Nis an integer

greater than one, each signal chain q&@@&bfing: a nmultiplexer; an anal og
processor circuit; an analog gain ci , an anal og-to-digital converter;
and a demul whpdlie¥eiieda: | east one nenory, said at | east one nenory
containing N respective nenory storage areas per signal chain, each of said
menory storage areas for storing an offset val ue associated with a

respective one of said cplutin@lrcdiyfopin ekt ddonipeisidgut | ines; and a control
circuit, for processing said offset values and said digital pixel readout
val ues processed bylielppieplymareadpilines: 9. The i mager of claim8, wherein

sai-d control circyiplur&@®Bf kig@$ chans, @8hCsigal eHairl bdif akQSARL Wit & Yf MM ng
each offset value with an associated digital pixel value. 10. The jmager of
claim8, whePlgiaitysef @lemnteadnut kpgse rhere it Wisger gregteghen enes efhesignal
respectivel y.iaf] oHpabihgld each offset value as a difference between a

maxi mum one of said digital pixel values generated fromsaid plurality of
col umm readout |ines amBulipleXefi tal pi xel val ue generated from each
respective colum reagoibbipRRessork@chif;- The imager of claim 10, wherein
said logic circuit is adapted to cal culate each offset val ue when said
colum circuit is coupheahalpggaisgirepitypugnalogtig digitalconverter; pdadout |ines to a

row of calibration piXghSnulsiplexer;

at least one memory, said at least one memory containing N respective memory
storage areas per signal chain, each of said memory storage areas for storing an offset
value associated with a respective one of said plurality of column readout lines; and

a control circuit, for processing said offset values and said digital pixel readout

values processed by said signal chains.

2. The column circuit of claim 1, wherein said control circuit comprises:
a logic circuit for respectively summing each offset value with an associated

digital pixel value.

3. The column circuit of claim 1, wherein said control circuit comprises:

a logic circuit for respectively calculating each offset value as a difference
between a maximum one of said digital pixel values generated from said plurality of
column readout lines and a digital pixel value generated from each respective column

readout lines.
4. The column circuit of claim 3, wherein said logic circuit is adapted to
calculate each offset value when said column circuit is coupled via said plurality of

column readout lines to a row of calibration pixels.

5. The column circuit of claim 4, wherein each calibration pixel outputs

signals corresponding to a known fixed value.

6. The column circuit of claim 5, wherein said known fixed value

approximately corresponds to a black signal.
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12. The imager of claim 11, wherein each calibration pixel outputs signals
corresponding to a known fixed value. 13. The inmager of claim 12, wherein
sai d known fixed value approximately corresponds to a black signal. 14. The
i mager of cIa|n111 mh$&h|n sai.d Jogic circuit aI 0.adds, i xed vajue to
each of fset val ue’ colrfiey SVt MegRBerd %gwrcalt%? %f@égéf‘? and an
i magi ng devi ¢Rue t6 @athlofEettvRlusai d processor, said i nmagi ng device conpri sing:
a pixel array, said pixel array conprising: inmaging pixels arranged in a
plurality of colums and a plurality of rows; and a row of calibration

pi xel s; and a col giMm CjhGHAder, cb@prisiRe el Vi ng analog signals froma sel ected
row of pixels in said pixel array and producing a corresponding set of
digital pixel siynixplarayspidpes| 2w conprisiigt conprising: a plurality of

col um readout |ines; aglnlgrp%lelstayraﬂgem SpRiali§AcBSmnERMaD HrEMRbf W3 N bei ng
associated wwth N of said plurality of colum readout |lines, where Nis an

i nteger greater t#4n one, each signal chain conprising: a nultlplexer, an

anal og processor CIrCUhh“VmﬁQmﬁaﬁhqgwgaﬁﬂ circuit; an anal og-to-digital
converter; and a demultiplexer: | east one menory, said at |east one

menory containing N resp @@HW@“WéﬁbﬁVﬂ§méﬂ@§égé@éﬁ%ﬁ@€¥a§ﬂgﬁ%1“Ehafn each
of said menory sLoLage sah&as] by ShO bl a AofrePbndifd Y& ASHLGI 3hed W th

signals, said column circuit comprising:

a plurality of column readout lines;

a plurality of signal chains, each signal chain being associated
with N of said plurality of column readout lines, where N is an integer
greater than one, each signal chain comprising:

a multiplexer;

an analog processor circuit;

an analog gain circuit;

an analog-to-digital converter; and
a demultiplexer:

at least one memory, said at least one memory containing N
respective memory storage areas per signal chain, each of said memory
storage areas for storing an offset value associated with a respective one
of said plurality of column readout lines; and

a control circuit, for processing said offset values and said digital

pixel readout values processed by said signal chains.

9. The imager of claim 8, wherein said control circuit comprises:
a logic circuit for respectively summing each offset value with an associated

digital pixel value.

10. The imager of claim 8, wherein said control circuit comprises:

a logic circuit for respectively calculating each offset value as a difference
between a maximum one of said digital pixel values generated from said plurality of
column readout lines and a digital pixel value generated from each respective column

readout lines.
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a respective one of said plurality of colum readout lines; and a control
circuit, for processing said offset values and said digital pixel readout
val ues processed by said signal chains. 17 16. The inaging system of claim

15, wherein said ntr circuit conprises: a logic circuit for r ectively
sumi ng. each of fsEh var b ERP SR R Lo bt ettt i rpted S uTE T e

i magi ng syst edeh Bffset valudwidn, saldftelugintirsut ¥ cEplddrvid saldi plerblity oEMid ®edout a | ogi c
circuit for ﬁespectivelg_calcula ing each offset value as a difference

bet ween a nmaifshihd BRLS mgﬁFHpﬂﬁgital pi xel val ues generated from said

plurality of colum readout |ines and a digital pixel value generated from
each respective colum_ readout_lines. 18. The inmaging system of claim 17,
wherein sai d | ogi &ci r dh§ {maeer %%{ﬁfnehl’t‘@ere@aTaﬁlﬁquﬁ’éat@acﬂ‘f‘e PYRYE Siglllie when
said col um &h&g&mamgag@g%ghqgﬁybﬁw§aid plurality of columm readout |ines
to a row of calibratron pixels. 19. The imagi ng systemof claim 18, wherein

each calibration pixel outputs signals corresponding to a known fi xed

val ue. 20. The inpgi NgTHY i8N & clfihabMvdein W8 k8b¥n HROvARROProkimaely val ue
approxi mately corresponds to a black signal. 21. The inmgi ng systemof claim

17, wherei n &urespandgio@ thackeignal al so adds a  fixed value to each of fset

val ue. 22. A nethod of operating an inmager having an array of pixels
arranged in rows and colums, said nmethod conprising the acts of: (a) at a
first tine, readi iy, iAbxieagercdslaan W, tHhergincsaidrlegie cigratmlso adds|afixgd valye of
calibration yaluesstf@mea row of calibration pixels of said array; (b)
determning a reference value fromsaid plurality of calibration val ues;

(c) at a second tine after said first tine, reading, in accordance with said

g;lrirgpgt ?ginn, a S?EO”dAﬂliﬁlEgﬁﬂé sty¥te8fco?rﬂ)lriisi9£:ati on values fromsaid row of

a processor; and
an imaging device, coupled to said processor, said imaging device comprising:
a pixel array, said pixel array comprising:
imaging pixels arranged in a plurality of columns and a plurality
of rows; and a row of calibration pixels; and
a column circuit, for receiving analog signals from a selected row
of pixels in said pixel array and producing a corresponding set of digital
pixel signals, said column circuit comprising:

a plurality of column readout lines;

a plurality of signal chains, each signal chain being
associated with N of said plurality of column readout lines,
where N is an integer greater than one, each signal chain
comprising:

a multiplexer;

an analog processor circuit;

an analog gain circuit;

an analog-to-digital converter; and
a demultiplexer:

at least one memory, said at least one memory containing
N respective memory storage areas per signal chain, each of said
memory storage areas for storing an offset value associated with
a respective one of said plurality of column readout lines; and a
control circuit, for processing said offset values and said digital

pixel readout values processed by said signal chains.
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pi xel s of said array; (d) calculating and storing, for each colum, an

of fset val ue based on said reference value and said plurality of
calibration values; (e) setting a target rowto a current row, (f) reading,
in accordance with said current gain, a plurality of signal values from
said target rowto a plurality of signal chains, each signal chain being
associated with N®f sSThdinpbiaf8ystdnyofiaif @5 Uerdie@eDishtrbll st compeisd: N is an
integer 18 greater than one, each signal  chain onprisin - a nul.tiplexer
an anal og processblosic P for regRechively Spmyinenach ol valug %ﬂ&ﬁ@%l%@fﬁi gi tal
converter, agditapikenaldel pl exer; and (g) respectively applying said
plurality of offset values to said plurality of signal values. 23. The
met hod of claim 22, further conprising: (h) setting said target rowto a

next row, and (i)17.epeqhd MaghbSR%n( dclaith 33, wikhdh &t conttbll Eregipddhpfisdst ent  r ow
and said next row are in a sanme frane. 24. The nethod of claim 23, further

conprising: 0) if?2degiel cienit &t resnselivahygcadaiaging speh st apleias adifernent

frames, and pdwéen £ Hakipitin BRI 5F Aa?d wg&@aag&e@aluglgenfﬁ@di@ sdifl pREARY gance with
ca

said current qain, a plurality o i'bration values froma row of

cal i bration ptlyen seadgyt dinegjande? digialrrixeh Vet igpasratedafrom cagh reapegtiyel eplumn ty of
calibration MalVgSs (J3) if said maximumvalue is greater than said

ref erence vaTue, proceeding with step (b); and (j4) if said maxi mum val ue
is not greater than said reference value, proceeding with step (d).

18. The imaging system of claim 17, wherein said logic circuit is adapted to
calculate each offset value when said column circuit is coupled via said plurality of

column readout lines to a row of calibration pixels.

19. The imaging system of claim 18, wherein each calibration pixel outputs

signals corresponding to a known fixed value.

20. The imaging system of claim 19, wherein said known fixed value

approximately corresponds to a black signal.

21. The imaging system of claim 17, wherein said logic circuit also adds a

fixed value to each offset value.

22. A method of operating an imager having an array of pixels arranged in
rows and columns, said method comprising the acts of:

(a) at a first time, reading, in accordance with a current gain, a plurality of

calibration values from a row of calibration pixels of said array;

(b) determining a reference value from said plurality of calibration values;

(c) at a second time after said first time, reading, in accordance with said

current gain, a second plurality of calibration values from said row of calibration

pixels of said array;

(d) calculating and storing, for each column, an offset value based on said

reference value and said plurality of calibration values;

(e) setting a target row to a current row;

® reading, in accordance with said current gain, a plurality of signal values

from said target row to a plurality of signal chains, each signal chain being

associated with N of said plurality of column readout lines, where N is an integer
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25. The nethod of claim 24, wherein in step (b), said reference value is
based on a maxi num val ue of said plurality of calibration values. 26. The
met hod of claim 24, wherein in step (b), said reference value is also based
on a predeterm ned offset value. 27. The nethod of claim 23, wherein in step
(d), each of fset §§pEthisonecesch §pnal RINFOERESIBE 24 HSiHIFXSr @R ARALOFRINESAT sai d

reference val ue apgbudt, dremRBE Lhid Cir@MCarPinaRRitdldighalcbibeald MU MRIRDIexg8. The
met hod of claim 22, ereinin step (d) said offset value is also based on

a previous of f set 3| ue. 29. A nethod for forni ng an imaging circuit,

conprising: provigi ng@p&aUlf apuat Hid %lﬁpﬁigféit@ffsetlgalué(SQB i PlurPMLor sai d
sem conductor substrate, a pixel array, said pixel array conprising:

i magi ng pi xel s arfigRahEdugsn a plurality of colums and a plurality of rows;
and a row of calibration pixels; and form ng, over said sem conductor
substrate, a columm circuit for receiving analog signals froma sel ected
row of pixels in 8hid phxapthed pfzplaimad, fuphes gerepriséga cor r espondi ng set of

di gital pixel sigpals, | AR HI G b Fbbed rowC rising: a plurality of
col um readout |ines; éé%}ggsraal %r y %‘? sa?%énaﬁowé ai ns, each signal chain being

associated with M of seppading Istgpalf), (), id (Bowhitersaidecurtorttrowiandsaid pgxerav N i s an
integer greater fhan one . each signal chain conprising: a multiplexer; an
anal og processor circuit; an analog gain circuit;

24, The method of claim 23, further comprising:
)] if said current row and said next row are in different frames, and if a
current gain is unchanged,
()  reading, in accordance with said current gain, a plurality of
calibration values from a row of calibration pixels;
(G2)  determining a maximum value of said plurality of calibration
values;
G3) if said maximum value is greater than said reference value,
proceeding with step (b); and
(44) if said maximum value is not greater than said reference value,

proceeding with step (d).

25. The method of claim 24, wherein in step (b), said reference value is based

on a maximum value of said plurality of calibration values.

26. The method of claim 24, wherein in step (b), said reference value is also

based on a predetermined offset value.
27. The method of claim 23, wherein in step (d), each offset value is
calculated based on a difference between said reference value and a respective one of said

calibration values.

28. The method of claim 22, wherein in step (d) said offset value is also

based on a previous offset value.

29. A method for forming an imaging circuit, comprising:

providing a semiconductor substrate;
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an anal og-to-digital converter; and a denultiplexer at |east one nenory,
said-at | east one nenory containing N respective nenory storage areas per
signal chain, each of said nenory storage areas for storing an offset value
agsociated with a resp ective of said plurality of colum, r?adout | i nes;

and a control ci r(f‘?ﬂ“t‘ > 0T ﬁlgéég‘écf’ﬁcblc@éls SGies At PREL Y S8 R fTEY gi t al
pi xel readoutcoMplisitRSs processed by said signal chains. 20

imaging pixels arranged in a plurality of columns and a plurality of rows;
and

a row of calibration pixels; and

forming, over said semiconductor substrate, a column circuit for
receiving analog signals from a selected row of pixels in said pixel array and
producing a corresponding set of digital pixel signals, said column circuit
comprising: _

a plurality of column readout lines;

a plurality of signal chains, each signal chain being associated
with N of said plurality of column readout lines, where N is an integer
greater than one, each signal chain comprising:

a multiplexer;

an analog processor circuit;

an analog gain circuit;

an analog-to-digital converter; and
a demultiplexer

at least one memory, said at least one memory containing N
respective memory storage areas per signal chain, each of said memory
storage areas for storing an offset value associated with a respective one
of said plurality of column readout lines; and

a control circuit, for processing said offset values and said digital

pixel readout values processed by said signal chains.
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