GENERATI ON AND STORAGE OF COLUWN OFFSETS FOR A COLUWN

PARALLEL | MAGE SENSOR FI ELD OF | NVENTI ON [ 0001] The
wpe@sen48d nvention rel ates generally to CMOS PCT/US2006/014179

sem conductor imagers. More specifically, the present

invention relates to the calibration of plural pixe

signal chains in a sem conductor imager having a

colum parallel architecture. BACKGROUND COF THE

I NVENTI ON [0002] Fig. 1 is an illustration of a

conventional four transistor (4T) inmager pixel 100

t¥£i cally used in a CMOS i mager. The pixel 100

i eENFEAHON SN DSEHIRAGEROE CAEHMN (IFEHRHIQR 4 COLUMN

phot odi ode, a fl oatRARALLEL iIMAGE SENS@Rst or age node

C, and four transistors: a transfer transistor 111, a

reset transi stor 112, FIELSOOFEVENTIOMr transi stor

113, and a row select transistor 114. The pixel 100

accepts a TX control signal for controlling th )
[0 hdu cIfna/pﬁeﬁer&fln‘fwwsﬁéﬂr%enﬁ%ﬁg? 91@435 fir%}w&%@?r imagers.

S5 b 0 S 0 CBIPHG  B pb
ch&ABA Qgéﬂqf@nhﬁao?ﬁﬂg%é‘itﬂa\ﬂn Ya &;luxhh%a?‘émﬂ SRr@Gtture.
t The vo ef

ransi stor 114. tage at t oating diffusion
node C controls the conductivity of the source
fol |l ower transi SACKGROUNDODTHRIIINWENTHBNSour ce
follow transistor 113 is presented at node Bwhen the
row sel ect transistor 114 is conducting. [0003] The

[o%iz?t espigf 1 {sh@ illhansi @ of@nke8@dnal FRNStAlstSr (AT limdske pixel 100
e

erm ne whether the floating diffusion node Cis
typioalp} esbdtia a0 ighigeseisd pixelel 08lindtadés 4 Bghtfsensitive element 101,
shgx?z;?s\gl pr{n%todiode, 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.



phot o- gener ated charge generated by the |ight

sensitive elenent 101 during a charge integration
wWEenso48dr a source of pixel power VAAPI X fr oPCTOS®06014179

during a reset period.[0004] The pixel 100 is operated
as follows. The RONcontrol signal is asserted to
cause the row select transistor 114 to conduct. At the
same tinme, the RST control signal is asserted whil e

the TX control sig iS not asserte Thi s coupl e

[0qad f | Bag Pivgl Jcﬂofw ageraﬁe dellaws. oThen%gw s IWI Is asserted to
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is X&lﬂtt?@ %&SIGQR? TﬁstBﬁ{r@f sqgné’l”ﬁ ot a%?éﬂ d rﬂﬁsc‘&cﬁ.g)gés téé #oatilg

uts a reset sig
dthélbn hede Eﬁb@h@ﬁ&el }Bbxgéﬁ%t@xﬁhél 81 0A PDOR llel A, and resets the voltage
connection with  Fig. 2, node Bis typically coupl ed to

at aodeCuomhé pixel @dber(Fotgntia? )V AAPEG léssagettagddror £60Shted with
Wiile the transistor 111 is off, the |ight sensitive
resst &masistor 312. Ehemipeklél ougpitaeirases ﬁlgnalg‘ﬁxst afode B. As will be

P ”‘g’f@gg@%@ﬁg&%ﬁ E%gvafnfﬂ%eé?cﬁq?%ﬁi ‘gfis 80f0<§&rh§ éslrt%#gﬁy coupled
to g*}gﬁg,ls?n ) 5?%’ &ﬁé onp%( rﬁ%ﬁe?@go after the RST control

ning off reset transistor
112 the TX control signal is asserted. Th| s coupl es

[O@ tf@% e %Iﬁ]gglgiglr _no?f ﬁg%hglﬁtt S{;ﬁ%ll’c]%] Senslb{ }sve?cposed to
ettt e ol g —

ch& l—iﬂié%?ét% R0 ftdhRe E’lhaﬁ'gla kB8 ratiBH PRl RUH 2 fRr BRORST control
Si gnal Vsi g ‘at node B. Fig. 2 is an

sigrlal 1ssff, altdroby afrnaty cbffmegetr tr&ﬁbﬁ)stcbﬂmlﬂ thecNUdestra signal is asserted.

plurality of pixels 100 form ng a pixel array 201. Due
Thipcapdesahe floating difissiarhreods & & therlighy sawitiveselgmgnhl@s &harge

4
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. 2 is 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
~pixels't00-irrtheselected row-outputtheirresetand-pixelsignalsVrst; Vsig-to-the=
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row by 4 columm array in Fig. 2. One skilled in the

art woul d recogni ze that nost inmagers 200 would
woe@cna¥8d y i ncl ude many nore pixels 100 i n t heCHUBZM6/014179

The i mager 200 al so includes row circuitry 210, colum

circuitry 220, a digital processing circuit 240, and a

st orage device 250. The imager 200 al so includes a

cont.rol. 60, f N '
couRRLERHL G2 i e TS} Loz PSR BR8Pt e ese
i xel : Lxel. ]
and Bl 161 VHRIL ORITbEL Rl (Y, AR rgRSCR e one by o
; ang : Y | s Vrst,
B S B A e s e e
one by one in sequence to send successive row signals

ook AT eSSl HAOOEL ey U L Bt vt
o918 B L g v
com BB BSR40 SRR, G D0 st i
o O PR o UL OO 5ol Tk v

forméd & Sle@fbfonck bBrwefPieSlesat Wist hnd tp‘lll%it(g Vsig 8 gRADS i|.e.,I Vpixel =
a

out put signal Vpixel is then converted into a digit

Vrstwalsie, Theaarsl dlPutisiehaBVpleUithpalcahl eltedirtbid @litdl falue.
In

ich the outputs of several pixels 100 in the
Imag& 200teds heoliaha Riralld] tadaedshle, Bawblddthanditpatdof serdral pixels
converted to digital values. [0009] The digital values
100 a&r thesulogetad tow thwesidididrebuplycaesgsded gndiledd) andddverted to digital
whi ch perforns image processing on the digital val ues
valuee produce a digital inmage. The processed digital
val ues are stored in the storage device 250.

[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.



[0010] The controller 260 is coupled to the pixel

array 201, row circuitry 210, columm circuitry 220,
wa@peedimsage devi ce 250, and provides control BCTOS1086/014179

to performthe above descri bed processing. [0011] Fig.

3is anore detailed illustration of the colum

circuitry 220. The columm circuitry 200 conprises a

o] 3 AL P00 0 Ao
c1rc1$ﬁéﬂyt the 5}1‘?&:10 #—1‘9&{5959 &ﬁgligéﬁfﬁls RBed g?( %@lﬂplé Eh@hohd the reset Vrst

e CO um ou I nes are cou

and gﬁb%d Vklg;%‘fg%ﬁéooﬂe@ ibBfh bignkRadkt, Ws‘§§ hﬁ% ble&? s%h%[@i &nd held, the

two col umm®©out put

anarggg%gérg?@%p{lgﬁﬁm&m tR08 oriRl 4 ﬂhétdlﬁéﬁé@ﬁﬁ $VAR - Vsig) of the

tiplexer 310 is an anal og processor

twoﬁhé a9 Vrdth¥sanal og processor circuit 320 is used
to sa %e and hol d the reset Vrst and photo Vsig

Si gnal s. Once both ﬁi gnal s Vrst, Vsig have been
o0n T i AR e a0 A% B a8 Rl copations

anal8é S é\eal 40 <812 12954199 ‘Ble%sF,/H St an Y&t mgﬂglj‘l?()an-r%ﬂlh%lﬂﬁ)‘cg-digital

ssing stage 1s an anal og gal n" sta

conv? AID@)SQ, johe anal og signal to a suitable level to be
used ‘as an |nput signal to an anal og-to-digital

converter (ADC) 340. [0014] The anal og- to di gi tal

onverter 340 copverts the a
[001§Jor ' e ARAIRg taldésrt%h Sopgpiet SRoeiraibe sgitay o fighal into a
n@r g 9 fenultlplexer 350, and stored in one of
COH?%%) e Eyagﬁglgbe | ocations 360 in the signal chain
301a, 301b. The digital storage |ocations 360 can be

read by the digital processing circuit 240 (Fig. 2) to
[0018Lir t hERe digitadyaluetie rputed) 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 output lines 215 and storage
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signals in the digital domain. [0016] In the colum
circuitry 220, the above described processing is
w@erhoted once for each col unm output |ine 21BCTUSDE04179
to each signal chain 30l1a, 301b. For exanple, since
Fig. 3 illustrates an exanple circuit 220 where each
signal chain 301a, 301b is coupled to two col um
ut | ines 215, each signal chain 30l1la, 301b
kmaﬁ%?gg&%s t he above described processing twice for each
row readout operation. That is, the above descri bed
rocessing is performed in each of the signal chains )
[001%D1a, ABbough enth signel ehaingpla 301k of thmeolymn eiscibly ARl is designed
output lines 215 and_a second tipe for a second ?ngzof
to havrsthedfemnticad sesranse; giglerentsigng hains 30hac38p age bikglygto have non-
., demultiplexer 350 are thus set to respectively select .
idengicp} 1espORtRE d3ie IPRETARSNE SLAFHNbUR HICPIAREOS fabriggiion, which may

ve oG S B RO S5S400R: PR bR 2o AR gy, e
s o gt SR b PSSl ERclAE L) Sokod g ROMSR, bR B0halchan n e
. | cal Y g . _
con BTG ar FRIRAS o ork Y0 AR\ RESULABE Aot e crne
in the i mages produced by the imager 200 (Fig. 2).

Accordingly, thergupavarees BId INBANEION
econonmically and quickly calibrate multiple signa

chains in the colum circuitry of an inmager to
npensat e, for _any..variatjions between, the chai . .

1001 0RO A <P RRITEEK P ODERT- BRELAEE BRB B g davention

of, the met hod and appar atus_ of .1 i_nvention _p i
progie PRGNS e Sarbe AU R A A bR faRbltfon row

. 0 . i i i . .

e L S R
the hdgiHE bEshificture 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. 1illustrates a conventional imager pixel;

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



the imaging architecture to obtain a sequence of

of fset values that can be applied to digital values
wo@bbiaiimasd f r om i magi ng pi xel s. The of fset val uRPST/USTvE61014179

applied to the digital values, permt the imging

architecture to conpensate for differences in the

response of pixel signal chalns used of the imging

h
002 o bR e et SRy B iR 2 )

invention will beconme nore apparent fromthe detail ed
description of exenplary enbodi nents of the invention
[0028] venFigef dlustratas peimpgpeonst uckrsl incacsaitanegith one exemplary
drawi ngs, in which: [0020] Fig. 1 illustrates a
emb@éﬁméﬂ??ﬁ)‘ili‘ﬁlm?’%@@? pi xel ; [0021] Fig. 2 illustrates
an imager utilizing the plxel of Fig. 1;[0022] Fig. 3
illustrates colum circuitry fromthe i mager of Fig.
[0022] [ OBi23} ilkugtratds colunst ciatidsrydpomrthgémagensf Figctted i n
accordance wi th one exenpl aryenbodi ment of the
invention; [0024] Fig. 5 illustrates colum circuitry

[002f5L0m F%GF L STRGBW &flaIEH.g.lStr %tocﬂg Sbefdtfbn 8f 4 8i a;’gitefl %pgélfline in the

art ustrating t fon‘of a digit

ima &&’qq |4T@9@r of Fig. 4; and [0026] Flg 7 |Ilustrates
proc ssing system incorporating the i mager of the

present invention. DETAILED DESCRI PTI ON OF THE
E No f to the dra
[Oozéi\'v et e e Ao S GBS Et o Rt DR e Bf the present

. shown in Fig. 4, an illustration of an exenplary

inve Bdi ment of an
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] In Fig. 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



I mager 200" constructed in accordance with a principle
of the invention. [0028] The imager 200" includes
w@ewengd48zonponent s of the inmager 200 (Fig. 2)PCTOsXE6/014179
conponents include the row circuitry 210, digital
processing circuit 240, storage device 250, and
controller 260. The imager 200" al so includes a new
' : . i ' ' .
100 BBl A an B OEVLE LU, it L Lk €A LO0REMe g
Vpi e Lk PRRRR LibHL YAL OM5raORGixels 100
oA PRI Qo LBl el 0 RERR LA LA LR e

are ddsi edZt%urmw Fidled QevBR LATILABYA STEHAYS. TR Ghd anBlakP¥mbodiment,
and 4 colums. In addition to the conventional™ piXxels

the Q1 lebblealiblati@uBignhlcdir&dpdndatd aiZée@signdD 0Thiid) @afh ¥&libration
array 201' also includes a calibrationrrow 202" of

pixet 200’ nighit bo aplaeklpxdl00e., a Phiel &leaichl woiheenhivendbnal pixel 100
pi xel 100 produces reset Vrst and photo Vsig signals
illustdagad BrBigus,dulittin Winichntlaalight semisitsiegriainelp il 0kbls dhiedtied from
varies in accordance with a level of incident |ight,
inciddnd lightti Buech a pixgdivvald aloput slentidalsiegeredrst endythmio Vsig signals,
fixed level calibration signals. In one exenplary
whidnyeuidparmitithe cplupan cireyisty 24 tofem an ogitgnesignal Vpixel
corresponds to a zero signal. Thus, each calibration
correspemding)ip the zese sighak dark pixel, i.e., a pixel
identical to the conventional pixel 100 illustrated in
Fig. 1, but in which the light sensitive elenent 101
[0030F sHited tted cireaitry PiH0 shderits b rgiwtof fivelb 180 piomelthavpidetlarray 201"
out put identical reset Vrst and photo Vsig signals,
The phieth10oin! the seleried toweougduitheiciresetiahdypiAGignals VastrVsig to the
an out put signal Vpixel corresponding to the zero
Columrgtrimuitr[yo?(igg]viar pelunowoeipud bines Y12 1ehichl seotplenandrobds the reset
pi xel s 100 fromthe pixel array 201'. The pixels 100
and pixef pignals este¥isiBow out put their reset and pi xel
signals Vrst, Vsig to the

[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.



colum circuitry 220", via colum output |ines 215,
whi ch sanpl es and holds the reset and pi xel signals
wOo/e@b/113¢89 g. [ 0031] The colum circuitry 220" BEBHUS2006/014179

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

0. i Cul ' ol R

1008671 TAF SRS ol UbhBEARS the B oy 208 el Kircuitey 210,
oy By oI o0, b FRRRB gL signals to perform
the &dietddaeabbd 96 RA5iRE, detail in connection with Fig. 5,

the columm circuitry 220" al so derives, for each

colum out put |ine 215, an associated calibration

[OOS%flg :Jte}g[ligm@ Iéﬁc%é hf}wgﬁ%égo%@ne@%gp%lgbgﬁtgg%éﬁﬁgﬁ cr>]ft c%ﬁuxtng]lecircuitry 2207
L N s e
incl@&é%caeéﬁjrggt}p ia%ﬁca"%p%na\g’?h%iﬂg @@ﬁ A0oHB. Eﬁ&g gllgﬁlal Fléain 301a, 301b is

processi ng.” The result I ' mege  pr oces

coupibQt6 Pliifal SORAYBuHSY 1ffes 238 Hfh the'phlae ﬁrlﬁg%qsf Sif$héxemplary
out put.[0033] The controller 260 1s coupled to the

embBH¥8bnBEAEY si3HA] chiQBOTA, BOWH i doubléd t& BhEFBIEhA GHithtiylines 215.
220', and storage device 250, and provides control

Prefeia®pigl detcolp@hf@itput e abDisesdedstedbRithRMOSES 8blgnn of pixels while
[0034] Fig. 5is an illustration of an exenplary
anotieb oolivmemnbutfutdoleldhd is assveidted wiltDan boen cokimmagpixels. The
200" of Fig. 4. Like columm circuitry 220 (Fig. 3),
colugwt antpudilineai2ilb preo@@ipled ¢ adesltipletenBa0, whidfis used to select the
_ identical signal chains 30la, 301b. Each signal chain
signgls 1 ogoahthedwvlimesetl Stfor pilkgeguenbpraressngput | i nes
215 fromthe pixel array 201'. In one exenplary
enbodi nent, each signal chain 30l1a, 301b is coupled to

[0036}0  CDhé!APst P#bRdskinlel di8Se 228 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



Preferably, one colum output |line 215 is associ ated

with an odd colum of pixels while another columm
Wo@epai3489 ne 215 is associated with an even coPCmS2h6/014179

pi xel s. The colum output lines 215 are coupled to a

mul ti pl exer 310, which is used to select the signals

on one of the two lines 215 for subsequent processing.

digi a9?€O§L$e{bé:ra‘Eé§%§6d)roceSSI ng stage after the

'S an anal og processor circuit 320.
The analog processor circuit 320 is used to sanple and

the reset VWrst and photo Vsi ? i gnals.
[003§] gnaEechﬁtgrage\lec@tl%%@ iBeasghs éhalar?z@lﬁemib weupled to abus

510.%?*&%@%1]:%? tq/&mbetb%l'lst&}il! gggbﬁfsgﬁé\eelpmy%%e for{%r%g c1rcu1t 530 The
i35 b5 S O PES B i e
stor?@gwgftto?%gaglggl liclérgsrb@h gﬂ%rﬁ%LeS %er mfagd%ec'n%' bl Beet memory 520

1nch§‘<§]éaﬁ s %e(%s gf ﬂ{eﬁﬁc}rycsgﬁ%a :l‘géaﬁ%ﬁ?%gonver ]ia%?%él g H\%mory storage
loca 8 ﬂ-iay\% &8|ndip a@rﬁé}ﬁ?ﬁﬁﬁgﬂgé @8 atgﬂhte% fs%% Fﬂb?ll\(l')r 520 is

digital signal “i s route to a xer

actuﬁﬁg tw@%leﬁb@%ﬁ@vic@s 8PEaRd shhedii@ihativedy, Qia@ﬁ%e{ 8P1@1%hﬂﬁ§ storage
[ 0039] Each storage | ocation 360 1n each signal

locaibaé thagBeda aﬂidhbﬁag gmﬁen{cﬁ yaldvic B10. Al so coupl ed

to the bus 10 is an offset nenory 520 and a |ogic
circuit 530. The offset nmenory 520 and logic circuit

00487, 25 YRSB4 198 ogi
Clrc‘%ggn%?{,d@% ’rdé%l 1:9%51?&% %%ﬁeg%xfmlg%tgaﬂegac hlﬂg 251, 'fﬂ%’célﬁ'ir}rgl} gifrcuitry 220°
incl®d &' AlRgle 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. 6 is 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 SO and proceeds directly to step S1.

[0042] At step 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



| ocations may be an individual nmenory device, so that

the offset nenory 520 is actually two nmenory devices
WG2heandsb22. Al ternatively, each set of menorpCHUSAEE4179

| ocati ons may be a portion of a single nmenory device

520. [0040] The signal chains 30l1a, 301b, bus 510,

of fset nmenories 521, 522, and logic circuit 530 form a

e R RAREL W pB3E Ve BT h Sy o cchfbens 100 1o
. . o . el i ,
one ABFHES bfintRURIER ol BRAHTD O S A0V B phoro
i i ' Rickdi A alA chbRBhERE h2dalo ixel signal,

Vs1ggeg§g%1§g§?1g$ggrﬁbﬁrﬂ%ﬁ¥gr 5}1? %oa\!;vs o?d) t hegﬂi?enager : Fglr!% 8
forn®BfHBheVrdtn Vg lalROQrdbpvhag tdia bluek digredle Teyank&odSVpixel signal is

digital pipelines 221', "where R and S are integers and
thenRliig#tizdidvdrsl foeedin Bspéatdie diigital storggedetatiens36D, aswpuddously

be respectively associated with a block of RIS rows.
discuisseddhiwonnectiquivittyFig23." Whe mgsthod £00 piroieeds tpsepl $hes

221', the processing bel ow described with respect to

Fig. 6 can be perforned sinultaneously by each digital

Dol | , ) ane .
[004?’]00 ﬁ\f‘%eé%& thd lggkftﬁi/cdlpﬁ@@étéﬂﬁlﬂ% PREFHNG R 8&Hout value from

41 61s ow chart ilTustrating an

the @HBIRIGH YoWE T ek HRYIGhsIP BRI cBEicexedfiplarybfibodiiment, the calibration
pi peline 221' of the colum circuitry 220" of Fig. 5.

ixelSTR00NMBAdI06uBRA sReailnwhadh cregpoRdaddladocsedsdiliglgcdddi digital
P to step SI.@?‘(%O%]@N step Sl,pathe calibration rggj\?v &
valu2G2oreflEnghe djorage loeatlohy3dthis egpuctatlitd ylister around the zero value.
signalreceive the reset VWrst and photo Vsig signals
The fnathod $60 pirateeds ¢abieprad.i on pi xel s 100'. I n one
exenpl ary enbodi nent, each calibration pixel 100
outputs reset Vrst and photo Vsig signhals which

[OOLL%P_r r eRPORE 9302 Feflafls 16v&7@alcNBERS B B Woid AP BP8EM N one
pi xel signal, formed from Vrst - Vsig al §o0

exeﬂ;@%ﬁg l%ﬁi{tls&'ﬁm‘éﬁt,&hb hdfeterkedad is ihpIpHRE Bthx¥Rive value read from the
storage locations 360. ILe., 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] In step 54, 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.

10



then digitized and stored in respective digital

storage | ocations 360, as previously discussed in
w@oveec8oON With Fig. 5. The met hod 600 proceePSI/US2006/014179

step S2. [0043] At step S2, the logic circuit 530

det erm nes the maxi mum readout value fromthe

calibration rOMI In the previously di scussed exenpl ary

[004§r0 nt |S<?h ) oe%r%iells?go ffég&ﬁalkgg% F%@ﬁﬂ]t@&!t Pl Halue stored
I
. orzéngeﬁ}% S 00 L S OB g v

coluﬁg? Phid Qﬁﬁ%ﬁk@ féﬁrﬁ@t@mtﬁeﬁ Qdbbt ¢H1us! BRirR% thR initial iteration of this

erence level 1s calculated by the logic circuit

procesd) thé thifAEofxe Fahal i¥ tRIBHM IR e ahdl @& stofal BNER dféséememories
is sinply the maxi num val ue read fromthe storage

520, bataDuefity S8eqliert iterhfiong, ek éognaeinl seplS12 ¢dewsibertddow) the
to the brlghtness | evel of the rlghtest calibration

maxiinxel vaie' does bt bxcandt the refelérioeatalue) themifaPyaluA cgudredtombined
value in the formof a small positive value nmay al so
(for braraple dvemgedy withalhegrevionishy offseé viahee to fokmathevaiva effset value,
subsequently read fromthe calibration row exceedi ng
’fherebﬁepﬁﬁﬂé’ﬂéﬁ ¢le pHoetl value ta be hisesiup@nipdpanation fxam enaltiple frames.
hus ensuring that the offset values wll always be
Theﬁéf&h@d@QOPA@%ﬁe@ﬁé‘hﬁT%ﬁ -separate reference val ues may
be mai ntained for each color in a color imger. The
nmet hod 600 proceeds to step S4. [0045] In step $4, the

[004%R! | bAabieprsep tixetesetl Vit aatl phigo %i%ﬁgﬁhlsdfom&itve 208ve row of pixels
read again. That is, for each calibration pixel 100

100, tof ¢he Eneger\206t 1sanald,plhetasssc)(satgdamgh@ pixal ealue étpmg]aﬁormed, and
t he anal og pi xel signal Vpixel = Vrst - Vsigis

thenf convedteddintp digitetiforandThe method 666 pee®edT he steptIrod 600
proceeds to step S5.[0046] At step S5, for each
columm, the offset value is calculated. The val ue

[0048] OF eflt step S7, the offset values calculated in step S5 are applied to the digitized
Vpixel values from the target row in step S6. 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 56). The method 600 proceeds to step S8.

[0049] At step 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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in one of the digital storage |locations 360 is

subtracted fromthe reference value for that col um.
wabios/16i484 er ence fornms the initial offset val uBCT/Ds20061g14179

the initial iteration of this process, the initial

of fset value is the offset value and is stored in the

of fset nenories 520, 521. During subsequent

oG R P e
stagé B8 b C%ﬁ%mn%{laéhlé soﬁlabﬁ)lﬁb%hgﬁ? g(té\ﬂ[)u ain leve 5 and

aver age e previously et va e to orm-t

dete?fi Qf f8eth upo alntI?@é@ RYvPBEM Eﬁér%dt henst, ftﬁ@ﬁeé‘\ﬁbﬂﬁg calculated

ebase mation fro 'tiple’fra
offsé"fevtall‘i% £H8Dre52ABE €S bk YaEH AR IFhe rh&BAAl600tproE&RlsI6 5td1810.

reset Vrst and photo Vsig signals fromthe active row

Hovedvep) if aldiffaet gafin shheingraget, tRPrevisuslgadiculdted offset values are
associ at ed anal og pi xel val ue Vpi xel formed, and then
presaamacetd Iseinvatid mdg&kahetﬂmdrﬁoomecemishocﬁt@m proceeds
to step S7. [0048] At step S7, the offset val ues
calculated in step S5 are applied to the digitized

[0051'13' Xe%t g@b%ﬂ@ t o(@lﬁ)?%@ﬂ ﬁs eeled d E)eegl gg g’ée?) € The method

enbo I ment, ues a

600 ?fﬂl@e@é}td ﬁ@g i S@rhef@ ﬂi@ rﬁB@irrgirﬂ'vta?ﬂle MQiéﬂ@rrﬁﬂeHQé%o rli:ke step 52).

o the anal Vi xel vol tage formed from readi ng

The h@&Rbd Y08 r@&ééd@fﬂ@bfé p\&Ili2g signals fromthe target TOW
That is, the digital offset values (fromstep S5) are

added to the digitized Vpixel values of the active row

[OOS?I)r 0 ti’i%g ﬁg%ﬂ@%ﬁﬁ%%galgg Psz%)&?}gahr%gst e ?éft%gedn%[%'value. If the
maxi}ﬁﬁﬁ?tciél#l{%% ggea‘t;t%}eth%ﬂrtﬁg %fe Eh e%&‘ﬂlé I?ﬁ(%] ?éf@fe‘ﬁce AL no, longer

row 1s select e active row.

vali® ¥Ra¥ns ﬁ’#‘zthgd %606 peYEdeBBto Efe%@% basheeRew rr@%?éﬁc%dvalﬁ@ €an be
current frane advances to the next franme an
determined. If the maximum value 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
=pixelsof-each row-arevassociated-with=tworalternating-colors=In-suchrarrenvironment;=
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the target rowis selected to be the first row In

such situations, the nethod 600 proceeds to step S9.
wolowenexgd i f there are additional rows to be ppODESHEE014179

in the current franme, the nmethod proceeds to step S6.

I 1[0050] At step S9, the logic circuit 530 conpares

the gain level applied to the gain stage 330 of the

one iRy, 0GR I SR St R B Py L B B ot
whiREHO ANy 0o Bitdy b I PEEALASIE AL EMAUE il b5 of 2
val ues ar e prgsune 10 be VAl Td and the method 6
secoRHQER5E ik ?Jré‘%i@l@s kARG 61 acﬁﬁs@n%bffg@c% ®ita B&-EolbPbasis.
ei ng used; the previously cal cul ated offset l'ues

Add@ﬁ@nﬂrf SHUIRFhId De R téMt Sl a 2B oRBdAeH BRI APEAESs own
to step SI. [0051] At step SIOQ the calibration Towis

indeﬁ)@ﬂdeﬂtggéiﬁ vaBud- Thikd, k&r $t6IBr Bhhger] BRpB3t AatdrBifids whether the gain
e

proce to step SII, where the nmaxi mum val ue is

previetigy Riseé dox theGamd ddter KiEpeehighangbé, ared ixoskrédined for each color of
proceeds to step S12. [0052] At step S12, the maxi mum

the imadgee. i s conpared to the reference value. If the
maxi mum val ue is greater than the reference val ue, the
reference value is no |onger valid and the nmethod 600

[005R] OC e?ﬁéﬁ%‘é%eﬁf B8R erfBon $OtHREor& dNeWHED INERERINS iR ure
be determned. |If the nmaxi num value is not dreater

incllidlﬁﬁ d }E&ef &8y BAGEVALADrafieNr W @Rk SridofC@llibyh@defixels and
when t'he nmet hod 600 proceeds to step S5. [0053] The

colugid sie¢uing! thasreiRehabathutbf The palirativa rétotcashtath 4 b&uence of
of fset nmenory 520. In one exenplary enbodi nent, the

calibratige vaR(3' whithaan ®lecipplige gerdigiired pigeleidra valldser
array formed above the pixel array 201', and the
of fset nmenory 520 conprises of a first

[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

Thictoprocessor;withror withoutmemory storage o a singlevintegrated-circuit oroma~
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menory device 521 and a second nenory device 522. Each
menory device 521, 522 is respectively used to store
wW@bdosa1348nl ues associated with a particul ar oneCDiS1006€014179
col um out put lines 215 of each signal chain 301a,
301b. For exanple, nenory device 521 may be used to
store offset values associated wth [ines 215
: [: L0 i xel s, while nmenory device 522
dﬂﬂﬁgépégﬁggg%¥%%B§$%ggﬂbffset val ues associated with
even pi xels. The use of two separate nenory devices

521, 522 may be advant ageous in col or imagers_because
[005¢ he cTé|SBPtu1P@ BPPLeca gWiﬂé%Fm%‘Frr%ﬂoéﬁﬁﬂ tabpigatad on an
S R TR LR
T
exePROF UMb SRR NG gl e st o
profg BBt a B8R o YL AAL b i SRR LB,
L L

coupld®i£ eblamMBRe LR todtARS@hircitely 1290P.eThe irBEineCT008a & calibration
col or of the inmager. [0054] The present invention is

100" tpheslsfcotiemeilire a8, &Rl edluhifBdrAgtgT 2NN tcaatberfebricated on a same
including a pixel array having a calibration row

integrabgat cisedt afingddridwmabémivopidyets fabdcattdrutsahniquesi try
that reads the output of the calibration rowto obtain:
a sequence of calibration values which can be applied

[0052539'6%}@%:6@9 i & florSh & BHenV@stfiBed PHRRN 15: c%i'rlgéctt?(gi?%th the

a typlcal processor system no

exeﬂ*xéfé'ry' deRIiPRE REHOGYd BE 1A08rst8bd g thB VAR is HMR limited to
system 700 1 s exenplary of a system having

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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digital circuits that could include i mage sensor
devices. Wthout being limting, such a system could
W0 pwbatEsa conput er system camera system scaPCEDS2006/014179

machi ne vi sion, vehicle navigation, video phone,
surveill ance system auto focus system star tracker
system notion detection system as well as other
i mge based systens. [0056kj§yﬁk§n1700, for exanple a
canmera system generally conprisSes a centra
processing unit (CPU) 702, such as a mcroprocessor,
L NP A QPR ERLE PeW 4l 8Bsit Pt léé)gfcﬁé'éte&l etl@Y¥ Pafent of the
706 over a bus 720. 1magi ng devi 200" al'so

UnitegMes¢ates with the CPU 702 over the bus 720. The
system 700 al so includes random access nenory (RAM
704, and can include renovabl e nenory 714, such as

1. fl Asdolummdiscuitdor ah ialager, compiisingt e with the CPU 702
over the bus 720. The imagi ng device 200" nmay be
conbined with a processor, such as a CPU, digital

a plsiadjirabf golovessmdoubtides;f erent chip than the processor.
[0057] It should be appreciated that the inager 200

' be fabrjcated on an integrated circuit,

a plassiépheianal drainheasiheignal Jrin Reimg aeecitd Wafél N of said plurality
(ge t hod of nufactur%gg an, i mager 200'_ havin

of clmuhiragont lines, g hergN i InisBaRATEaIeF haher %3@439%

enbodi nent, a net hod of manuf act uri ng an |nager
o IR 505 R Ry B Bl RS bR e emory storage

areag :Q% glg%%x Elﬁéxgacp s?y ?A&g sg%)?ggggéi%gfpp 's E]IQ 8ffset value
asso‘aﬁltéWrEH %gecsg%éév ?Iﬂ% of su1a ﬁﬁ{i%agw bk ¥o %%Qn rea}dU‘Lﬁ lmes, and

ratio |xe I'I nes
215 and colum circuitry 220" can be fabrl cated on a

a coﬁﬁﬁ?ahﬂh@ gbﬂ%%te@élﬁg dhid oFededakiRe\WAdSRid 60 ¢l readout values
fabrication echni ques.

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
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[0058] While the invention has been described in
detail in connection with the exenplary enbodi nents,
w0 2ooshodBd be understood that the invention i SPEDUS2006/014179
limted to the above discl osed enbodi nents. Rather,
the invention can be nodified to incorporate any
nunber of variations, alternations, substit uti ons, or

1eac€a(§1lﬂ Ihi\@%l rglg& ga‘{,% @ﬁgﬁ &ﬁu@ gﬁn e&£ g{o%[ t@acgﬁxgeg c A o&flﬂfnn readout

line #he i nvention. Accordlngly, the invention is not
imted by the foregoing description or draw ngs, but
isonly limted by the scope of the appended
claims. CLAIM5S What is clainmed as new and desired to be
protected by Letters Patent of the United States is:
1. Acolum circuit for an imger, conprising: a
4, pI Thalcoluymncircait winlaiw] ovterbingedd l@gipkircaitiid ydayfted to calculate
i gnal chains, each signal chain being associated with
each\bfrﬁﬁfet valuk Whan ahict golomrcataniniscoaptadgt viaisaib pluwabeofcolumn
is an integer greater than or equal to one; at |east
readowé limesrty § rowaitdakibratisaspixelse nenory contai ning N
respective nenory storage areas per signal chain, each
of said nenory storage areas for storing an offset
val ue associated with a respective one of said
pI urality of colum readout lines; and a control

f id of f d.sajd. . .
5. G GRE St iR BRI (e ceb el Bl ARG Stgs sigmats
Corrgggaangf?ggo ?;qu%ﬁrgégg@‘]é%{gcugtl gf claim1, wherein said
gic circuit for-

respectively summ ng each offset value with an
associ ated di gital

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

corresponds to a black signal.

7. The column circuit of claim 3, wherein said logic circuit also adds a fixed value to

each offset value.

8. An imager, 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

16



pi xel value. 3. The colum circuit of claim1, wherein
said control circuit conprises: a logic circuit for

w0 e®prcByel y cal cul ati ng each of fset val ue aspP@I/us2006/014179
di fference between a maxi num one of said digital pixe
val ues generated fromsaid plurality of columreadout
lines and a digital pixel value generated from each

o cobRFEHEGoF Ak SR GhTShopta ERELGPLATE B s i
o S SaET LSPE L UR Mg RIS 1 ki i

a row of calibration pixels. 5. The colum circuit
comptising: . : : . .
%@ 12\8; m 4, wherein each calibration pixel outputs
signals corresponding to a known fixed value. 6. The

co,{l@maﬁt}ygp@luﬁﬁlfaaabmﬁnegﬁher ein said known fixed

val ue approxi mately corresponds to a black signal. 7.

The colum circuit of claim3, wherein said |ogic

ci & pltitaliay shsigdalschaird, xech sighalecttain bairly assbsieted aiitheN of said

8. An inmmger, conprising: a pixel array, said pixel

ar phyrakignpfrdodiumgy: readaigi Imespivhelre Naisraavigéeger graater than or equal to
plurality of colums and a plurality of rows; and a

rowngf calibration pixels; anda colum circuit, for

recei ving analog signals froma sel ected row of pixels

in said pixel array,and producing a correspondi ng set
of afdlie_@ﬁog}e rﬁpqgrys%/ af lggststg}edm@%}qgmoeﬁna&gtnl% regpec%ve memory
C°Qt%¥é§’é ardas 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

17



a plurality of colum readout lines; a plurality of

signal chains, each signal diain being associated with
wolwhb/1s38d plurality of columm readout |ines, MEUS20D6/014179

is an integer greater than or equal to one; at | east

one nenory, said at |east one nenory containing N

respective nmenory storage areas per signal chain, each

read it 1515 %nmf'g%ftaf bBleRYSIRI A dtOd R bty %'éﬁ@)e_@ﬁfré edlumn readout

val ue assocliated wth a respective one of Said
linesPl urality of columm readout lines; and a contro
circuit, for processing said offset values and said
di gital pixel readout val ues processed by said signa
chains. 9. The imager of claim8, wherein said contro
circuit conprises: alogic circuit for respectively
summ ng each offset value with an associated digital
11. piThelimegenef clhom Theheneigsnidblogit cirenibis adadted fo salrglate each
control circuit conprises: a |logic chc%it for
offset valpeoviheresaid calunnaiicHy e seyplenraesaigayEaly of column readout
~ difference between a_maxi num one of said digital pixe
linesyapuyew oferpdibsateen PPSH sai d plurality of colummreadout
lines and a digital pixel value generated from each
respective colum readout lines. 11. The inmager of
claim 10, wherein said logic circuit is adapted to
cal cul ate each offset value when said colum circuit
12. It ?k&aﬁa\{ﬁee% © lg%ii 3 1d oAl HER é)?tg?{ g?flb&?io&ﬂr@xép@t%ﬁtts Jsﬂgﬂﬁl%

ration pi
corresponding to a known fixed value.

13.  The imager of claim 12, wherein said known fixed value approximately

corresponds to a black signal.

14.  The imager of claim 11, wherein said logic circuit also adds a fixed value to each

offset value.

15.  Animaging system, comprising;:
a processor; and
an imaging device, coupled to said processor, said imaging device comprising:

a pixel array, said pixel array comprising:

18



12. The imager of claim 11, wherein each calibration
pi xel outputs signals corresponding to a known fi xed

WO 2000213488. The i mager of claim 12, wherein saPdI/Kszms014179
fixed val ue approxi mately corresponds to a bl ack
signal. 14. The imager of claim 11, wherein said |ogic
circuit also adds a fixed value to each of fset val ue.

! Togfly RS-l SR AR LRSI W B an
i magi ng device conprising: a pixel array, said pixel

ah3Y SOMMIb S piERghAG Pi xel s arranged in a

plurality of col Brms and a plurality of rows; and a

row of calibration pixels; and a colum circuit, for

a colurafieircuitgfanataging egmdég sighal¥ feorped &LéRed FOW FpiRdls eh Said pixel
in said pixel array and produci ng a corresponding set

arrayeinddp@iduingpa xetregp@tihg setsefl digital pixel siphels) $aid column circuit
conprising: a plurality of colum readout lines; a
compplsingal i ty of signal chains, each signal chain being
associated with N of said plurality of column readout
lines, where Nis an integer greater than or equal to
oa@lurality o4 selusne reastasityinesai d at | east one nmenory
contai ning N respective nenory storage areas per

i | chai h .of sajd t f
signal chain, epch of caj d. metoy v Storage areas £ary ¢ e
plurality of column readout lines, where N is an integer greater than or equal to

one;

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.

16.  The imaging system of claim 15, wherein said control circuit comprises:

a logic circuit for respectively summing each offset value with an associated digital

pixel value.

17.  The imaging system of claim 15, wherein said control circuit comprises:
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of fset val ue associated wth a respective one of said

plurality of colum readout |lines; and a contro
w@Reig9 f or processing said of fset val ues anPICHEBIH06/014179

di gital pixel readout val ues processed by said signa

chains. 16. The imagi ng system of claim15, wherein

said control circuit conprises: a logic circuit for

2 logl SRS E R B EH A R L rencapepgeen
a>50ct ¢ . . ! _the T R
il B APl S ORI O e
read%afé lifes R gigfi’ﬂca? peRE %aﬁég&;t%fe‘agég'fﬁ%h@d@ﬁ % eeﬁYé %lqrr%n readout

I gital pixel” values gen romsaid pFurality o
linescol um readout lines and a digital pixel value
generated from each respective colum readout |ines.
18. The inmaging systemof claim17, wherein said |logic
circuit is adapted to cal cul ate each of fset val ue when
said colum circuit is coupled via said plurality of
columm readout lines to a row of calibration pixels.
18. 1T heThmginggystgmsyfsiam b, vehetein 98d logiecaicnitésadiapted to calculate
calibration pixel outputs signals corresponding to a
cach Rffsplryalnsuthensair colzo Tineut Heagiupledy i e pluali4y of gy
wherein said known fixed val ue approxi mately
readylines fo adow of @libraléqn Bixgial . 21. The i magi ng system
of claim 17, wherein said logic circuit also adds a
fixed value to each offset val ue.

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

cotresponds 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:

(@)  atafirst time, reading, in accordance with a current gain, a plurality of

calibration values from a row of calibration pixels of said array;
20



22. A nethod of operating an imger having an array of
pi xel s arranged in rows and col ums, said nethod

w@owpniBsng the acts of: (a) at a first tine, PEHUBINGG/014179

(b)

(©

(d)

()

(g)

23.

(b

24.

()

in accordance with a current gain, a plurality of
calibration values froma row of calibration pixels of
said array (b) determning a reference value from said

Rioiing’s pBiente T 50wl BuRBEERR S

sal d current gain, a second plurality of calibration

val H%ﬁcé(ﬁé:?mrﬁbaalf 1194 Bfst ‘r{?gﬁé heAdi8NiPActel S arﬁcfe ﬁh‘gaid current

array cal cu ating étorln or eac

anyag, fa%%%oﬂ& bﬁ?rah@ﬁ Sfjcélﬂ)ﬁﬁblq vhR{e8 rff‘d}ﬁ%aié?fdw ofBalitatién pixels
plfurality of “calibration values; (e) setting a target

I QfVshid ArHprrent row, (f) reading, in accordance with

said current gain, a plurality of signal values from

said target row and (g) respectively applying said
plcalcaldting aid sboksel foradadkh sohions gardofibetrnalliid pasedl @i gridlreference
val ues. 23. The nethod of claim 22, further

coapud aidepid (Hiyradiy of nglilatidntelgest row to a next row

and (i) repeating steps (f), (g), and (h) while said

current row and said next row are in a sane frane. 24.
THetEt hsggefrom  aregent IgWher conprising: (j) if

said current row and said next row are in different

fra and if a current in
rﬁmg, B Bccordance with said tirrent gain, a plurality of signal values from

said target row; and

respectively applying said plurality of offset values to said plurality of signal

values.

The method of claim 22, further comprising;:
setting said target row to a next row; and

repeating steps (f), (g), and (h) while said current row and said next row are in a

same frame.

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,
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I s unchanged, 01) reading, in accordance with said

current gain, a plurality of calibration values froma
wo oweof348al i brati on pixels; 02) determ ning a PERUNNG/014179

value of said plurality of calibration values; 03) if

said maxi mum val ue is greater than said reference

val ue, proceeding with step (b) and 04) if said

) T TR O SPAE S A3 & GEGD8, ot coracion

claim %‘éluﬂﬁéﬁ@rdxﬁ fEﬁPm%an gl r ef erence value is

based on a naxi mum val te of said plurality of
calibration values. 26. The nmethod of claim 24,

W ei i et nSih @R & BlaxiS@ind vﬁﬁi‘eedfesﬁfcﬁgﬁﬁﬂhléiéf bisceﬂib%&’tlon values;

based on a predeterm ned offset val The net hod
of claim23, wherein in step (d), each offset value is

c&Byul af edd basethuen valul igeefBE thareda@ esfes@icd value, proceeding
reference value and a respective one of said

cal i br atitlostepabyesid 28. The net hod of claim 22,
wherein in step (d) said offset value is al so based on
a previous offset value.29. A method for forming an

i Y ndf wid enaximugo ivphiesis mgt gpeasen diangadd sefaiansacabier
substrate formn over sai d sem conductor substrate,
a plxeﬁﬁaﬁﬁﬁvngsﬁauﬁﬁp x@)- array conprising: inmging
pi xel s arranged in a plurality of colums and a
plurality of rows; and a row of calibration pixels;
and

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.
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form ng, over said sem conductor substrate, a columm
circuit for receiving analog signals froma sel ected
w0 owe0i34p9 xel s in said pixel array and produci PQI/ES2006/014179
correspondi ng set of digital pixel signals, said
colum circuit conprising: a plurality of columm
readout lines; a plurality of signal chai ns, each
beln associ at ed f_said plurality

2. SRR R DeRBite ARG St Peleingl el of oot e

than or equal to one; at |east one nenory, said at

provga?lqgg sBRf PR é;ﬂml%lt ing N respective nenory

age areas per signal chain, each of said nenory
storage areas for storing an offset val ue associ at ed

formiMgl Bvar 688 REBAEEMHRIRES Qfbstatd] a@hiéélaﬁri‘é}b’ sQifd g&bpﬁ‘i‘}ay comprising:
réadout |ines; and a control circuit, ocessing

said offset values and said di gital pi er readout
vainagigopielsaeshdyyl inai plushlgiyed! cohdinns 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 or equal to

one;

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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