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WD 2005/ 050977~ PCT/ US2004/ 037729 Pl XEL SI GNAL
Bl NNI NG AND | NTERPOLATION TN COLUW CIRCU TS OF A

SENSOR CI RCUI T FI ELD | ON [ 0001] The
W8 V8B nvent i on rel w | y to i mage PEEALSRG04/037729
and, in particular, to charge-dofai n anal og readout

circuits for such sensors.'"*BACKGROUND OF THE
I NVENTI ON [ 0002] I mage sensors find applications in a
wi de variety of fields, including machine vision,

rpbfan SEGNQI Em?wmvmmmm ICGLUMN CIRCUITS
applications, an c n many smart
i mage sensors, it is%é%%?g?fgﬁg%‘grate on- chip
circuitry to control, ' to perform
signal and i nmage pr]ﬁgmmﬁlé I mage.
Unfortunately, charge-coupl ed devices (CCD), which
have been one of the dom nant technol ogies used for

b seHpresenfgnpentioreteiates genasallyt troimsagesensoers, drat, ge
scal e signal processing and are not easily integrated

hitufYOR &{aEgéLﬁbﬁlahVQﬁﬁgé ¢&addt i@gﬁg]kssfcog Sa6h Oetsoby

equentially “transferring the s ar ge rough
the sem conductor, and the readout rate is limted by
the need for nearl erfect charge transfer. [0003]
Active pixel seﬁé@i@m@@ @Ei?ﬁﬁﬁml‘&ﬁkpb@ nor e
active transistors wthin the pixel unit cell, can be

made conpatible with CMOS technol ogi es and pronmi se

HICgREr rgagm pensers éndeapplinations o grasd variaty wéfields, including
sensors. Active pixel

machine vision, robotics, guidance and navigation, automotive applications, and
consumer products. In many smart image sensors, it is desirable to integrate on-
chip circuitry to control the image sensor and to perform signal and image
processing on the output image. Unfortunately, charge-coupled devices (CCD),
which have been one of the dominant technologies used for image sensors, do not
easily lend themselves to large scale signal processing and are not easiiy
integrated with CMOS circuits. Moreover, a CCD is read out by sequentially

transferring the signal charge through the semiconductor, and the readout rate is

limited by the need for nearly perfect charge transfer.

[0003] Active pixel sensors (APS), which have one or more active transistors
within the pixel unit cell, can be made compatible with CMOS technologies and

promise higher readout rates compared to passive pixel sensors. Active pixel

LT -
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1 WO 2005/050977 PCTI US2004/ 037729 sensors are often
arranged as arrays of elenents, which can be read out,
for exanple, a colum at a tine. Each col unm can be -
WX85/80277at one tine, driven and buffered fACTHSH664/087729

by a readout circuit. [0004] FIG 1 shows an exenplary
CMOS active pixel sensor integrated circuit chip that

i ncludes an array of active pixel sensors 30 and a
controller 32 that provides timng and contro

B0 G pReF ARl IS 08 RS el P e B0 i

pi xel s and, in general, the size of the array 30 w ||
éxqueple, @ noluman ploa tifreuEach ¢olpiranean ke read ouflat ohertiges, driven and
iIs read out a row at a tinme using a columm paralle

Bﬁﬁg&ﬂtfpg%&ggﬁﬁeﬁo# H&Sad%ﬂeamﬁgm roller 32 selects a

particu prxel’s in the array 30 by
controlling the operation of vertical addressing
circuit 34 and row drivers 40. Charge signals stored

i € SR RIS AN XeniiNg! EMOSadiR\pisdedehso ircui
r[(?ebgg‘gut circuit 42. ThfeIﬁj %Iig’lxel s of th\gb col umsﬁ?geﬁr%tgdet
read_ out ﬁfquentially usi ng.a_horizontal  addressin
chipcihiat ingludes ppiazeay 9f acBiye Pyl sensops ¢4 pad & confredes 32 that

out put signal Voun and a signhal representing

ﬁ_&%ﬁh‘é ahfifl GRACERLELSIERALs 80 ehdBl6 B tdaBingdStit STigfRll ftored in

ich are ©provided at "the output of the Teadout
circuit 42. 005] As shov(\j/g in Fl array 30

ithe pixglss Exg [ Py ATEIIS RS eaﬁlongﬂbé’ %)tbgf%ebim in general,
sensors 50. Each columm 49 includes nultiple rows of

YRE§iGE 8f the array 30 will depend on the particular implementation. The imager
is read out a row at a time using a column paraliel readout architecture. The
controller 32 selects a pafticular row of pixels in the array 30 by controlling the
operation of vertical addressing circuit 34 and row drivers 40. Charge signals
stored in the selected row of pixels are provided to a readout circuit 42. The
pixels of the columns can be read out sequentially using a horizontal addressing
cifcuit 44. Typically, each pixel provides a reset output signal Ve and a signal

representing accumulated charge during an integration period Veuz which are

provided at the output of the readout circuit 42.

[0005] As shown in FIG. 2, the array 30 includes multiple columns 49 of
CMOS active pixel sensors 50. Each column 49 includes multiple rows of sensors
50. Signals from the active pixel sensors 50 in a particular column can be read out

2



50. Signals fromthe active pixel sensors 50 in a
particul ar columm can be read out 2 WD 2005/050977

PCT/ US2004/ 037729 to a readout circuit 52 associ ated
WA ASANEY col uim. Signals stored in the read8GE/US2004/037729
circuits 52 can be sent to an output stage 54, which

is common to the-entire array of pixels 30. The

anal og out put signals can then be sent, for exanple,

to a differential analog-to-digital converter (ADC).

{PORBHOEK EiR& S TRtk RodBRTth Thavedltif® Si a@§st@fe@1 in the readout
i ntroduced durlng the read process of

di ffer enti char ge node read m t he col urms of
et A, g AR P BABB e BIERa® PORTIGH) § the entire array

current readout circuitry uses subsanpling (under a

SEPER S0 ! fIlHeQnEha tphiPsihall eas ehdrise dendifor xdifiplel b a
nost imagi ng applications, a pixel is captured w th

SRl PR B Pl SR BT P, S0

capturing plxels at a rate slower than the base pixe
cl ock frequency. For exanple, one pixel can be

FRRGH e iy UG ah BB 1R s PR opf R g e read

base pi xel clock frequency The use of subsanpling
pré@esofathkidifferentinkduegemodpirgad out dodm tiag eoltimrdad khe CMOS
| ower - frequency sanpling. [0007] During subsanpling,

DRAEY ShusoP! 15 SmBL £ A cBEMSUAGH ey W08l cppeompiing

|guously sone pi xel's ar
t o obtain a | ower resol ution in exchange for a
fuidertal subkresbliugibe médel e incaease thit ftamiesrabe doadostimaging
i mge sensor where the readout circuitry has inproved
ﬁﬂpﬁéa%%ﬁ?x's,u& b&@l is captured with each pulse of the pixel clock (except during
blanking). Subsampling increases frame rates by capturing pixels at a rate slower
than the base pixel clock frequency. For example, one pixel can be captured for
every two pulses of the pixel clock to provide an effective sampling rate that is ¥
the base pixel clock frequency. The use of subsampling allows a higher frequency

pixel clock rate to clock lower-frequency sampling.

[0007] During subsampling, however, pixels are read out sequentially, but not |
contiguously. In other words, some pixels are skipped to obtain a lower

. resolution in exchange for a potentially higher frame rate. What is needed is an
image sensor where the readout circuitry has improved sub-resolution

characteristics with reduced aliasing.



characteristics with reduced aliasing. 3 WD

2005/ 050977 PCT/ US2004/ 037729 BRI EF SUWWARY OF THE

I NVENTI ON [ 0008] In general, enbodi nents of the
WO2es0509T7 provi de an imaging circuit, systenpcroskood/037729
rel ated nmethods for incorporating signal binning into
the-readout circuitry. Binning is defined as,

accurmul ating or interpolating the charge of nultiple
pi xel s and reading themout in a single operation. By
| ncor porat | ng BRIBRSOMMKRYIOP TEREHQVENTTGN! LT,
vari ous sub-resol ution processes can be |nplenented
to mnimze aliasing effects. Additionally, by using

ROEES IBaREER hachimeniip the Putibiod R s /gy maging circui
power requirenents of the sensor. An additional

Byesterhj dnd related mghadetor gndorpotdting sigridd dindifg into the-readout
Si gnal -to noi se ratio (SNR) advantages achi eved. from

b|nn re r anounced t he .apal og.do n than

R S S SR S
THE DRAWNGS [ 0009] These and ot her features and

iple aoipeeds anfid réveling) theamt bahing binglesopapsatton. CBﬁ aidoypsR€ifig
fromthe follow ng detailed description of t
t,ovided in _conn ion with t

ai?:‘}:q%%anw NG ?gu m{qﬂgutﬂlf YRR Suﬁdﬁicg]lhﬁl grcicqsgesagan be
bl ock di agram of an exenplary prior art CMOS active
phplemenseshoninghiips aliasing effects. Additionally, by using analog

processing for the binning, signal bandwidth may be reduced. This in turn
reduces the overall power requirements of the sensor. An additional benefit to
using analog binning is that the signal-to-noise ratio (SNR) advantages achieved.
from binning are more pronounced in the analog domain than they are in the

digital domain.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other features and advantages of the invention will be more
clearly seen from the following detailed description of the invention which is

provided in connection with the accompanying drawings in which:

[0010]  FIG.1is ablock diagram of an exemplary prior art CMOS active pixel

sensor chip;



4 WD 2005/ 050977 PCTI US2004/ 037729 [0011] FIG 2 is a
bl ock di agram of a conventional array of active pixel
sensors and a readout circuit; [0012] FIG 3 is an
WOHHPRYY charge node readout circuit; [0013]POTUS2004/037729

shows vertical binning by inplenenting a
split-capacitor configuration in accordance with an

exenpl ary enbodi nent of the invention; [0014] FIG 5
illustrates a horizontal averagi ng schenme anong col um

[00tls | FIGaz ot blatk diagrdrh ofaebheenttoreilak@ Yof ABRRID B ensors
of the invention; [0015] FIG 6 illustratés a 1lh
cacpacét%nge. I i.ge averaging circuit according to

%ho?ﬁeald xgﬁﬁllu ry enbodi nent of the invention; [0016]

FIG 7 shows an exenplary col or averagi ng operation

for the circuit of FIG 6; [0017] FIG 8 illustrates

Xe ry: [ r far.a first
D A s Ben B AR A BEBE REMO e o
exenpl ary enbodi nent of the invention; [0018] FIG 9
illustrates an exenplary col or averagi ng process for a

erANd FRQUALIRWS vértRANShnBIHY g i (& n
[gxleg]npl ary enbodi m“—gnt of the iylnver'lﬁlt&i]r%ra\;Eﬂgq?/%ﬁ?cg{fm{cn:Ofsl
2005/ 050977 PCT/ US2004/ 037729 [0019] FIG 10
GOnHgEraiands acrordansp Wathanceesplaneembp Anentef dusinvention;
third and

[0014] FIG. 5 illustrates a horizontal averaging scheme among column lines in

accordance with another exemplary embodiment of the invention;

[0015]  FIG. 6 illustrates a % capacitance line averaging circuit according to

another exemplary embodiment of the invention;

[0016]  FIG.7 shows an exemplary color averaging operation for the circuit of

FIG. 6;

[0017]  FIG. 8 illustrates an exemplary color averaging process for a first square

of a pixel matrix in accordance with an exemplary embodiment of the invention;

[0018] FIG. 9 illustrates an exemplary color averaging process for a second
square of a pixel matrix in accordance with an exemplary embodiment of the

invention;



fourth squares of a pixel matrix in accordance wth an
exenpl ary enbodi nent of the invention; [0020] FIG 11
shows a binned pixel matrix after the averaging
W we889905f  FI Gs. 8-10; [0021] FIG 12 is an rErarqmbmng7729
configuration according to the invention that
realizes a.VGA Bayer pattern, where pixels are
averaged fromthree rows and three colunmms; [0022]
FIG 13 illustrates a 2/ 3 resolution binning schene
rdi mct SHeerpMSidica d%gﬁ\ fNShir
rggﬂ] t hr ece;t g%?lg%rt]rsa@éosf a pi fgl mat ri xv are gf&%ﬁéggged; d and
0023] FIG 14 jllustrates a pinning scheme according
Hhausresein el e ,accwgmie Wil 3n examplagyembadiment of
ski pped in order to average out two colums and two
frRWaVedt@24] FIG 15A illustrates an exenplary
hori zontal binning schenme that realizes a 1024x768
RGB resolution in accordance with another enbodi nent
of the invention; 6 WO 2005/ 050977 PCTI US2004/ 037729
[002(5] HHIG. 11 5Rowh b birirtedt figelanaeedfpdrahy ab@th r@bess of
bi nni ng schenme that realizes a 1280x1024
%ﬁfohébion i n accordance with yet another enbodi nent
S I nvention;

[0021] FIG. 12 is an exemplary configuration according to the invention that
realizes a VGA Bayer pattern, where pixels are averaged from three rows and

three columns;

{0022] FIG. 13 illustrates a 2/3 resolution binning scheme according to the
present invention, where two rows from three columns of a pixel matrix are

averaged;

[0023] FIG. 14 illustrates a binning scheme according to the present invention,
where every third column is skipped in order to average out two columns and

two rows;

[0024] FIG. 15A illustrates an exemplary horizontal binning scheme that
realizes a 1024x768 RGB resolution in accordance with another embodiment of the

invention;



[0026] FIG 15C illustrates an exenplary horizonta

bi nning schene that realizes a "1/3 skip" VGA Bayer
resolution in accordance with yet another enbodi nent

Y7 2008 Hyent i on; [0027] FIG 16 illustrates PET/US2004/037729
My- Cy- Ye- G filter array fromwhich color separation

val ues are calculated in accordance with yet another
enbodi rent of the invention; [0028] FIG 17

illustrates a bl ock diagramof an inmagi ng apparatus in
[8625)r daFE@. 168t iHuyteates an ekempéar ddirizental binriitge scheme that

i nvention; and [0029] FIG 18 illustrates a processing

syste t struct

B R T P ARGR PR e ps Sl e Ry iR Ebodiment
i nvention. DETAILED DESCRI PTI ON OF THE | NVENTI ON
¢fab8@jverkiGn3. illustrates a differential charge-domain
readout circuit 150 for an inage sensor, wherein a

col um readout circuit 100 receives a signal froma
[BI xel along a colum Iine 101. Exanples of such

P&ui t G Blustraten aniererpharygrizontahbiz g0 508wy that
PCT/ L82004/ 037729 assigned U S. patent no. 6,222,175,

Rl d 8173 Ql%?r’ R AR ePYesb RIRIMGAGR ﬂﬁ&émt?xi}fe't bLfbher

her ei n. eadout circuit 100 inc udes a

tranS|stor 102 that receives a signal (VLN) at its
erabediment jof theigyAntient he art, the VLN signal activates
the load transistor 102 such that it provides a |oad
on the colum line 101. The colum line 101 is

[{Qﬁ Ihﬁgr] 8UPA li%sgrgtets \g&/lg aé;}zg(e:(? rf'ljgtép gllrgy Erloirfwhticiw go%r
separation values are calculated in accordance with yet another embodiment of

the invention;

[0028) FIG. 17 illustrates a block diagram of an imaging apparatus in

accordance with yet another embodiment of the invention; and

[0029] FIG. 18 iliustrates a processing system that uses a binning circuit

- constructed in accordance with ény of the embodiments of the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0030] FIG 3. illustrates a differential charge-domain readout circuit 150 for an
image sensor, wherein a column readout circuit 100 receives a signal from a pixel

along a column line 101. Examples of such circuitry may be found in commonly-



pi xel signal |evel when a first sanple-and-hold signal
(SHS) is applied and a reset |evel when a second

sanpl e-and-hold signal (SHR) is applied to the readout
V0 263097750, Sanpl i ng both the reset and pi xelcTRISgoM@I037729
| evel s allows correlated double sanmpling (CDS) to be
perfornmed, which can reduce reset noi se associ at ed

with the connected pixel as well as noise associ at ed
with the source-follower circuitry in the pixel

S T s R S AR R e
transi stor, and a capacitor 106. The first

saitipét-reneinh dlhd read@utalircBtiI00 sndypgds elbatardrdsesteni 02ahat receives
103 to control whether the switch 103 is in a

RSO RHE B Kt B BT SCR e

Whl ch also may be inplenented as a transistor, and a
dapad edahsistot Q02 siitie tisg dondviikenalleadiod the bcﬁiu&ixglmé 18HRhe
is applied to the swwtch 104 to control the state of

SWi 4 aci t 107 e.held at.a .
R0 i e R R o i D PR iR BB e gtoring =
108, respectively. The signal 8 WO 2005/ 050977
REXEIUGRC0 @B Wi a fitsaaqlﬁpkeemd -bblsl digmal{SEGPisappdied taol a reset
109, and the signal clanmpR controls the state of

Pl §Poe Epecold inpt ARECAN QeSS 1§ 35BlE A e adous

crowbar switch 105, which also nay be inplenented as a
t cizmugti 00 Samfiimgdiaih éhofesetmndpizebsgnalilevels sliows i@ Telated
controll ed by an external

double sampling (CDS5) to be performed, which can reduce reset noise associated

with the connected pixel as well as noise associated with the source-follower

circuitry in the pixel sensor.

[0031] The first sample-and-hold circuit includes a switch 103, which may be
implemented as a transistor, and a capacitor 106. The first sample-and-hold
signal SHS is applied to the switch 103 to control whether the switch 103 is in a
conductive or non-conductive state. The second sample-and-hold circuit also
includes a switch 104, which also may be implemented as a transistor, and a
capacitor 107. The second sample-and-hold signal SHR is applied to the switch
104 to control the state of the switch 104. Capacitors 106, 107 can be held at a

reference voltage (VCL) by closing switches 109, and 108, respectively. The signal



crowbar control signal (CB). Use of the crowbar switch
105 can hel p reduce fixed pattern noise (FPN) caused

by col umm-to-col unm variations due to the col um
“ﬁi?@?@§V74eadout structure (described above) .PQTOEF3a)4/037729
Signals stored by the capacitors 106, 107 can be
transmtted to the output stage 120 through

respective colum select switches 110, 111, which may

be i npl emented as transistors. The columm sel ection

TIBAPS corkiebISBhe staRbfiseHtchol09t Akd t1Mi A @PardIR corthdis the state of

controls whether those swtches 110,°11i1 are
conductive or non-conductive. Wen the col um

S 080 switch 110 (or 111) is turned on, the
sanpling capacitor 106 (or 107) is coupled directly to
a bus 117 (or 118) connected to the output stage 120.

I oul d be..appreci at ed t hat th.switches 110, 111 =
et B 88 BER e Fn e iachR ke dHS Roimgh esplgut cirui
al so be understood that any other suitable storage

d60 imdudesya trewdab switch 1168, Whichtdi® mapdeiiin@ldndi6d a3 Q7.
[0034] As nentioned previously, the output stage 120

t char ge:- in_readout circuit 150 i ommon to
Rl BeEE T RS Bbsr L s foRi B apceecrmal
2005/ 050977 PCTI US2004/ 037729 only a single circuit
X50wbar ¢dnitred sigapb(CB)n Use@f e crowharphetchdDB giin headk@diice fixed
circuits are coupled to the output stage 120. The

SH AP LS8 R R ol AR il e cotom

anplifier 112, two feedback capacitors 113, 114,
pasalial readsiuy sguaipire (Hesetibebabove. out put Vouti, Vout 2
and the negative and positive termnals of the
operational anplifier 112. Reset

[0033]  Signals stored by the capacitors 106, 107 can be &ansmitted to the
output stage 120 through respective column select switches 110, 111, which may
be implemented as transistors. The column selection signal (ColSel) applied to
the, switches 110, 111 controls whether those switches 110, 111 are conductive or
non-conductive. When the column selection switch 110 (or 111) is turned on, the
sampling capacitor 106 (or 107) is coupled directly to a bus 117 (or 118) connected
to the output stage 120. It should be appreciated that both switches 110, 111 may
be closed at the same time if desired. It should also be understood that any other

suitable storage device may be substituted for the capacitors 106, 107.

[0034] As mentioned previously, the output stage 120 of the charge-domain

readout circuit 150 is common to the entire array 30 of pixels. Thus, although
9



switches 115, 116 are respectively coupl ed between the
out put Vouti, Vout2 and the negative and positive

term nals of the operational anplifier 112. Each
WoeBFPHOGr output stage 120 can be sel ecti vatGI/¥$20@H037729
by turning on the associated reset switch 115, 116
using a signal Rst_anp. The operational anplifier 112
provi des two output signals Vouch, Vout2 that are

then transmtted to the anal og-to-digital converter

( 0 . > kLU e n., ..
(R SR oo 0 fs Bloct N A P, rbabble R Sho iy e
is inmplemented in the readout circuit 100 of FIG 3.

Tare coupledi tbdhe odip@it stage 120f The GutfBitstage 1@plintluded 4 switched
the illustrated exenplary enbodi ment of FIG 4. The

SRR A B RS B8 100 LA o

whi ch each neke up a fraction (e.g., 1/4) of the
deedbarkl capagitass 1 nd &4, Bspertivelyacoupded Deowern 6he sutput Vous, Vour

coupled to a respective switch 201- 208, where each

AL AP g b OB A1 e

predeterm ned sanpling sequence. For exanple, if all
tFreiteies 1dhdd 6 apa reppectiviely evupled batweandthe putpit Bay, Ve and the
capacitors 209-216 would 10 WO 2005/ 050977

.03 . i : i
F&Qa%@ QAA/HA3ifit Fe2PE R d2hb }SPE%Q‘S’}(@(;%?P%& PP 3G Wtegrator

i.e., full resolution), and
capaci tance would be the sane as that shown in FIG 3.

|QuipHbehage B0 candes selessiyeln 1eget byhirningtanethesisentiiated treseh switch

FIG 4 shows a four-capacitor configuration (i.e.,

eAGN1 TARARE b erRERBTadR. IThd Sp@aftokARRPHAY § 12 provi -
el emsnts),gan nunbér of cap cito? € provides two
output signals Voun, Veuz that are then transmitted to the analog-to-digital

converter (not shown in FIG. 3).

{0035] FIG. 4 illustrates an embodiment of ﬂme invention, wherein vertical
binning is implemented in the readout circuit 100 of FIG. 3. The capacitors 106,
107 of FIG. 3 are “split out” in the illustrated exemplary embodiment of FIG. 4.
The capacitive value of capacitors 106, 107 are replaced by multiple smaller
capacitive elements 209-216, which each make up a fraction (e.g., %4) of the
original capacitance. Each capacitor 209-216 is coupled to a respective switch 201-
208, where each switch 201-208 is controllable to obtain different resolutions for
an array BQ (FIG. 2) under a predetermined sampling sequence. For example, if all

the switches 201-208 are closed during operation, the capacitors 209-216 would
10



splits (2, 3, 4, 6, etc.) my be used. As another
exanple, if only half of the switches are closed, the
eadout circuit would be in a 1/2 resol ution

“@bﬂﬂ’?ﬂ%ﬁ [0036] As an exanpl e, the enbodi mGT/E§R004/037729
FIG 4 may be used with nonochrone sensor schenes

where the sensor nay be configured to support ful
resolution, 1/2 resolution and 1/4 resolution in the
vertical direction. For the sake of sinplicity, it is

|s def hﬁhﬁgﬁ?iﬁ@mﬁéﬁgﬁe,?ﬁlg%@ resoﬁ‘u?ef%%ngn

the signal received froma flrst row of the array is
Sarpritmce wpuld bedhe same ap that shaenda FiGi 3. oit sh¢wldgre understood
capaci tors 209-210 and 213-214) by enabling the

rtﬁﬁtp ?\%I)e\’cﬁe %ﬂ{btoﬁ!ﬂﬁé B-HG. 4 1’1\65\79 B8Sul 9%133%8& %If}g:}%r%ﬁon (e,

a5500|ate with t ose capacl t'ors
recelved froma second row are sanpled and stored on
t9REN FARACHOR BRINgApAE inte Asapacifve elemeats)t m}smzmbeﬂc}ﬂ:a@acitor
215-216) by enabling their respective switches (e.g.

% EsC(be§ 42@3€t8§)ﬁ13?1% el A8no ’&t’aﬁ‘gﬁ?gﬂ)ﬁl& 1alt of o? sw1tches

ata (during a crowbar operation
the cap C|tors 209- 216 are_shorted, wherein an
A8 Flaged tae geasdous Firewis wiould be ima 1Qresplgtionwondition.
outputted. It should be noted that the gain of the
circuit of FIG. 4 remains stable during this

gﬁﬁg tio agag%ﬂggg§$?lbllu%%égg4u3|n tQ%FO@@W]

Under a 1/ 4 resolution operation, si gnal s received

fmomodhinembisessorfsehieémes wivereothe defstr r&%@.ﬁé@?&é&@pert full
sanpled to a respective capacitor 20 212 .

d a%)og{étl{nb el/zf ougu ; oWsan&l [Aeregct)l%rﬁ%g mtt}I;]eever al (Breactlgrsl %gr Ellrl:esake of
simplicity, it is assumed in the example that the horizontal resolution is defined
outside the chip. Under % resolution, the signal received from a first row of the
array is sampled and stored on two of the capac1tors (e.g., capacitors 209-210 and
213-214) by enabling the respective switches (e.g., switches 201-202 and 203-206)
associated with those capacitors. Signals received from a second row are sampled
and stored on the two other capacitors (e.g., capacitors 211-212 and 215-216) by
enabling their respective switches (e.g., switches 203-204 and 207-208). After
sampling the data (during a crowbar operation), the left plates of the capacitors
209-216 are shorted, wherein an averaged signal of the first and second rows is

outputted. It should be noted that the gain of the circuit of FIG. 4 remains stable

during this operation, which adds flexibility in using the circuit.
11



shorted to output an averaged signal anong the four

rows for the particular colum. [0038] Bayer patterns

are typically used to acquire col or inmages when col or
WE8Y4Mg97T’s used. Bayer color filter arrays aP&TRIS3YUW/037729

in the art and are used to digitally acquire col or

i mges. The Bayer pattern of color filters are such

that half the total nunmber of pixels are green, while

a quarter of the remaining pixels are red, and a

er vl BB, 9
7f2 r e]gg %{?6{1 ope?iatl gg f%i%rrﬁ rsct)ljve\:/&gveCE F}gi}i\aﬂhg (Lﬁ}gﬁrour

signal froma first rowis read out and sanpl ed on

rowes of 2 selupm aresgeperately sangded t@a rgspretiveicaphciteradfi-212, 213-

sanple line (i.e., pixel S|gnals on capacitors

3#2 A SRR R OB S, RTINS B Al Faphllors P26 are

capacitors 211- 212 215-216 of the sanple lines.

aim.rt%tﬂ OwtpE4 enpeiaged signabameng: the feut ows fentte pratipiler

line are then shorted together; the averaged sum for

EQWennk and 3 are read out (via switches 110, 111).

The sane process is repeated with rows 2 and 4, where

the row signals are averaged and read out as descri bed

above. 12 WD 2005/ 050977 PCT/ 11S2004/ 037729 [0040]

fdossl r eBpjertpatierrisaad OpbicallyPa8Rbtof fqueelclor #dH& whs color

S|n1lar to the 1h resol ution described above, "where

r OWs { e first st ed on respectlve

dpsRE %Sd%s%éaﬁrzco oo AETaYR A KgEWTIRdhF R NG are Used to

subsequently, rows
digitally acquire color images. The Bayer pattern of color filters are such that half

the total number of pixels are green, while a quarter of the remaining pixels are

red, and a quarter of the remaining pixels are blue.

{0039] Under a ¥ resolution operation for a 4-row pixel, a color signal from a
first row is read out and sampled on the first two capacitors 209-210, 213-214 of
each sample line (i.e., pixel signals on capacitors 209-210, reset signals on
capacitors 213-214). Next, the signal on the third row is sampled to the other two
capacitors 211-212, 215-216 of the sample lines. The four capacitors 209-212, 213-
216 from each sample line are then shorted together; the averaged sum for rows 1
and 3 are read out (via switches 110, 111). The same process is repeated with
rows 2 and 4, where the row signals are averaged and read out as described

above.
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2, 4, 6, and 8 are stored on a respective capacitor
209-212, 213-216, averaged and read out. [0041]

Turning to FIG 5, another enbodi nent of the invention
“105,2‘5“?’1’%% 'rated, where each binning circuit 3G0/U$AY4/E37729

sanpl e and hol d pi xel signal and sanple and hold
reset signal node coupled to a neighboring circuit 501
via respective switches 502, 503. Binning circuit 501
al so connects to a neighboring binning circuit (not

$0Q40h)  t FnoYgresslutionhead 504probaS forAdlb éi%ﬁh isbéi%gi[ag ® the 1

circuits can be added as required, and e out
aver aged si gnal

. . arry “horizopntal | y" :
%%Oy}?&gg%%g@ é ?’aﬂ'ﬁlwﬁ%rﬁf@gﬁ th e éB?yi e éirsteatoned)on a
[0042] When using the circuit of FIG 5 in a
mespechiveorapasitos209-21Y 21 2086 aveiraaealasdf Lning. ;
circuits 500, 501 are added tog%t@hg?dkggfgggg?f%yﬁ%e%(?g%’ro“s
i ring col umms (discussed in greater

3’2?’5.’ %{‘ﬁgﬁg%ﬁ%g&g%‘ﬁ ﬁ%&fﬁ’ VR apRciter é%?-%%ﬂl@%.l@paowraged and
col or sensors, the colums are read out in accordance
tgadrouthe Bayer pattern (di scussed above). The range
of averagi ng and the nunber of shorted colums can be
adj ust ed depending on the resolution required. It
Bﬂ@ d 13 WD 2005/ 050977 PCT/ US2004/ 037729 al so be

st oddmingto Flge Scanather embodinteeit bbb dse BESEEHLD 8dllustrated,

herein are equally applicable to other types of
Winegd Qh $aVhite Lircit%$00 1S SHARRO vi ces (GCDs) ) .
[0043] FI G 6§i | Tust r at egagno eeﬁ%ﬁ%%%ﬁ?%émple and
ﬂ'e@vent i on, erein the readout circuit 650 is simlar
dtrﬁ_%ﬁt § nede goupled taa reighboriagtcirchitt50e atdrespective switches
capaci t or
502, 503. Binning circuit 501 also connects to a neighboring binning circuit (ﬁot
shown) throulgh switches 504, 505. Additional binning circuits can be added as

required, and the outputs (BIN1 and BIN2) carry a “horizontally” averaged signal

(ie., average signal between the column circuits).

[0042]  When using the circuit of FIG. 5 in a monochrome sensor, averaged
signals from the binning circuits 500, 501 are added together between the odd and
even neighboring columns (discussed in greater detail below in connection with
FIGs. 15A-C). For color sensors, the columns are read out in accordance with the
Bayer pattern (discussed above). The range of averaging and the number of

shorted columns can be adjusted depending on the resolution required. It should



604- 605, 606-607 of a sanple |line makes up one-half

(G 2) of each sanple Iine capacitance (as opposed to
the one-quarter shown in FIG 4). Each capacitor 604-
wWaDZ05/6508upl ed to a respective switch 600- 603CTRSR004057729
the switches 600-603 are controllable to obtain
different (i.e., less-than-full and full) resol utions
for the circuit 650 when opened and dosed. [0044] The
readout circuit 650 of FIG 6 may be operated to sum

[ f the.sa i.xe olar iLn each
SR s ERBHIT e oo FOT oS S ibed Rt are equally
emul ates that of a high resolution "skip node" used in
@p,phdéxle testher syprds dsmapaty desgcbsi(@gt, lkhargervup@d&i AR (@:CDS)).
Megapi xel CCD. An exenplary operation of the FIG 6
circuit 650 is showmn in FIG 7, where the row
iel ection ald.ﬂorithm in the readout circuit is
APl gur B tbdlingzates anotheriembbdimentR) the biventing, whesitgthe
3 (700) and store them on capacitors 604-605. The
r&sRiut TireRR 1 afed | out .
(not shown) Bg%gsrsgﬁ)l?g)éﬁg%tcapa%ﬁ%%i 215? I%O%%Xé‘%%% cach capacitor
Iﬁft _plates of the_ capacitors 604-607 are then
SH6PP2 P0P606 of psemple EnemakesiupiogadialfdC/2)tdfeariedample line
colors of first and the third row 14 WO 2005/ 050977

CEERTERIEY P e%rar - | 7 .

cgt i nuesé/\?vi E’Ztg%e{ gr egirgl c o%?ﬁﬁi’ﬂ&ﬁ fF:r[dgvé. Fagh gapagitor 604-

g@;re thﬁﬁgreen colors (&) are read out (700) and -
oPSPUBIFCIRFE PR eatvit b (B90-603h Eagke o thesiwgtdies 600-603 are

the G pixels fromrows 1 and 3 are al so read out (not

abwettollable Bslolsth i @fepéhtqRO AL 8- : | ef t
pl ates of the capaci totSs 604- 607 %?Sanmﬁ) ré@%ﬁmo%sfor the

circuit 650 when opened and closed.

[0044] The readout circuit 650 of FIG. 6 may be operated to sum together
charges of the same pixel color in each column. The result from this kind of
operation emulates that of a high resolution “skip mode” used in CCD devices,
such as that used in the Sony ICX252AQ 3 Megapixel CCD. An exemplary
operation of the FIG. 6 circuit 650 is shown in FIG. 7, where the row selection
algorithm in the readout circuit is configured to read out red colors (R) from rows
1and 3 (700) and store them on capacitors 604-605. The reset signals from rows 1
and 3 are also read out (not shown) and stored on capacitors 606, 607. The left
plates of the'capacitors 604-607 are then shorted to output an averaged signal of -

the red colors of first and the third row.

14



then shorted to output an averaged signal of the G

colors of first and the third row Next the green

(Gb) and blue (B) signals fromrows 8 and 10 are read
WOLROOSASHBH) in a simlar fashion, then rows 1ZCAA$2008/037729
(703) are read out as shown in FIG 6, and so on

[0046] For enul ation of a 4 negapixel CCD (e.g., Sony

| CX406AQ 4 negapi xel (Meg) CCD) in high frane readout
node, rows 1 and 5, 10 and 14, 17 and 21, etc. are

§47pd | Thepraoeseof Fidentondhudsowithahe BREAIORRIGRPOM@ws 1 and
To realize this exenplary binning schene, the circuit

[ S in FlGs. 6-7 ma e ere .the row

TPRUREE erferloipen ol bad PubivRl) ald Siomesen Saparators 604605
readout order. [0047] FIGs. 8-10 discl ose anot her

$hb reses signalswf the Gempixdoirom SWEYahe B9 also ToR BRK NI Shown)
(full) resolution for a 3 Meg sensor i s approximtely

SR 3F5 B0 BRSO a3 SThERS} Bl et e s o

resolution), and 640x480 (1/4 resolution). In order to

thapushar eidytoresdiput aruaverigedssinalastahe Gredides ¥ekirss hHARhS third
it is necessary to average out the pixel signals. 15

O Xonpl Ty 5resndop| S O B gl et Bisa ) F o out

the matrix 810 are arranged in a Bayer pattern, and

(9d} & 7 similartfashion ehemiogs 12add 16703 aee fhadWutaS shown in FIG.
illTumnated (i.e., not shaded). The Bayer pattern

oi sfspof first (G) and second (CGb) green pixels,
ared (R pixel, and a blue (B) pixel. G and R color

pi xels alternate in odd rows 1,3, 5, etc. B and b

color pixels alternate in

[0046] For emulation of a 4 megapixel CCD (e.g., Sony ICX406AQ 4 megapixel
(Meg) CCD) in high frame readout mode, rows 1 and 5, 10 and 14, 17 and 21, etc.
are summed in a manner identical to that described above. To realize this
exemplary binning scheme, the circuit discussed in FIGs.l 6-7 may be used, where

the row selection algorithm is adjusted to accommodate the readout order.

[0047] FIGs. 8-10 disclose another sub-resolution scheme for a 3 Meg sensor.
The maximum (full) resolution for a 3 Meg sensor is appro@atel;r 2048x1536.
Exemplary sub-resolutions for the 3 Meg sensor are 1280x1024 (2/3 resolution),
1024x7658 (1/2 resolution), and 640x480 (1/4 resolution). In order to accurately read

out the sub-resolution pixel signals, it is necessary to average out the pixel signals.
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even rows 2, 4, 6, etc. Under a 2/3 readout schene in

the exenplary enbodinent (i.e., 2/3 of the ful

resolution), rows 1 and 3 are read out froma first
WIROHGU7e 820 of matrix 810, and stored i nPETESAS087729

circuit, such as one described above for FIG 4.

During the first pass (800), the switches in the

readout circuit are arranged to first average the

first green pixels fromrows 1 and 3 as foll ows:

oy 1) G byt ) o BB MUl v

colum 3, G (3,1) designates the green pixel in row 3,
@oritprPl0 arearrangedin a Bayerdpattare, and wherprnoavs thiak ateseing read
fromrows 1 and 3 are averaged out, the averaging
RARGESshITRY 85 d, P 0 | i i
DRSNS I nipfed B8, oL Phaicd) he BANES3tEit Snsiss offirs
After the first pixel square 820 is read out, the
seskanksecand (Ghreraen Rixels, asteddRd PpiekandsblaedBppixel. Grand R
where the & pixels are read out (802) and averaged

ROIR P ak@nHd ih cdd #ovd {3 5)etc. 3 13D, :
readpgtt &(1803) and aveoraged} aef:%org?%g’%-% (l%?g)aﬁfmatem
R(1,6) +_ R 3,42 + Ff{é-ag:z As.can be appreci ated by

{eNER EOWS i 41681 AR /¢ readquit seheme wothgererngéay engbodiment
read out prior to the fourth and sixth 16 WO

208757/8 20 e fulGhbbInRRS HBRE A2hd § HWERS otiBH3 b BirQ2d8 gquare

to preserve the Bayer pattern. After squares 820, an

are .read out and averaged, the process npves on
%5;8 phmatix gil.%t a&és‘%?rqdi In aiepdpatyeirgyit, syah asone drgsbed above for
FIG 9, the second row is processed with the blue
RI&e4 SDufinglthe EirdtPass (800), the switches in the readout circuit are arranged

to first average the first green pixels from rows 1 and 3 as follows: Gr(1,1) +
Gr(1,3) + Gr(3,1) + Gr(3,3), where the format Gr(1,3) designates the green pixel in
row 1, column 3, Gr(3,1) designates the green pixel in row 3, column 1, and so on.
After the first green pixels from rows 1 and 3 are averaged out, the averaging
process moves to the red pixels (801), wherein the summation of R(1,2) + R (3,2) is

executed.

[0049] After the first pixel square 820 is read out, .the process continues to the
second pixel square 821, where the Gr pixels are read out (802) and averaged
according to Gr(1,5) + Gr(3,5), and red pixels are read out (803) and averaged
according to R(1,4) + R(1,6) + R(3,4) + R(3,6). As can be appreciated by those

skilled in the art, the fifth column (802) is read out prior to the fourth and sixth
16



pi xel square 820 being read out and averaged (900)
according to B(2,1) + B(2,3). Next, the second green
“pixej_FGb) is read out (901), but is not averaged,

QLMY 71 s the only pixel color in the rowPFoUSEH037729
square 820. The process continues to the second
square 821, where the blue pixel is read out (902),
but not averaged, and the second green pixels (Gb)
are read out and averaged (902) according to Go(2,4)
<olumins @P3) iRgirder tropreseiverthe Baper pdtgeni witer sylveres 820aH 821
green pixel (G) (901) may be skipped, or alternately

SPEr PR AR B BB LIRS BESELeE b

Turning to FIG 10, the averagi ng process proceeds to
#he 9hird 822 and fourth 823 squares of matrix 810,
where the fifth rowis read out under a first pass
(810A), followed by the 4th and 6th rowin a second

@ﬁ%ﬁ (810B). In the first pass, starting with the
U s qflS- Bothe sepend 1w is prasessegiwigh the(lthnp pbels infthe first
fifth row are read out, and are averaged (1000)

POADBEIAHE 82O bingSreddl otit Fhé évéx)(ajg_gg %d@%g&igi%}%tﬁgs&%)@mmﬂ.

readi ng out of the red pixel
2. Jurni ng to the fourth square 823, the one first

Z\%f‘é‘&ﬁhﬁ PeRoncEEpsn picef ({ab)is read ewi983) Bubis not averagedysince it is
(1002), 17 WD 2005/ 050977 PCTI US2004/ 037729 fol | owed

liye brhlg pied ¢bhg in the Rlw Fhethe@uRio®0s Th\é?é&%)sgg_&ﬁ{xﬁ.\%g Jo the

out and averaged (1003) according to R
4th and 6th rows are read out

0052] Contifjjui ng, th (
PHCRAIBRETA. BACke ekl PPifhS f9d qUALL2D PR nohevphgad, and
pi xel s are read out and averaged (1004) according
the second green pixels (Gb) are read out and averaged (902) according to Gb(2,4)
+Gb(2,6). For a more simplified algorithm, the second green pixel (Gb) (901) may
be skipped, or alternately read out and added to the first green pixels (Gr) from

the first pass with a relative weight of 1/5th.

| [0051]  Turning to FIG. 10, the averaging process proceeds to the third 822 and
fourth 823 squares of matrix 810, where the fifth row is read out under a first pass
(810A), followed by the 4th and 6th row in a second pass (810B). In the first pass,
starting with the third square 822, the first green pixels (Gr) for the fifth row are
read out, and are averaged. (1000) according to Gr(5,1) + Gr(5,3), followed by the
reading out of the red pixel (1001) R(5,2) in square 822. TMg to the fourth
square 823, the one first green pixel (Gr) in the fifth row Gr(5,5) is read out (1002),
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to B(4,1) + B(4,3) + B(6,1) + B(6,3). Next, the second
green pixels (Gb) are read out and averaged (1005)
according to G(4,2) + Gb(6,2). Mving to square 823,
whhmosadogs pi xel s are read out and averaged ( XFG0)S2004/037729
according to B(4,5) + B(6,5), and the GCb green pixels
are read out and averaged (1007) according to Go(4,4)
+ b(4,6) + @b(6,4) + Gb(6,6). [0053] The pixel s that
were binned (i.e., read out and averaged) according to
EbiSwed b¥Qh i [ G _11 as shaded
pi xel s. Xs gg%\é%%g g{e}g(r)]{ 1!htiall.11 g&g?i eq?ﬁ‘émggéfﬁ W%‘&ﬁ@ﬁaﬁeraged
Rﬁgﬂx frg_ma 6x6 matri_xz] of the Bayer pattern is

! 3EPrang tody@derwdd bhe "Bayer-1ike" pattern shown
in FIG 11, colum 5 should be read before colum 4,
and row 5 shoul d be read before row 4. [0054] Under a

/ aye de, each 6x6 .pixel square shoul d out put
l’%z? gr eéﬂrr{ﬁ{"ifé‘ﬁs,&‘eo"ffrg apd @,ﬂz{ 5P gFreragHipatt i ik secpnd pass.
exenpl ary scheme that realizes a VGA Bayer pattern is

Btarting imbeaare B2F the bhze pERIRe PeatEhist RILaRYEE 0004 RMBrding

three rows and three colunmms. Using any o

' j\t.r j d ve_in connection wth FIGs.
B BE D) P AP A PR et hefeconsh reen Rixela @by ase read out
%ggel(gge)dhén%%ég) . 18 Yrig 2005/ Ot{50977
dﬁ@a@ IG . -
r Qs é@%\nd col%trénessfﬁl%e 8?3’0’,’ the

First, rows 1, 3 and 5 are enabl ed,

d. : 2, 4 and 6
BNt otk xR PR QT ecortinsnto e a6 9, and the

Under this binning scheme, no pixel data is skipped.

o8N pixelsmee reddoirandaheaged 61007) atebfahgt GhELS Gb6) +
13, which averages two _

Gb(6,4) + Gb(6,6).

[0053] The pixels that were binned (i.e., read out and averaged) according to
FIGs. 8-10 above, are illustrated in FIG. 11 as shaded pixels. As can be seen, 2/3 of
the resolution (4x4 matrix from a 6x6 matrix) of the Bayer pattern is realized. To

preserve the “Bayer-like” pattern shown in FIG. 11, column 5 should be read

before column 4, and row 5 should be read before row 4.

[0054] Under a VGA Bayer mode, each 6x6 pixel square should output two
green pixels, one red, and one blue pixel. An exemplary scheme that realizes a
VGA Bayer pattern is illustrated in FIG. 12, where pixels are averaged from three
rows and three columns. Using any of the circuitry discussed above in connection

with FIGs. 3-7, pixels to be averaged are designated as a first green (Gr), red (R),
18



rows (e.g., rows 2 and 5) over three colums, thus
obtaining 2/3 of the pixel data (1/3 of the pixels

are §kig ed). Alternately, FIG 14 illustrates a
“§?HWW$W7§inning schene where every third colP&HSze4/037729
ski pped in order to average out two colums and two
rows, thus preserving 4/9 of the pixel data (5/9 of

the pixels are skipped). It should be apparent to

those skilled in the art that simlar binning and

secondgiraen (Goywniislusyp). Firstaravs D13 idarel
Meg, 4 Meg, 5 Meg, etc.) under a variety (ﬁéﬁiea’gﬁdgommn“’
1600x1200, 1280x1024,

i pns, such a 48x1536,
%852%(%8@ %e 8?Ve“1a56§6f\%r¥€€£?"s Aapdi6arg enpbled, ameragadsand read
hoggﬁogézg-binning schenes that also nay be used in
getorasiniarwayh WheerpthassnhirigiéR ek ' i
b b PG ggéecifmf’?%,w%%&%%i\%
each disclose the first eight colum storage circuits
1500 froma colum storage system The columm storage
W0PRLI t #Anether binbingsrtierdd iy ilbistidted irt FIG.HE, W#hehaBRrages two
circuits 500, 501 shown in FIG 5. Each of the eig

R EY | [ it ve. i ntercann [ _

ol e e TR S G Bres Rt B LB EE B g picel date

@zﬁ%éé‘i?on bet ween col ums as di scussed above in
iRhelgarerslipred)s Alteenately? G0G/ BENAFFates a similar binning

PCT/ US2004/ 037729 [0057] To illustrate a binning

@pbefrpiwREre ' I Lrcuits, it is

assuned thlaéﬁgg ful%@gg&qg%@%egomogﬁ%rt8iadﬁfagi,e<ﬂ”t§rﬁ“f§ columns
i s, 2048x1536. In FIG 15A, a 1/2 resolution

BHLBY? Frofe thes Bresaryina 45mEthe pREBHlatavBAr of thepixil i:eRRped).
1501- 1504 are activated to provide bi-nning between

I¢ showidbelappadert to Zhé¥abikttiedIndAE afe that similar binning and averaging
schemes may be made for other pixels (1.3 Meg, 4 Meg, 5 Meg, etc.) under a

variety of resolutions, such as 2048x1536, 1600x1200, 1280x1024, 1024x768, etc.

[0056] FIGs. 15A-C illustrate various horizontal binning schemes that also
may be used in accordance with the present invention, particularly with the FIG. 5
embodiment. Specifically, FIGs. 15A-C each disclose the first eight column
storage circuits 1500 from a column storage system. The column storage circuits
are substantially similar to the storage circuits 500, 501 shown in FIG. 5. Each of
the eight column storage circuits 1500 have iﬁterconnécting column switches
1501-1507 that activate a binning operation between columns as discussed above

in connection with FIG. 5.
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and 6 and 8. In FIG 15B, a 1280x1024 RGB (or
alternately VGA true color, or VGA Bayer 5/9 skip)
resolution is illustrated, where switches 1501, 1505
WONIE0E7are activated to provide binning b@CRASE004/037729
colums 1 and 3, 4 and 6, and 7 and 9 (not shown).
Finally, FIG 15C illustrates a VGA Bayer-type
response, using a "1/3 skip" schene, where switches
1501 and 1507, 1502 and 1505 etc., are activated so

t[08d7) col Tonikuskratd adithifg dberddion HewbEe the QbR its, it i
and 6, and so on. [OOSS? eferring now to EIG.1féPé§mnm’nls
subt ract.i Qn col.um/ro i xel values is depicted in
SRR b Bl 6 YR e op Raie ZhgexIo00. LiTHG. 15, 2
color separation values can be cal cul ated as

122 Essolitendbdyndgt ivshoud GIZHO58MIB), ¥R the! BviRkdeis01-
to achieve this, the pixel reset S|gnaf i's stored In

t Ltor.. ordinarily used to store pixel signals

25 FRERER B TR g et e ol and b2 and 4 3 and 7,
ordinarily used to store reset signals. [0059] For

emgrfpirel 8.wirt FIG. 5By £1289x1 (R4MGB (v alteinQefieV GtAotr},le color, or VGA
cal cul ate color separation values, pixel” signals are

. i.Lors .06, 607 and reset signals are
TeBeE8o SRe 0RGG B BirargR Pt sxiienilodl 2hd and trs are
are subtracted. 20 WO 2005/ 0--0977 PCTI US2004/ 037729
0060} ko petiide irrengbeebenhtaturihel Bha) 2@ng 6] s ¥3nd 9 (not
and rel ated net hods described above ‘al so provide

_ _ _descri bed above ‘al e
ARk dont e e Muifue L LG4 BV iPageroRparias 1/

keep copies of the same signal as one signal is being
fb@d seame, Gherecpvetrihley 1501handdi 301500 GnidNB05 B&S Wt Sctivated so
rom

that columns 1, 3 and 5 are binned then columns 2,4 and 6, andlso on.

[0058] Referring now to FIG. 16, a subtraction of column/row pixel values is
depicted in connection with an Mg-Cy-Ye-G filter array 1600. The color
separation values can be calculated as C2-C1=(Y e+Mg)-(Cy-G) or C3-C4=(Cy+Mg)-
Ye-G). In order to achieve this, the pixel reset signal is stored in the capacitor

ordinarily used to store pixel signals and the pixel signal is stored on the capacitor |

ordinarily used to store reset signals.

[0059] For example, with reference to FIG. 6, in order to calculate color
separation values, pixel signals are stored on capacitors 606, 607 and reset signals

are stored on capacitors 604, 605. As a result, the values are subtracted.
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readi ng out all the copies inproves SNR

characteristics and col or spatial noise. [0061] An
exanpl e of an i magi ng apparatus 2000 i ncorporating any
VP 2¢08@509%1 nning circuits and rel ated met hods RIS¥ES2064037729
above is shown in FIG 17, and includes a |ens system
2001 for directing light froman object to be i maged

to the imge sensing unit 2002 including an i nmage
sensor; an analog-to-digital converter 2003 for.

cOQl t i Ahshawdd bragtedsthgntiesbinaig) cleditent RELatdIBE thods

sensing unit 2002 into digital signals; the

| a8eebe@hBbvLIRs 85K A0 - Uni 1 2005 for perform ng image
correction pr oceggé}%@egﬂ}éﬁbé’se%csmg?ﬁ'f’éﬁeﬁ BF‘éﬁlgR) characteristics
sharpness filtering, white balancing, etc.; an output

f BrIRadORigriteEis isitrecevembstorage aapititctd Réep B6picOHY Blelh AR gional
the image data into an appropriate file format for gn_

b die DY BSA. ISP Q..the er; and a

control Ter 2004 %ardd(%:l%h @é‘l%??'}rllegnt{yh g“eo‘g‘g?eéﬂgoﬁli‘ét Bysulth érom

entire imaging apparatus 2000. [0062] The inmage

JERLIDE QUi allifke ropigeimpeven GNIRcHar2@86@stics apg Qf)Rfr%?laﬁal noise.
es

constructed as an integrated circuit which inclu
pi xel s made. of a photosensitive material such as

g%éigﬁon. The | m? e,  sensor may be forned as a 21 WO

05007 BB BN APPaMD2WBriscurpanting any of the
conmbined with a processor, such as a CPU, digita

Siigmial cirpuireasd flatel nBtR6APHESERIA bobDidrS LA

integrated circuit. Alternatively, atbﬁ{églsﬁg}}gﬁg‘g’?:g%ﬂz and

Is ' e _sensj unj.t 204 may be constructed as a

e ‘g{ﬁggs & gagg 5}’53%01?@@?{% ctl@gyg light from an object to be imaged to the
image sensing unit 2002 including an image sensor; an analog-to—digital converter
2003 for converting the image signals received at the image sensing unit 2002 into
digital signals; the image/color processing um'tl2005 for performing image

correction processes such as color interpolation, sharpness fﬂterino white
O/

balancing, etc.; an output format conversion/compression unit 2007 for converting
the image data into an appropriate file format for being outputted or displayed to

the user; and a controller 2004 for controlling the operations of the entire imaging

apparatus 2000.

[0062] The image sensor in the image sensing unit 2002 is preferably
constructed as an integrated circuit which includes pixels made.of a

photosensitive material such as silicon. The image sensor may be form;:d asa
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[0063] Wthout being Iimting, such an inmaging

appar atus 2000 could be part of a conputer system
camera system scanner, machine vision system vehicle
wonegetpon system video tel ephone, surveil | @wxass2004/037729
system auto focus system star tracker system

noti on detection system image stabilization system

and data conpression system for high-definition
television, all of which can utilize the present

itgnms %ﬁ%ﬂg LAQ Q4 InA Lo OfeRpPGRFRAL aw,eagg%a%@al

e | magli ng apparat us may be conrect
is shown in FIG 18. The processing system 4000, such
aBTQELESSOB 1P TUETOPEeAseqn iTf deingleimpdgratedeinsnitl Alternatively, the
conprises a central processing unit (CPU 4001 that

. . L , | : 0
o o R oo i B b e o W tharge
comunicates with the systemover bus 4006 or a
peturded dewiseéE ). The processor system 4000 al so

i ncl udes random access nenory (RAM 4005, and, in the
case of a conputer system nay include peripheral

devi ces ch as a floppy disk drive 4002 and a conpact
dk%)éégl( co)s‘k’rtgwt bpinG dTHB08 NG IHIAENE BPRAFARISA000 g be part
CPU 4001 over the bus 4006. 22 WD 2005/ 050977

R6ITd SR QAAEOR 612, calr208 B stMhi b@nhbe nhdvhen ‘jii%nllggteﬁﬁ, &Bhicle

described in detail in connection with preferr

enbadi pent s kno at .the tine, it should be readily
HeGEeRER o e Viden LelPrt PO LrRO(Y SR Felp 108 Hstem, sta
di scl osed enmbodi ments. Rather, the invention can be
ndeitar agtstem, ntetivrpddtedtonasyytaht) heize efabiiadativhis§B®m and data
alterations, substitutions

compression system for high-definition television, all of which can utilize the

present invention.

[0064] An exemplary processor system 4000 to which the imaging apparatus
2000 may be connected is shown in FIG. 18. The processing system 4000, such as a
computer system, for example, generally comprises a central processing unit
(CPU) 4001 that communicates with an input/output (I/O) device 4004 over a bus
4006. The imaging apparatus 2000 communicates with the system over bus 4006
or a ported connection. The processor system 4000 also includes random access

| memory (RAM) 4005, and, in the case of a computer system, may include
peripheral devices such as a floppy disk drive 4002 and a compact disk (CD) ROM

drive 4003 which also communicate with CPU 4001 over the bus 4006.
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or equi val ent arrangenments not heretofore described,

but which are comensurate with the spirit and scope

of the invention. Accordingly, the invention is not

WG HOPEI'Ty the foregoing description or drawiRsJ&US2H44037729
isonly |imted by the scope of the appended cl ai ns

23 LLOYD WSE 24 Cdains 1. An inmge sensor readout
circuit, conprising: a columm line for receiving a
plurality of anal og pixel and analog reset signa

vabeRs; aviaileattei iftemigorchashdieh desetibedidint detSifirdcsitlebidh with
line, wherein said binning circuit conprises: a first

it dmbog i ndr Rab i (8ol FRodR pectenti ndersiood that

predetern1ned flrst plurallty of anal og pi xel signa

Vthk ireeritionis Aoplititetitd Yhofisplosel smbb@m&nt dRE@led e invention
line, a first conbining CIFCUIt for conblnlng sai d

st red fLrSt plurallt an I xe val ues

SRH B IPE g RIRRPEE a0y ¢ pgper Fie o etatiat eeptitutions
pl ur aI ity of charge storage devices sel ectively

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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connected in parallel for respectively storing a
predeterm ned second plurality of anal og reset signa

values fromsaid plurality of pixels fromsaid colum

line, and a second conmbining circuit for conbining LLOYD
said stored second plurality, of anal og reset signal WISE
val ues and outputting them ort%a second out put |ine.
LLOYD WSE 25 2. The readout circuit of claiml
wherCliaimssai d first conbining circuit conprises a
first plurality of sanple swi tches; and said first
plurality of charge storage devices conprises a first
pluralityl-of cAPACRERVENEIrdRRAPE! Cikghdt 6RPrsingai d

first plurality of sanple switches is coupled to a
respective gne of said first plurality of capacitive

C eent 5.8 ligT g for et Ris £ PRl bhPLErISe 6 e endralos
beigg nurtQ§ra?ouple to the first output line. 3. The
readdtlt' *FIELTAYSf Y8t ai m 2, wherein: said second
conbining circuit conprises a second plurality of

sanpl e Sé"‘f)ltxﬁli]r?% CirNﬁ? rcglilgleaatb%aﬁie&ﬁﬂg‘lrpﬁﬁlé,%f-léﬁéir‘? Eaid binning
nprises a

charge storage ‘devices c
circuit comprises:

a first plurality of charge storage devices selectively connected
in parallel for respectively storing a predetermined first plurality of
analog pixel signal values from a plurality of pixels from said column

line,

a first combining circuit for combining said stored first
plurality of analog pixel signal values and outputting them on a first

output line,

a second plurality of charge storage devices selectively
connected in parallel for respectively storing a predetermined second
plurality of analog reset signal values from said plurality of pixels

from said column line, and

a second combining circuit for combining said stored second
plurality of analog reset signal values and outputting them on a

second output line.



second plurality of capacitive elenents, and wherein
each of said second plurality of sanple switches is
coupled to a respective one of said second plurality

of capacitive elements, said second plurality of LLOYDWISE
capacitive el enents being fur%?er coupled to the

second output line. 4. The readout circuit of claim

3, wherein said first and second plurality of sanple
sw t ches and clpaciadone ceceir®fthimonprhaeiran even

nunber of sanple swi tches and capacitive el enents.

LLOYD WSE 26 5. A binning circuit for an inage

sensor, cEwpLirsepgabiaingrigerit Fomerises a flé@tmluraigtyaﬁaamle
pi xel and anal og reset signal values of an active

pi xeIWKeMSord g first sanple circuit coupled to said
colum line, said first sanple circuit conprising a

first pIuraI|1 rge,storage deyices sel ective
connect e ik Ar I dsh splss ﬁgraﬁeﬂveaﬂ?eagcomﬂ%e&agryst
plural i of anal hxel val ues from a
pluraui%tyé?(ﬁpxg%%e J%ﬂ$%§1 olunn line; a second
sanple circuit coupled to said colum line, said

second SISt 1d GHltoI GRITRY P LaoR: SPRANA LUEALLLY o

of charge storage devices connec

par azlejsﬁécthfes&?é?éﬂ 3464 Yir Jﬂhh{l&y%f %5\59&%@ bR S ysa?ci first
anal og reset signal values fromsaid plurality of

pi xebrirhli 9ot ciéivk@ments being further coupled to the first output

line.

3. The readout circuit of claim 2, wherein:

said second combining circuit comprises a second plurality of sample
switches,

wherein said second plurality of charge storage devices comprises a

second plurality of capacitive elements, and

wherein each of said second plurality of sample switches is coupled
to a respective one of said second plurality of capacitive elements, said
second plurality of capacitive elements being further coupled to the second

output line.

4, The readout circuit of claim 3, wherein said first and second
plurality of sample switches and capacitive elements comprise an even

number of sample switches and capacitive elements.



line; a first swwtch coupled to said first sanple
circuit and to a first output I|ine, said first switch
being controlled to conbine said stored first

plurality of analog pixel signal values and out pdtOYD WISE
sai d conbi ned pi xel signal vgiues on said first

output |ine; and a second swi4ch coupled to said
second sanple circuit and to a second output I|ine,

sai d secdnd swithihningj cigrudiofol maliregetsensmnbomersaig
stored second plurality of anal og reset signal val ues
and output said conbined reset signal on said second
out put | i heolumrohne fpigreceiyinganatag phxel mindpraleg réset signal
claimb5, wherein said first sanple circuit further
conpYaldesof 3n petive pixeliselIsPEly of sanpl e swi t ches,

wherein said first plurality of charge storage devices

R e RN O —,
o1 SR PR 1S MR RTEA B P bl Lt

| i f. it . Pa | .

P 1 BB GARR t IFRL b A LACKA P oM b
cl ai g 8a1 YIGE S BrSR b3 BEPHFp SRS said column line;

a second sample circuit coupled to said column line, said second
sample circuit comprising a second plurality of charge storage devices
selectively connected in parallel respectively storing a second plurality of
analog reset signal values from said plurality of pixels from said column

line;

a first switch coupled to said first sample circuit and to a first output
line, said first switch being controlled to combine said stored first plurality
of analog pixel signal values and output said combined pixel signal values

on said first output line; and

a second switch, coupled to said second sample circuit and to a
second output line, said second switch being controlled to combine said
stored second plurality of analog reset signal values and output said

combined reset signal on said second output line.



circuit further conprises: a second plurality of

sanpl e switches, wherein said second plurality of

charge storage devices conprises a second plurality

of capacitive el ements, and wherein each of said LLOYD wiSE
second plurality of sanple S\ghtches is coupled to a
respective one of said second’plurality of capacitive

el enents, said second plurality of capacitive

el enent s thei ngliabinméng cioogit efickhontShe teeeiorsid Gustpample circuit
line. 8. The binning circuit of claim7, wherein said

fi r Surthed cewgsisgs: plural ity of sanple swtches and
capacitive el enents conprise an even nunber of sanple
swi t ches apd c?pa?jti e elenents. LLOYD WSE 28 9. A

met hod of? BISSMI Wiy obs1pRte BYitehfsact i ve i mage sensor,
conprising: sanpling and respectively storing in a

out put " si RSO AR LT PRfe B AR SsFEpARERe: gmprises afirst
320 1 PSR APSILFLARAGE Jig ot Predeter i ned

sequence, rst urality of charge storage
devi ces being selectively connected in parallel;

sanpl i ng @H?reﬁﬁ%&&%f YR ¥irst e;%m_ | J¥ s@mifi€ Mtches is coupled to a

plurality of charge storage devices anal og reset

si gnakpa@viéashe ¢ RS Birst HiHIRY I0F YaPdcitb & Bllendrtd Bhid first
plurality of capacitive elements being further coupled to the first output

line.

7. The binning circuit of claim 6, wherein said second sample

circuit further comprises:
a second plurality of sample switches,

wherein said second plurality of charge storage devices comprises a

second plurality of capacitive elements, and

wherein each of said second plurality of sample switches is coupled
to a respective one of said second plurality of capacitive elements, said
second plurality of capacitive elements being further coupled to the second

output line.

8. The binning circuit of claim 7, wherein said first and second
plurality of sample switches and capacitive elements comprise an even

number of sample switches and capacitive elements.



said colum |ine of said sensor according to a second
predeterm ned sequence, the second plurality of

charge storage devices being selectively connected in
paral | el ; subsequently conbining and out putti ng LaP¥YD WISE
sanpl ed and respectively st Efd anal og out put signa
values on a first output |ing" and conbini ng and
outputting all sanpled and respectively stored anal og
reset sidhal vAlmethodrofdigringramn ouitpptof hhmetivd fnagéeensor,
nmet hod according to claim9, wherein said step of
sanf9Mgr$8Bd anal og out put signal val ues conprises
storing each anal og output signal in a respective
capacitive el enment .of a tirsﬂ$££urali y of capacitive

el enent s AEURNeH A FEREAT U _“%n“éaté’tr%trlhliuﬁ%lbty of charge

257470885 e HRalT PO STl e B ATy 8l o s
' i >N t _LLOYD WSE 2 :

CP S8 A PEao S0 PRRFA FRTse bR s By o

I . e . Cd
oo by sSerEPRRALt! Uong SLRERALS BRRCLEUTR phPaifd
according to claim9, wherein said first and second

pr edet er rgan@sliSe GHE RS A ElyLebgh 'rmﬁge%dapluralil:ly of charge

| ess-than-full pixel ‘resoldtion condition.” 13. The

et hperageaviied inbiogCtedbiBigral wiil@sseromsilid plifagity 8P fixels from
said column line of said sensor according to a second predetermined

sequence, the second plurality of charge storage devices being selectively

connected in parallel;

subsequently combining and outputting all sampled and respectively

stored analog output signal values on a first output line; and

combining and outputting all sampled and respectively stored

analog reset signal values on a second output line.

10.  The method according to claim 9, wherein said step of
sampling said analog output signal values comprises storing each analog
output signal in a respective capacitive element of a first plurality of

capacitive elements according to said first predetermined sequence.

11.  The method according to claim 9, wherein said step of

sampling said analog reset signal values comprises storing each analog reset



second predeterm ned sequences further conprise
interpolating different row output and reset signal
values froma colum readout circuit in said actiyeyp WIS
i mage sensor. 14. The nmethod according to claim13, E
wherein said predeterm ned gﬁguence further conprises
sanpling identical colors fr different rows froma
colum readout circuit in said active inmage sensor.

15. sigealintaredpedttier @ipagitive eddrapmy df23 sashed gilara iy df capacitive
first and second predeterm ned sequences further
conpHementsaeppingttp sgidisecpad gnedeternimad sespeooe.

circuits in said active inmage sensor. 16. The net hod
according to claim9, erein said first and second
predet er Mined Sayetled pecording e dhalgn Bywhermip spid first and

tt . .17, The. hod of claim9, f h .
02 o OB B0 B S ot e

sig I i¢.conbi ned analog reset signal. 18.
Ther}%é?%lgg)wo%%c téfgr?h 17 further conprising: LLOYD W SE

30 calculating a col or separation value of said

sanpl ed sjgnal Tl’(@b\‘é@ﬁo@gcccﬁair% RIS 12 Whefin said first and
charge-domai n readout circuit conprisifg: a plurality

of  CRLORN preddtBrthirtdd sedubRcQabHRE YRt IAMRbEIERG different

row output and reset signal values from a column readout circuit in said

active image sensor.

14. The method according to claim 13, wherein said
predetermined sequence further comprises sampling identical colors from

different rows from a column readout circuit in said active image sensor.

15.  The method according to claim 12, wherein said first and
second predetermined sequences further comprise interpolating different

column readout circuits in said active image sensor.

16. The method according to claim 9, wherein said first and

second predetermined sequence is determined by a Bayer pattern.
17.  The method of claim 9, further comprising;:

subtracting said combined analog output signal from said combined

analog reset signal.

18.  The method of claim 17 further comprising:



conmbine nmultiple pixel signal values and reset signa
values of a plurality of pixels of an active pixel
sensor, wherein each columm readout circuit is ,
associated with a respective colum of sensors inlEQYRIWISE
active pixel sensor, each o% said plurality of colum
readout circuits conprising: Q first plurality of

charge stora?e.devices sel ectively connected in

par al | el cebulatingacploarsepartion vidueatsridfsamyiled signal values of
mul ti ple pixel signal values fromsaid colum of
sen$8iksensotecond plurality of charge storage devices

sel ectively connected in parallel for respectively

torin ch o aid I tipl t si I I
from o B0 R eRatt Bt bR B s e o ¢

for conbining said respectively stored nultiple pixel

si gnal VaJ %ll%)?aw?if C%?ll%tnns[jega&!lt %{gc!rdggsébacﬂ off ivx';l’ﬁtch ?g%lpfl@ ind

recei ving el “signal values s y a selec one

of  SRBInE hFp1E BRAP Yo Gl AUEL Snd 308kt Rig3RE MARiRE affMirality of
egg\% by a

recei ving sald'reset signal values stor

sel ggled opRR Rfive ?ﬁ@a GEhsMwheAdABhClE kb kithh Seadlflut clleqit is
circuit of claim LLOYD WSE 31 wherein each of

sali dasﬁ@dmﬂ'eai WHhQ fegpédtssec@pinSE Sefsdrs Wi hidt actidie Pikéldensor,
SWi t ches;
each of said plurality of column readout circuits comprising;:
a first plurality of charge storage devices selectively connected in

parallel for respectively storing each of said multiple pixel signal values

from said column of sensors,

a second plurality of charge storage devices selectively connected in
parallel for respectively storing each of said multiple reset signal values

from said column of sensors, and

a combining circuit for combining said respectively stored multiple

pixel signal values and reset signal values;

a first bus for receiving pixel signal values stored by a selected one of

said column readout circuits; and

a second bus for receiving said reset signal values stored by a

selected one of said column readout circuits.

20. The circuit of claim 19,



wherein each of said pluralities of charge storage

devi ces conprises a plurality of charge storage

el enents; wherein each of said plurality of first

switches is coupled to a respective one of said LLOYDWISE
plurality of charge storage g§enents; and wherein said
plurality of first switches ca% be sel ectively enabl ed

to sanple a signal froma sensor in said array to be
stored bywagreineneh gésaidrcorhjeing @nmnts copaprisdse plurality of first
circuit of claim 20, wherein each col um readout

ci r ctWHCNSSonprises a plurality of second swtches

whi ch can be selectively enabled to hold one side of

e o BREBLRTER DB Bl B G TGRS comprises
enab%ﬁqa%&%ﬁcg{r&kgezgto\{%euge&%gma sensor. 22. The

circ eréin each colum readout
circuit conprises a switch that can be selectively

enabl ed tQ13hQhleatRBELNAPIARGI of FirstQfwib@fl i@#&ﬁﬁ%&ﬁt&a a

of charge storage el enents. 237 The circuit o

19, fedpbhrbre GBS da5d HIu KDY BN ISk GG ge CRUMMAS and
bet ween each of said colunn readout cifcuits, wherein

said colum switches can be selectively enabled to

coupl e t ogdkehen saal plushbtyef fixisk evitclsésgraal beasededtbdy enabled to
signal val ues present on said colunm of sensors in

sai dsaraplei agigpalkiabmsesgwor i sa¥Rridy3e be stored by said charge

storage element.

21. The circuit of claim 20, wherein each column readout circuit
comprises a plurality of second switches which can be selectively enabled to
hold one side of said charge storage elements at a reference voltage when a
corresponding one of said first switches is enabled to sample a value from a

sensor.

22. The circuit of claim 20, wherein each column readout circuit
comprises a switch that can be selectively enabled to short together one side

of each plurality of charge storage elements.

23.  The circuit of claim 19, further comprising column switches
coupled between each of said column readout circuits, wherein said column
switches can be selectively enabled to couple together said stored pixel
signal and reset signal values present on said column of sensors in said

active pixel sensor.



32 24. A method of reading out values fromactive

pi xel sensors in an array of sensors, conprising:

selecting nultiple rows of sensors whose val ues aneoys wise
be read out on a columm line; storing correl ated

doubl e sanpl ed val ues for a p#ﬂrallty of sensors in

said selected rows on said col'um |ine, wherein said

val ues for each sensor are stored by a respective

pai r of ciar geAdneihageofderdingsoutvaduesadaactivierpingltsensors in an
associate? with a colum in said array in which said
sensyYray 8 ﬁHEﬁT%&Onﬂﬂﬁﬂn&alr of charge storage devices

each conprising a plurallty of charge storage deV|ces

sel ecti vel onnec& q araIIe gégnbln

stored si tesPiedn §gﬁ§?ﬁﬁs 't d“@é?ﬁ@éeadOUton
assqg 33%1W4th said plurality of sensors in said

selec I OWs US|ng an operational anplifier- based

charge sensing circuit that is comon to said readout

circuit. &érmg%rf@z{tgeQio%fbl@éﬁhgl‘ea‘]vamg ﬁ)'r% Sﬁlﬁkﬂl?%f sensors in

of storing correlated double s | ed val u conpri ses

s anpdid gelef@ dsoWd dtfsAdTolitah lM@' Waebdindai B OHIRRE f&”éiach sensor
sanpling and storing a reset val ue of said sensor. .

The aretshedddly & r@spec@be phitrof kRirgemiPrdgeidegicetih i lari@a@out circuit
reference voltage on f | rst sides of a set of

r es pessbciatedowdth aofolanpl v salid tiyragfinohlaichsaidssemsag s located, the
devi ces and subsequently coupling said signal and

r eseppaiv af deargestorage devices each comprising a plurality of charge storage

devices selectively connected in parallel;
combining said stored signal values; and

sensing said stored values associated with said plurality of sensors in
said selected rows using an operational amplifier- based charge sensing

circuit that is common to said readout circuit.

25.  The method of claim 24 wherein said act of storing correlated
double sampled values comprises sampling and storing a signal value of a

sensor and sampling and storing a reset value of said sensor.

26.  The method of claim 25, further comprising setting a reference
voltage on first sides of a set of respective ones of a plurality of charge
storage devices and subsequently coupling said signal and reset values to

second sides of said respective ones of a plurality of charge storage devices.



second sides of said respective ones of a plurality of
charge storage devices. LLOYD WSE 33 27. The nethod
of claim 26 wherein setting a reference voltage LOYD
conpri ses providing said reference voltage to saib WISE
conmon oper ati onal anplifiep;based charge sensing
circuit. 28. The nethod of cl :gi m 27 wherein sensing

sai d stored val ues conprises using a crowbar switch

to force Thar gehemetleed phclgin @6rvehetsin setbing @uieferencevoltage
f eedback .capacitive el enents in said operational _
anpl SOFMRTSeS YN Ipg spibredeiesca yolnge ta gaid zgmmon operational

j. t I.Sing: . [ [ it;
(470G A EAELTATE B8 BT o pr ocessi ng i rcu t
said imaging circuit having a charge-donai n readout
circuit, id ' ' i.sing: a_ plural it
of col umﬁ?eadpgkﬁflq%m%% H ((S:Mgéc QAZ}E@ISC\}H ‘Lc':ér:rgé%%ﬁg sg%r&d values
co nh!oﬁ‘ﬁpfﬁﬂstds%% 2 Qk&‘x@bfusévgﬂ?ﬂ\ tR RSt ERSL e 3k 3Rl in sl d'ES dout
of a plurality pi xel s of an active i xel sensor,

whergidiese EadBHAR cragaet@i% efdrh&tts tin k8idaSsQ6HAh S1%hm lifier-
with a respective col um of sensors in an active plge

sens®ised @B&Fgedensiighirq@litir al i ty of col um readout
circuits conprising: a first plurality of charge
st orage devi ces selectively connected in

29. A processing system, comprising:

a processing circuit;

an imaging circuit coupled to said processing circuit, said imaging
circuit having a charge-domain readout circuit, said readout circuit

comprising:

a plurality of column readout circuits each of which sample and
combine multiple pixel signal and reset signal values of a plurality of pixels
of an active pixel sensor, wherein each column readout circuit is associated
with a respective column of sensors in an active pixel sensor, each of said

plurality of column readout circuits comprising:

a first plurality of charge storage devices selectively connected in
parallel for respectively storing each of said multiple pixel signal values

from said column of sensors,



paral l el for respectively storing each of said

mul tiple pixel signal values fromsaid colum of

sensors, LLOYD WSE 34 a second plurality of Char&?ﬂDVWSE
storage devices selectively connected in parallel
respectively storing each OfQ§§id mul tiple reset

signal values fromsaid col of sensors, and a
conmbining circuit for conbining said respectlvely

stored m# $4cpnd plpraligy oficharge sratageslexmtssekeetivelygoanected in
values; a first bus for receiving pixel signal val ues

st orRaFall§! fr sesnestivelyciering ea@apgsaeé Iyt ple sesetisignal values
circ |ts nd a second bus for receiving said pixe

res ﬁM@Fob%V%Q sesFedfy a sel ected one of said

col um readout circuits. 30. The processing systen1of

claim 29 ej.n each f sa conbi circ

conpri ses’ a D urJPa rcmt%? C?mgmlrv‘\ﬁtsc §gp 3’@%’ Btforg%wlhple
PIur@lbidiesaiafal ﬁg@é&?rés‘e%ggﬁ UL eS conpri ses a

plur |ty ? z%arge storag enen each of said

pluralities of first swtches is coupl ed to a

respect i VEfif®usTbr &%Lapblﬂg 'fbb@e'l Isig\ﬁapfva&fé@rsaﬁea #88ected one of
el enents, wherein said plurality of first switches can

be s@ideoiineh Yelvahlc@duits, arglanpl € a signal froma
sensor in said array to be stored by said charge
a second bus for receiving said pixel reset signal values stored by a

selected one of said column readout circuits.
30.  The processing system of claim 29, wherein
each of said combining circuits comprises a pluralify of first switches,

each of said pluralities of charge storage devices comprises a

plurality of charge storage elements,

each of said pluralities of first switches is coupled to a respective one

of said plurality of charge storage elements,

wherein said plurality of first switches can be selectively enabled to
sample a signal from a sensor in said array to be stored by said charge

storage element.

31.  The processing system of claim 30, wherein each column
readout circuit further comprises a plurality of second switches which can

be selectively enabled to hold one side of said charge storage elements at a



storage elenment. 31. The processing system of claim

30, wherein each colum readout circuit further

conprises a plurality of second switches which can beéLOYD WISE
selectively enabled to hold one side of said charge

storage elenents at a LLOYD WSE 35 reference voltage

when a correspondi ng one of idfirst switches is

enabled to sanple a value froma sensor. 32. The

pr ocebyenge sylagmwbenel corraspendinigerrd of wad hirstoiviitehes is enabled
readout circuit c? nprises a switch which selectively

can BSaBHABRSRIES [TORyABSENIBget her one side of each

plurality of charge storage elenments. 33. The

proceSS| em of cl.aim 32 %Prthe ri.sin

col um_ St eh eBB‘EFﬁFSéHf%BX?R‘RBb Qe 351 WEErai gefhy fpfumn
read ?808 l%ﬂlE g?mﬁfi?ffs sw1 CRI dhl%f“)ll fmtl Iytd:%pl % Ca%ledeto short

sel e¢ |Ve ena 5 Coup e ‘Togeth
P g R 3"?2%%%%% HERes: "
33. The processing system of claim 32, further comprising column
switches coupled between each of said column readout circuits, wherein
said column switches can be selectively enabled to couple together said

stored pixel signal values and reset signal values present on said column of

sensors in said active pixel sensor.



