Pl XEL SI GNAL BI NNI NG AND | NTERPOLATI ON | N COLUWN
CIRCU TS OF A SENSOR CI RCU T FI ELDOF THE | NVENTI ON
wQ 0@30F09The present invention rel ates general | pCT/WS2004/037729
i mage sensors, and, in particular, to charge-domain
anal og readout circuits for such sensors. BACKGROUND
OF THE | NVENTI ON [ 0002] I nage sensors find
applications in a wide variety of fields, including

[
BEXEH STGRAL N IERE AR I EIEATION K €01 N crrcurTs
many snmart i mage sen§df A SENSOR GERCUHAI e to integrate
onchip circuitry to control the inmage sensor and to

perform si gnal and FIERFeOF THEIN VIENTTONe out put

i mage. Unfortunately, charge-coupled devices (CCD),

whi ch have been one of the dom nant technol ogi es used

i ma I . N0 i V. t .
() "R O S R ABEA L P HRETE SRS i
integrated with CMOS circuits. Mreover, a CCD is read
padiciigr, $e ghargetddingirt araleg eeadony ciroeits fgraichceas@s.

t hrough the sem conductor, and the readout rate is
limted by the need for nearly perfect charge

transfer. [000 i I %€ whi ch

have one or mﬁi&éz@@@@n@@f@ﬁ@{ﬁ(‘%ﬁﬁ e pixel

unit cell, can be nade conpatible with CMOS '

t echnol ogi es and promni se_ hi gher readout rates conpared
[@@92pas sImagpsersbrsind applicattansiin vidd vanetyraf felds, including

often arranged as arrays of elenents, which can be
ldefithPUsior] @6botics, 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



exanple, a colum at a tine. Each colum can be read

out at one tine, driven and buffered for sensing by a
wWo e@dosmo7Ti rcuit. [0004] FIG 1 shows an exenpber/ySIoNDe7729

active pixel sensor integrated circuit chip that

i ncludes an array of active pixel sensors 30 and a

controller 32 that provides timng and control signals

to enable t he readi ng out of signals stored in the

pi xel s. enpl ary arrays have di nensi of N by M

SPTSQEP greaﬂ@en aﬁfaggﬁé .aa|arra6'ﬁ of elemens, Whic eﬁaPaR? rggd\quit; for

depend on the particular inplenmentation. The imager is
kGAPIE W citufn@Va 3 tifhel E 511t @rCed A AR Aldrltime, driven and

readout architecture. e controller 32 selects a

particul ar row of pi xels in the array 30 by

budfieredfdr segsinigdyopeeaddusisirgtiityver t i cal addr essi ng

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 columms can be

[06Hd ouFIGehsleows ahleyxemnpilary GV actra pikebsfases Bitegrated circuit

circuit 44. Typically, each pier provides a reset

[

g%%ﬁﬁtt ﬂﬁélgggé ﬁ&l ?filea&gﬂ%cﬁvé gn fse rgsg)?% (?gﬂh ancg)ntra)ller 32 that

Vout 2whi ch are provi ded at the output of the r eadout
provities tindidg JridDEE] trdlsigaiswto énmbii¢ the Baditgoat ofsigBdls stored in

includes nmultiple colums 49 of CMOS active pixel

BERDEIS BrmeRonanayh fawe timespns of B b M eBelt i dh general,

in a particular colum can be read outto a readout

thé iz of th2aBa§ G0 vatliedepinidiod Htpaeiculan implgnahtitionorfe imager
in the readout circuits 52 can be sent tO an out put

stage 54, which js common to the eﬂtf arraly
is read out a row at a time using a column paralle readouta chitecture. The

controller 32 selects a particular row of pixels in the array 30 by controlling the
operation of vertical addressing circuit 34 and row drivers 40. Charge signals
stored in me 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
circuit 44. Typically, each pixel provides a reset output signal Voun and a signal
representing accumulated charge during an integration period Vouwz which are

provided at the output of the readout circuit 42.

[0005]  Asshown 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
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of pixels 30. The anal og out put signals can then be
sent, for exanple, to a differential anal og-to-digital
waoeoseser ( ADC). [0006] Excessive noi se and sbPOwubzoa#mas7729
rates are introduced during the read process of the
di fferential charge node readout fromthe colums of
the CMOS i mage sensor. To conpensate for this, current
readout circuitry uses subsanpling (under a
sub-resol ution _node). to increase.the fJ.a rate...In.
tcma§eadqrﬁgzlmglta5&pﬁse<aﬁteén‘g}tﬁéﬁ%ﬁ calpmng &’egﬁﬁg sregiin fihe readout
each pul se of the pixel clock (except during
RARKERGin beYBSERI RefagaSaSwhici® corifi®nlty the entire array
capturing pixels at a rate Slower than the base pixe
clock frequency. For exanple, one pjxel can be
of pirels 3 Tglm aralegputpit sighals san therhbe pentefor@xgarpledo a
provi de an effective sanpling rate that is the base
i . e V. subsanpling allows a
dﬂ?%ﬁéPgiﬁﬁgﬂéﬁggﬁ ?@épngFggﬁaﬁgt' to cl ock
| ower - frequency sanplihng. [0007] During subsanpling,
however, pixels are read out sequentially, but not
(G018} | 9URNESKiveldbiQl A AL AimeIAMER b 1ik-518E&y likRBAfle read
0 obtain a lower tesolution 1 n exchange tor a _
potentially higher frane rate. Wat is needed is an
proesge of drsdiffentretial chhrege madeweaddutdudmrthe ivabirhnpg obthedCMOS
sub-resol ution characteristics with reduced

.al i asi ng. BRI EF SU Y, O THE | NVENTI .0008] | n ,
G PO BOBPREHIE oo TS {HURHTE O GUHGY s subsampling
i maging circuit, system and rel ated nmethods for
(LGS PATREdSOUL 19 RRId ) itd i diasethe fiaes £a60IM most imaging
applications, a pixel 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 %2

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 sqb-resoluﬁon

characteristics with reduced aliasing.



circuitry. Binning is defined as accumul ati ng or
interpolating the charge of nultiple pixels and

WO e@diopy7t hem out in a single operation. By  PCT/US2004/037729
i ncorporating binning into the readout circuitry,
vari ous sub-resol ution processes can be inplenented to
mnimze aliasing effects. Additionally, by using
anal og processing for the binning, signal bandw dth

may be reduce | S 1 1 power
requi rements o Rﬁﬁ‘%@%ﬂ%@%&’%mﬁgﬂ t to
using anal og binning is that the signal-to-noise ratio
SNR) advant ages achi eved from bi nning are nore
[q(ﬂﬂﬁh ourlaegenienial; ermbadinenyts @6 e inventiangieyide an imaging circuit,
digital domain. BRI EF DESCRI PTI ON OF THE DRAW NGS

sYiand AR AR Tor B SR B P AT TR st Fgout

detail ed description of the invention which is
cipeuditriyd Ednnimgde diefined an anturhulatiegarrdotyrpolating the aivargrsof
in which: [0010] FIG 1 is a block diagram of an

R e g et o o g She s e Ry oY Fagporating
array of active pixel sensors and a readout circuit;

bin@Zint& ke réhdout it ceXBRhAbUs SR EHITROR Pré@dsd can be
circuit; [0013] FIG 4 shows vertical binning by

.inplementing . a split-capacjtor configuration in
ingplegreRiert &0 TR AUREABIegSe AR RBALY 01y 1R analog

i nvention;
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;



[0014] FIG 5 illustrates a horizontal averaging

schenme anong columm |ines in accordance with anot her
wez@spb@ry enbodi nent of the invention; [0015]PE/GS2084/037729

illustrates a V capacitance |line averaging circuit

according to anot her exenplary enbodi nent of the

invention; [0016] FIG 7 shows an exenplary col or

averagi ng operation for the circuit of FIG 6; [0017]

(0515 o7 T2 A AR BF a0l ERY Gt R fefve pixel sensors

accordance with an exenpl ary enbodi nent of the

andyesddart cifco@l8] FIG 9 illustrates an exenpl ary
col or averagi ng process for a second square of a pixel

matri x in accordance with an exenpl ary enbodi nent of
the invention;[0019] FIG 10 illustrates an exenplary

[oovtlor RICY. 3dé BE eREDPEES ch@fdget hotld resdod tadiFdul; squar es
of a pixel matrix in accordance with an exenpl ary
enbodi nent of the invention; [0020] FIG 11 shows a
bi nned pixel matrix after the averagi ng process of
[0B13}. FIM4 shoO2erfitdbbiddng bydimsisamltiagya split-capacitor
configuration according to the invention that realizes
a. VGA Bayer pattern, where pixels are eraged from .
cqnfiggigati é?Fg“ AW |aarﬁﬁ<§§{rﬁ%2§r{>m@wqt3§f tﬂe Invention;
illustrates a 2/ 3 resolution binning scheme accordi ng
to the

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

invention;



present invention / where two rows fromthree colums
of a pixel matrix are averaged; [0023] FIG 14

WO kéodssmat es a bi nning schenme accordi ng to theP@I/@SEN4/037729
i nvention, where every third columm is skipped in
order to average out two colums and two rows; [0024]
FIG 15A illustrates an exenplary horizontal binning
scheme that realizes a 1024x768 RGB resol ution in

(905 94RO BRI, gk SO it ana

bi nning schene that realizes a 1280x1024 RGB
fowatlobgunares of a pixelanataixda astddlanet watioahexeraptargiemsidiment of
of the invention; [0026] FIG 15C illustrates an
exerrgl ﬁr _horizontal binning schene that realizes a
%" VGA Bayer resolution in accordance with yet
anot her enbodi nent of the invention; [0027] FIG 16
illustrates a My-Cy-Ye-G filter array from which coI or

rat.j val ues £ cal cul.at ed. accordance wt
(GBPT ok Kot 13085 T ERreq poi o pAlict e oy BrRsane prgess of
17 illustrates a bl ock diagram of an inmagi ng appar at us
FiGs.8cpr dance wi th yet anot her enbodi nent of the

invention; and [0029] FIG 18 illustrates a processing
systemthat uses a binning circuit

[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;



constructed in accordance wth any of the enbodi nents
of the invention. DETAI LEDDESCRI PTI ONOF THE | NVENTI ON
wQ 0@30509Ft G 3. illustrates a differential charperdsrmmi/ms7729
readout circuit 150 for an inmage sensor, wherein a
col um readout circuit 100 receives a signal froma
pi xel along a columm |ine 101. Exanples of such
circuitry may be found in comonl yassi gned U. S. patent

10PR oniEh o35 Hft=iCY an ERRRRSY Fobf2o R ERBRE R ot

a load transistor 102 that receives a signal (VLN at

rehlifes0a1280xA024 REB eswolutiort ireacotdarideewith Nes agoidler embodiment
activates the load transistor 102 such that it
royides.,a load on the colum |ine 101. The col um
of thg & YRIMIQTY f urt her coupl ed to two sanpl e- and- hol d
circuits for storing a pixel signal |level when a first
sanpl e-and-hold signal (SHS) is applied and a reset

| evel sgcond sampl e- and- hol d si | (SHR) i
(0BERI T ed b 1 BralTy SiRtes A B R Ry T50 o R B heg fhat
reset and pixel signal levels allows correl ated doubl e

rea B 4 fY3(sklP) VOA Beydaebsliutpe. in\Websriated wi

noi se associated with the connected pixel as well as

noi se associated wth the source-follower circuitry in
embedisneati ofha dwrentjodp31] The first sanpl e- and- hol d

circuit includes a switch 103, which may be

i mpl emented as a transistor, and a capacitor 106. The

first sanpl e-and-hold_signal SHS is applied to the
(0937} ch 65 16 dhesrateor Mgrbynke-G ReLartar fropmayhich foler

conductive or non-conductive state. The second

sepARisH Patel Ak Sedibdiaidlin¥c8Grdance 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 illustrates 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-



includes a switch 104, which also may be i npl enent ed
as a transistor, and a capacitor 107. The second

wa asplososand- hol d signal SHR is applied to the B@i/US1004/037729
104 to control the state of the switch 104. Capacitors
106, 107 canbe held at a reference voltage (VCL) by
cl osing swtches 109, and 108, respectively. The
signal 8clanmpS controls the state of switch 109, and
the signal clanpR controls the state of switch 108.
a[sem]i%-ﬁ- patent nent, 282 1T whigh isingaereigted by refgrence in its
the col umm readout circuit 100 includes a crowbar
b orgh. THIG AR BB 106 il SRR IR Bfeior 102 that receives
controll ed by an external crowbar control signal (CB).
dsignalf (VL) atritsngabe. $ai is khov@Gindhe anklthe VédNisignal adiivates the
pattern noi se (FPN) caused by col um-to-col um

e sy HScPubari B0 s B0 pR e RERHA Hped gt e
the capacitors 106, 107 canbe transmtted to the

kRt lirsd BWeis Ydftheh eowsiad e sweshmide-aalduisl dsttcedts for storing a
switches 110, 111, which nay be inplenented as

toransi stqrs., The cql um sel ectjo i.gnal | Sel)..
Bixgl SgerllvelEnen g Bem e pn AR Ay i Sblied and a reset

t hose switches 110, 111 are conductive or

B8 wRELHGEENE] sAMpRe-ANEher SiBRABEIER) isQppet (e thd 2éhdout

(or 111) is turned on, the samnpling capacitor 106 (or
107) is coupled directly to a bus 117 (or 118)

dumiiiethle Bamepling both Btresatagd pizel sighaldpwels gllpws correlated
appreci ated that both switches 110, 111 nay

double sampling (CDS) 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 isin 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



be closed at the sanme tinme if desired. It should also

be understood that any other suitable storage device
woyososssubsti tuted for the capacitors 106, 10FCT/USDB4)37729

As mentioned previously, the output stage 120 of the

charge-domai n readout circuit 150 is common to the

entire array 30 of pixels. Thus, although 9only a

single circuit 150 is illustrated in FIG 3 multiple

col umm readout circuits are coupled to the output

dlamage copfyolstthe state pfiswitichdd91ame thesigrlclampl qosyteals the state of

integrator, which further includes a differenti al

s%ﬂ teddgonal anplifier 112, two feedback capacitors

13, 114, respectively coupl ed between the out put

Vouti, and the negative and positive termnals of the

operational anplifier 112. Reset switches 115, 116 are

[06FACC! Iy Bt Rl @ ARTMBAAILAAIQH RS, HBolumANad it circuit

negative and positive termnals of the operational

anplifier 112. Each integrator output stage 120 can be

98lindudesh yrowbat switch 10hiwhichalsomaydedniplementaskas a

switch 115, 116 using a signal Rst_anp. The ,

tal ] ifier [ QVi t sl gnal

l?ﬁgﬁstlsl%f ¢ HE stg{rgé&{t%\g%r?t%é%g &naﬁ%llé%)?tslgg ?%éo%%&yed I§y IR ¥xEernal

anal og-to-digital converter (not shown in FIG 3).

dro@Bat céritfdl signdll(TB).r Blse of dre evbddir 3eritchaf05tdaa help reduce fixed

i nvention, wherein vertical binning is inplenented in

t he reado&{,P@i)rcuit 100 Iof FIL G I’s The .cagacitors 106, -

PRSFPrRNOEFE TS Srdsedhy folump-toseqltmp VAriAHARs dug 4o the cdlumn

exenpl ary enbodi nent of FIG 4. The capacitive val ue

polaliclpesd i chrkflie (Ucriic aslgpoed by mul Liple
snmal l er

[0033] Signals stored by the capacitors 106, 107 can be transmitted to the
output stage 120 through respective column select switches 110, 111, which may
l;e 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 tinie if desired. It should also be understood that any other

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

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

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



capacitive el enents 209-216, which each nake up a
fraction (e.g., A of the original capacitance. Each

W@ apaosor 209-216 is coupled to a respective B@i/US1004/037729
201- 208, where each switch 201-208 is controllable to
obtain different resolutions for an array 30 (FIG 2)
under a predeterm ned sanpling sequence. For exanpl e,
if all the switches 201-208 are closed during
operatiaon, .the pagjtors 209-216 would 10essentially =
WK ARIngle %Wyltc@@a\%ﬁit@rramdz 0 FIG. 3 mulgigly qﬁum r,eaaﬁe&/ circuits
the effective capacitance woul d be the sane as that

. e

R e o P A Ay elk srtched
configuration (i.e., each capacitor being split into 4
intqgasiarj whid farther éncludasya differentief operptionalamplifiet $12, two
(2, 3, 4, 6 etc.) maybe used. As another exanple, if

Bl psBiofsoT 4 SRl By RoRPRR notlReh TR B pe, Vero

As an exanple, the enbodinent of FIG 4 may be used
anid themmgatiive and ssitbar tesmireaie of ecomerbtionalensplifieml/l 2 eReset
configured to support full resolution, A resolution

A resojytion in t.he vertic direction, Far t

es 18711 48 Regpechiv ety Sigpléihberrestiihe SBimh Ve Ve and the
the horizontal resolution is defined outside the chinp.
ndgdeive Andgsedititid RBmindlS of N Gperb86RAMAAPAAGM B. fRdchlintegrator
row of the array is sanpled and stored on two of the
capacitors .ée. g,, capacitors 209-210 and_ 213-214) by )
QHRBE Frage LRB cra bp selertively ipses Ry dupring on thgiassomated reset switch
201-202 and 205-206) associated with those capacitors.
195908 Ssihg @&ighed Rt OFhg. TRE PRrdtRMaRamptiER 189 provides two
output signals Voun, Voue that are then transmitted to the analog-to-digital

converter (not shown in FIG. 3).

[0035] FIG. 4 illustrates an embodiment of ﬂ1e 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 3Q (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



and stored on the two other capacitors (e.qg.,
capacitors 211-212 and 215-216) by enabling their

WO e@pes7ve sw tches (e.g., switches 203-204 apdr/US2004/037729
207-208). After sanpling 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
epgentraly hehavemsrate capaciipn @le., fdld sesoletion) and yhe effectivey
the circuit. 11[0037] Under a A resolution operation,

St S0 B A Bl 8l BOHERAS)hpO Uertond

209-212, 213- 216. After the four rows are stored, the

that, twhilatlesernbod inerddn &Gt 4 shoR6 A-f3kb-capariheohfigutation (ie.,
out put an averaged signal anong the four rows for the

articul.ar columm,. [0038] Bayer patterns are typically
Ebirepecifiniring SB 10 F capeativR elf RNDy 2uk eppRericl capdcitor
used. Bayer color filter arrays are known in the art

s%ﬂﬂs &, 8, 456 dtd PmaiyBetidelly A2cabther éé&h@%le,i TRABPhalf BE the switches
ayer pattern of Color filters are such that “half the

total nunber of pixels are green, while a quarter of
amg&loserathe regden @r@lbwguﬂ@gse iy d/Zaregahitiosy cosyditiere-
remai ni ng pi xels are blue. [0039] Under a V resol ution
operation for a 4-row pixel, a color signal froma
first rowis read out and sanpled on the first two

[083fci t drsarpexamply, thegmbodunertiFIGadpnay be eed with |

pi xel signals on capacitors 209-210, reset signals on
monochrome sensor schemes where the sensor may be configured to support full

resolution, % resolution and %4 resolution in the vertical direction. For the sake 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 capacitors (e.g., capacitors 209-210 and
213-214) by enabling the réspective switches (e.g., switches 201-202 and 205—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 averagéd signal of the first and second rows is
outputted. It should be rioted that the gain of the circuit of FIG. 4 remains stable

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



capacitors 213-214). Next, the signal on the third row

is sanpled to the other two capacitors 211-212,
wQrwspi®0f the sanple |lines. The four capacit oPET/US2004/037729

209-212, 213- 216 from each sanple line are then

shorted together; the averaged sumfor rows 1 and 3

are read out (via switches 110, 111). The sane process

is repeated with rows 2 and 4, where the row signals

&&% aver aged alnd read out as, described above. 12] 0040]
(8831 A r Liwlen @ ‘Gresalation opprasicas signgfs teseiyed draypahe firg four
simlar to the V resolution descri bed above, where

Y £ _ e ]

R beohug RS ToraRidy shirPlat LPA R e EERRREE A 212, 215
subsequently, rows 2 , , and 8 are stored on a

2l esPpéter ithe foupmrs are shgedptie left pdates of the/eaprgitdrs9-216 are
read out. [0041] Turning to FIG 5, another enbodi nment

S OO g PR 5 S

sanpl e and hold reset signal node coupled to a
coleingthbor i ng circuit 501 via respective switches 502,
503. Binning circuit 501 al so connects to a

nei ghboring binning circuit (not shown) through

swi tches 504, 505. Additional binning circuits can be

[(38kd aBayepatterds asntyphidadlycuseditbacqBlrdlcolrdnBigd@vhen color
carry a "horizontally" averaged signal (i.e., average

si gnal  bet n the caolum circuifs). [.0042] Wep usin
SEHRRE b W T CBlorueT e kb 18 e ot g afeaged o
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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signals fromthe binning circuits 500, 501 are added
t oget her between the odd and even nei ghbori ng col ums

w@ deosos®sed in greater detail bel ow i n connectPOTYUS200#037729
FI Gs. 15A-C). For color sensors, the colums are read
out in accordance with the Bayer pattern (discussed
above). The range of averagi ng and the nunber of
shorted col unms can be adjusted dependi ng on the

[ uti l.ed. It should 13al sq be understood
IDEER ! a8 ZERILBE sedadl tioCera r Solen SigmRla s stsmbar o the
equal |y applicable to other types of imaging devices

résolgtion cleacriised bl veleate ¢6%s ACEDS hhd 1 943kt Hofed 8n a

illustrates anot her enbodi nent of the invention,

vvherEi n the.re%égut circuit 650 is simlar to that
THIRSCHYS EBPIROE 8724 2, E13-2Hy averaged e readauitt subsequently, rows
604- 605, 606-6070f a sanple |line nmakes up one-half

2( 4/ & hndfs Ao § rbd iy ' i posed Lo
tﬁa@one- quart er shoﬁnré%ﬁr%%tl% %@%c?t%&%@%&?%p% aggrpged and
607 is coupled to a respective switch 600-603. Each of

reqteouiri t ches 600- 603 are controllable to obtain
different (i.e., less-than-full and full) resolutions
for the circuit 650 when opened and cl osed. [0044] The

eaﬁout circuit 650 of FIG 6 maybe operated.to sum
[‘{Oé& t heFugHag de§lef 5 tanothermmbodietentaif dhe invezaioh is illustrated,

colum. The result fromthis kind of operation
W ; j ol ution. ;skip npde" used in
BB St By S00Hat €38 % hRIB Perebtarmple and
Megapi xel CCD. An exenplary operation of the FIG 6
heldrregetsigysd ricslestomyprled to EhGighboringeiRuitBOI AW respective switches

sel ection
502, 503. Binning circuit 501 also connects to a neighboring binning circuit (hot

shown) through switches 504, 505. Additional binning circuits can be added as
required, and the outputs (BIN1 and BIN2) carry a “horizontally” averaged signal

(i.e, 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

13



algorithmin the readout circuit is configured to read
out red colors (R) fromrows 1 and 3 (700) and store
WO b@siosry7capaci t ors 604- 605. The reset signal sSPET/OR2004/037729
rows 1 and 3 are al so 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
rocess of FIL.G 7 continues

a\tkih I ﬁe Ppge Bﬁféém%%? Il?%u% hd mgthods desgribed fieseia argequally

green colors (&) are read out (700) and stored on

abletbothOy PR of A ey 5983/, $hefed |
fomrows 1 and 3 are g?s reacysgug’?ngtge;ﬁgl %%%L%CCDS»'
stored on capacitors 606, 607. The left plates of the
capacitors 604-607 are then shorted to out put an

[6047] age $IS] @IRlstdlted HeotEr é&%eaﬁn 'tﬁéEnB‘f’é}ﬂl herein the

th|rd r OW. Next t he green

%(g(mrows and 10 are read out é :i) in aS|mIar
e tircuit 9 is simailartoshat discusse 6. 4,eadeptthansach capacitor
shown in FIG 6, and so on. [0046] For emrul ation of a

6418 '6@9 @%@gh&f%%a B lineTAlke ngé%%}?@%f @gﬁ@% E@SH}@% line

14 7 and 21, etc. are surrmed in a manner |dent| cal to
capaditaiee (as dqqmbsaddo ¢he dneqeakier shoWwnindienm). aEath capac1tor 604-
bi nning scheme, the circuit discussed in FIGs. 6-7 may

ere the.row se 0 mis adjusted
of i SRR EesrhEr vERNICh Shol. Tolih inaediortes off-otd are
di scl ose anot her sub-resol ution schene for a 3 Mg
certrelable to obtain different (i.e., less-than-full and full) resolutions for 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
1 and 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



The maxi mum (full) resolution for a 3 Meg sensor is
approxi mately 2048x1536. Exenpl ary sub-resolutions for

W0 b@s850vy sensor are 1280x1024 (2/3 resol uti oPQT/US2004/037729
1024x768 (1/2 resolution), and 640x480 (1/4
resolution). In order to accurately read out the
sub-resol ution pixel signals, it is necessary to
average out the pixel signals. 15[0048] FIG 8 shows

xe r ixel Lix 81 ere the ¢ rs of
(P P oot o G, 7 B o e een e fO e 18vws 1 ana
where rows that are being read out are shown as
3, Wheme tad greehi coors (Go) aretraad djit (700P aRd yesred Bt @fpacitors 604-605.
consists of first (G) and second (&) green pixels, a
G and R col or

ed (R .pixel .. .and a, blu B) pixel.
TR tered signals AL R Gr Pixgls irorors] and daze poufsadasit (not shown)
color pixels alternate in even rows 2, 4, , etc. Under

addMSrediasttleafacoReots, 607.t TRe RIEPTIE ¥f BRRAFLARNS 60k
2/ 3of the f@ﬁISI resol ution),eromgﬁl nd 3 are reagb%(gtoyare
froma first 3x3 square 820 of matrix 810, and stored

then ghordedibueutnutam averagadhsignalnfdhe Ssrcrolorsddffhystand the third
FIG 4. During the first pass (800), the switches in

sWe N W&l It I t i he
rhhe BRIl (ot BTG Rl s 395 o
?Hasl',l)'+ G(1,3) +&G(3,1) + G(3,3), where the
(7dy ima stnilar Bishites itheratasss 1hend16¢R0)iare redchonbae shown in FIG.
colum 3, G (3,1) designates the green pixel in row 3,
60%&%0}1' and so on. After the first green pixels from
T ows ahd 3 are averaged out, the averagi ng process
noves to the red pixels (801), wherein the summation
of R(lI,2) +R (3,2)is executed.
[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. 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 approxirr‘lately 2048x1536.
Exemplary sub-resolutions for the 3 Meg sensor are 1280x1024 (2/3 resolution),
1024x768 (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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[0049] After the first pixel square 820is read out,

the process continues to the second pi xel square 821,
wob@seswhe G pixels are read out (802) and avBPCEYSZNO4/037729

according to & (l,5) + G(3,5), and red pixels are

read out (803) and averaged according to R(Il,4) +

R(I,6) + R(3,4)+ R(3,6).As canbe appreci ated by those

skilled in the art, the fifth colum (802)is read out

BB o d7oe8 hWa Rt fxe REeL AL B b hets i golors o the

821 are read out and averaged, the process nobves on to

hBe e8P d?8sSzed inl ABAyatRitd, dldswhre tRISHatlale Eéﬁﬁ read

9, the second row is processed with the blue pixels i

the first pixel square 820 being read out and averaged
Qs shewsrasitHymigagdAipy net ﬂ(azigesl TheBayer pattemcenrgists of first
green pixel (Gb) is read out (901), but is not

(E$HAY 86eorsi éﬂeeh ﬁtéw aABHYRP 13&41 4 ledé“@ gﬁxél%r and R

for t he squa e process ontlnues to

second square 821, where the blue pixel is read out

b pixels altenmate dn eddgeys badb, ete Band kb ngeEng@ﬂyﬁtemate in
(G) are read out and averaged (902) according to

o245 G et TP RA LR SRR R piens

alternately read out and added to the first green
(pe.x2Bf the full resultitien), rows 1pass adetread oug frin weirwed B ¥quare
of |/5th. [0051] Turning to FIG 10, the averaging

e e he th 822 and fourth

B S RS EINERRT steod M auriadevptiirondt poehh on o deseaibeg above for

under a first pass
FIG. 4. During the first pass (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) +
Gx(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(L4) + R(L,6) + R(34) + 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



(810A), followed by the 4th and 6th rowin a second
pass (810B). In the first pass, starting with the
wo beosas®quar e 822, the first green pixels (G)prEDUSI00€037729
fifth row are read out, and are averaged (1000)
according to & (5,1) + G(5,3), followed by the
readi ng out of the red pixel (1001) R(5,2)in square
822. Turning to the fourth square 823, the one first

bXA: in the fi r oW 5,5).1s read t

B15555 RO i LS e thl Bab PR A Esuies 8l and 21
pi xel s, which are read out and averaged (1003)
are readi DuYand aReLagélHHa(protess hOPELIn (P Hd S¥dbNd pabd) Hlustrated in
4th and 6th rows are read out in the second pass.
lﬁfabti ng in square 822, the blue pixels are read out

Tl “aver aged (1004) according to B(4,1) + B(4,3)+
B(6,1)+ B(6,3). Next, the second green pixels (CGb) are
read out and averaged (1005) according to Gb(4,2)+

, 2) i to square 823, the blue pixels are i
[@é{ﬁ out™ %ﬁ@é- @3@? 55@3“’? QY% &) PEacessed mbthttge blug pixels in the first
B(6,5), and the Gb green pixels are read out and

G| ' !
oo o ool [o0sa) He e (A B p o)

i Xel s 'that we

i.e ., read out and averaged) according to FIGs. 8-10
l\i%vfél,e sgrnd greesy pixekh)is mad out1(98%), bhbisenbtpivesdged, Simce it is
can be seen, 2/3 of the resolution (4x4 matrix froma

£ : ' Heal i . Jo,.
tﬁﬁ? gs r lgb%(%oel&'t' lé{a?%rlj-é??/ er"tplgé{p?{é%ngzéhg\%% I% xﬁ%%sdonﬁt}les to the
colum 5 should be read before colum 4, and row 5

seernd sjusee Bhavhertedhe bliwmpikel is read out (902), but not averaged, and
the second green pixels (Gb) are read out and averéged (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. Turn:iﬁg 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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[ 0054] Under a VGA Bayer node, each 6x6 pixel square

shoul d output two green pixels, one red, and one bl ue
w@R00slos09AN exenpl ary scheme that realizes a VQAACBagBN4/037729

pattern is illustrated in FIG 12, where pixels are

averaged fromthree rows and three col ums. Using any

of the circuitry discussed above in connection with

FIGs. 3-7, pixels to be averaged are designated as a

RO ey R spiing SforR xo PREIT A BFE s il averaged
colums 1, 3, 5 and 2, 4 6 are averaged. Next, rows 2,

(4008) Geeorelimg &bREM) BREF,6)ged and read out in a similar
way. Under this binning schenme, no pixel data is

ski pped. [0055] Another binning schene is illustrated
in FIG 13, which averages two rows (e.g., rows 2 and
[6052)v er Gomtieming thedth ahd 6sh eblaard fAd26 @ iAftht BEcINPSAss.
data (1/3 of the pixels are skipped). Alternately,

14 illus es si.mlar binning scheme where
Sg%f lpﬁﬂparec%#i hﬁe 'P@leg?e%ﬁlﬁéae F%?Cﬁ?‘é!fé}nde averaged §t00d)according
two columms and two rows, thus preserving 4/9 of the

tpB&1) HBIE3)-EBG, Df+ BES)PINGILSHa" ' i
be(«gp)parfantxt o&tﬁose@?k)i Iled i %st%ch?ﬁ% f&?*{%lggégsi@%?g#éjread out
be made for other

bi.nni ng an ver agi hg schenes na
apgl %Fgaf:’(e%. @0@@0@41%@3 to &hikg) + dh(@?—)-umaing to aqiaey823, the
of resolutions, such as 2048x1536, 1600x1200,

bSR3 %e rd QAP SR a@él%§ﬁ%1 X?&@ aE&O%ms%Engnéss)ﬁh%@ﬁ)’ and the

ill'ustrate various horiz nni ng
al so may be used in accordance with the present

Gbrgrean pirels pler tepd Wiud aingl anier&gech@ 08T)Giccbrdini aoiGis@E4) + Gb(4,6) +
Specifically, FIGs. 15A-C each disclose the first

GBI/af + eV 8!

[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



storage circuits 1500 froma col utm storage system
The columm storage circuits are substantially simlar
WO 00051080931 or age circuits 500, 501 shown in Fl GcBUsttaehzr729
of the eight columm storage circuits 1500 have
I nterconnecting colum sw tches 1501-1507 that
activate a binning operation between colums as
di scussed above in connection with FIG 5. 19[0057] To

. oo e b h Cah
e EhTCh AP (P Fill 0y AT  are enafed andogolumns 1,
for the eight colums is 2048x1536. In FIG 15A a 1/2

3r Band @ domambadhgadit Nest, 36aW2, 4 bAA4XTR5
the switches 15013@1504 are activat ed toﬂgrg?\ﬂ/gg@ﬁrg‘édandread

bi nni n etween_columps 1 and 3, and 4, and 7 and 6
: : ; bP pike tsedky
OBhH‘ %Sg’i‘ﬁarFWéY igﬁiea isdinningscheme; oo pixelstataise
true color, or VGA Bayer 5/9 skip) resolutionis
illustrated, where switches 1501, 1505 and 1506 are

 vated t.o pr.ovi de bi nning between colums 1 and 3,
[(@ﬁéj 6 aﬁ Ogheéﬁﬂ“@“'@rﬁ? e@ﬁd@\ﬁ}qﬁﬁtﬁ@m YIGA3GwhigiCaverages two
illustrates a VGA Bayer-type response, using a "1/3

S (g , ' : d;
T e A R 2508 A

%ng&%t,he colums 2, and 6, and so on. [0058]
(Ifg.phthe pigelswne sisipped). Abemately, FEG! 14illustracs asintieWinning

pi xel values is depicted in connection with an

= ' ..Lhe _col.or, separation
scﬁ%ﬁ?g%x&ég&ﬁré%ﬁé@éﬂ}g glgl ed,in PPQQWQ g@utbi;wo columns
C3-CA=(Cy+My)- Ye-G. In order to achieve this, the

argl ep rewsethusipyesdrvireg 4/0af ¢hie pixel datc@EpRes ter pixels are skipped).
It should be apparent to those skilled in the art 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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ordinarily used to store pixel signals and the pixel

signal is stored on the capacitor ordinarily used to
watasesmeset signals. [0059] For exanpl e, w thPCT/US2004/037729

reference to FIG 6, in order to cal cul ate col or

separation val ues, pixel signals are stored on
capacitors 606, 607 and reset signals are stored on
capacitors 604, 605. As a result, the values are

R LTI N —

Inning clircults a
al so provide i nproved signal-to-noise ratio (SNR

assumect that 8 fild sedolutiea fmthe eight wohmns IsROA8% 8539, dh FIG. 15A, a
storage capacitors keep copies of the same signal as

2550 S0 SN o ORI e B oprestonn.

i mproves SNR characteristics and col or spatial noise.

1508618 adtivated ip peovitle bindifp BeRedPEAURNST 2088, 2 and 4, 5 and 7
i ncorporating any of the brnning circuits and relaat et !

ods .describ above is shown in FIG 17, and
RS 8" TR IR T8 & BDstBA TGN (o slmately Mhtre antor, or VGA
an object to be imaged to the inmage sensing unit 2002
Balyet 0 kgp prbshiREsh i8 eMiEtated WAL DAt 4581 | B05 and 1506 are

converter 2003 for converting the I mge sig
recei ved at the inmage sensing unit 2002 into digital

astiypterido pragidekigameohesivesn sobssnmy andid, 4200056, faol 7 and 9 (not

performng i mage correction processes such as col or

heival PR rlivoPT sjf'w i @i white bal ancing, .
Setc.? an oz’?puct; orﬂrrgut%ﬁ%gefﬁvae\?@ﬁo% Oy PELETRIMSERITE  “1/3
2007 for converting the inage data into an appropriate

skin”eschemeawhiere switches 1501 putlt1567,0150¢i a5yl EB0BGtE.Pare activated so

that columns 1, 3 and 5 are binned then columns 2,4 and 6, and‘so 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-Cl=(Ye+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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the user; and a controller 2004 for controlling the
operations of the entire imging apparatus 2000.
w@ 0@B82509The | mage sensor in the imge sensi ng POT/USHOOR37729

is preferably constructed as an integrated circuit
whi ch includes pixels nmade of a photosensitive
materi al such as silicon. The i mage sensor may be
formed as a 21CMOS sensor and combined with a

B0ESSqE [(AcTR ¢ ' l._processor or
[g)cr]gpr ocglglgg,rbeiqﬁotgdgﬁ #gﬁhg blgllrlllﬁ]g rcglltcg[c}g&nacrﬁrﬁ‘? methods
Alternatively, the inmage sensor in the inmage sensing
dpsicribed abgeg 2lse provisterinyirerted signat hangiseaatipl(SNRY HhLRteristics
(CCD). [0063] Wthout being limting, such an imging

uter system

. 0.. f .
ﬁ%é&@lﬁﬁﬁl‘%gt% sﬁgggeqlgggl AL F%@pgﬁl Cl)'ggeg[g, SPRIEP of gt sime signa

canera sys scann
navi gati on system video tel ephone, surveillance

asyartestignaliis beihgoead syst €ohsafuritlys ﬂfékcﬁthérﬁe%q&% éggggésgpom

detection system image stabilization syst

ressi system.for high-definition television, all
rgg%i 0?% a@‘&ﬁ‘e %PP’FP Ay g ﬂ%esgﬂ}!géﬁhﬂrawéﬁﬂcs and qodesstjatiahnoise.
exenpl ary processor system 4000 to which the inmaging

apparatus 2000 may be connected is shown in FIG 18.
such as_a conputer system

progessi ng ,system 4000, >
[q(%{ra] ex a%& ¥a ﬁé’? AnupaghprpRaatys 090 inegrporatings sny of the
unit (CPU) 4001 that conmunicates with an input/ out put
biririfty citeuits end QBHAtel Rietifod!fescribed above is shown in FIG. 17, and

includes a lens system 2001 for directing 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 processiné unit :2005 for performing image
correction processes such as color interpolation, sharpness filtering, white
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 formed as a
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4006. The i magi ng apparatus 2000 comruni cates with the

system over bus 4006 or a ported connection. The
w@r@ses®or system 4000 al so i ncl udes random acRE€BEES2004/037729

menory (RAM 4005, and, in the case of a conputer

system may include peripheral devices such as a

floppy disk drive 4002 and a conpact disk (CD) ROM

drive 4003 which al so communi cate with CPU 4001 over

0P atn Pty iAot PSRt RIEh apACTELy depial signal

enbodi ments known at the tine, it should be readily
pretessdrantmidieprddessor/inendingle infegiefed dirtui€ dAkerrabigely, the
di scl osed enbodi nents. Rather, the invention can be

podi fied to incorporate any nunber of variations,
INRgS SRIISORAN the ipRigeeniipsnit 2e4mayderansiivciathrnedrarge

not heretofore described, but which are commensurate

Whiplel i vE® (DN scope of the invention.
Accordingly, the invention is not limted by the

foregoi ng description or drawings, but is only limted
by the scope of the appended. clains 23CLAIMS What is

085]ed PR LRRE Biedine SutR aRSnlig grltYs S600¢
at e]r?ts of the Unii}%ed St a eg [ g: 1. g,gﬁnglsfaggg S,Sensorc‘%rlﬁd be part
readout circuit, conprising: a colum line for

el clomPItten systema ramgraofy stava) ssgnpes shachine wisidrosystasevehicle
signals; and ‘

navigation system, video telephone, surveillance system, auto focus system, star
tracker system, motion detection system, image stabilization system and data
compression system for high-definition television, all of which can utilize the

1

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 aiso communicate with CPU 4001 over the bus 4006.
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a binning circuit coupled to said colum line, wherein
said binning circuit conbines a predeterm ned

w@bkasabiory of anal og pi xel signals and out put sPehes200#037729
a first output line, and conbi nes a predetern ned
plurality of analog reset signals and outputs them on
a second output line. 2. The readout circuit of claim
1, wherein said binning circuit conprises: a first

le Ggircuit,.said first sanple.circuit storing the |
DPERLF: e the i Gitior b el e Sibed it el af aleiawien
circuit, said second sanple circuit storing the
Pleféraéd bxnboldimeatsdehdves at thd na) $ sheuldherdag@aifauiderstood that
circuit of clain2, wherein the first sanple circuit
%énprises:.a first plurality of sanple sw tches; and .
Anyentian js| nqt54mtt9<§) &1 theqiselpsed, embpdirapits, Ratlerethe invention

each of said first plurality of sanple switches are
G @b diffectid FRBATS Yt Fultbe? 8 Vatitticils, BliatdrbYsullstitutions
capaci tive el enment’s, sal Irst plurality o

capacitive elenents being further coupled to the first
aagivalenharrangements 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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4. The readout circuit of clainB, wherein the second
sanple circuit conprises: a second plurality of sanple
wawsob®3? and a second plurality of capaciti VBCT/US2004/037729

el enents, wherein each of said second plurality of
sanpl e switches are coupled to a respective one of
said second plurality of capacitive elenents, said
second plurality of capacitive el enents being further
coupled to the second outp%% |l ine. 5. The readout
circuit of claimt, wherein $h8IM&st and second
plurality of sanple switches and capacitive el enents
conprd,s€e,an _.even. nunber of . sanmple . swtches_and
capac! t1A & dritied,pgney and ¢ he prafiegted gb’ LattersBatent of the
rising: a colum line for receiving anal og
%ﬁgégguﬁ %ﬁalog reset signals of an active pixel
sensor; 25a first sanple circuit coupled to said
colum line, said first sanple circuit storing a
plurality bf arindgagesesosirgaddu;cirwust comprisang| e
circuit coupled to said columm |ine,

a column line for receiving a plurality of analog pixel

and analog reset signals; and

a binning circuit coupled to said column line, wherein
said binning circuit combines a predetermined plurality of
analog pixel signals and outputs them on a first output line,
and combines a predetermined plurality of analog reset

signals and outputs them on a second output line.

2. The readout circuit of claim 1, wherein said

binning circuit comprises:

a first sample circuit, said first sample circuit storing

the plurality of analog pixel signals; and .

a second sample circuit, said second sample circuit

storing the plurality of analog reset signals.

3. The readout circuit of claim 2, wherein the first

sample circuit comprises:

a first plurality of sample switches; and
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sai d second sanple circuit storing a plurality of
anal og reset signals; a first switch coupled to the

wo pesios@anpl e circuit and to a first output |iPper/uszodo37729
first switch being controlled to combine the plurality
of anal og pixel signals and output the combined pixe
signals on the first output line; and a second swtch,
coupled to the second sanple C|rcu|t and to a second

N R

th d out put
Ui ne. 4l @%@ﬂgp 17 o s fle PR Res R e ﬁ%ﬂ " e
el S Bt e St SRRy oF arpighiske féat%ﬁtf. ve
el et el %@%@B&{lné@bﬁrﬁéﬂébe Rl Buldy ©

e
sanpl e swi tches a ed to a respe dne of

sai d éduF)ﬁdﬂiﬂfeq‘tﬂswugJutCIﬁtéaC' tive elements, said

first urality of capacitive el enents belng further
coupled to the first output line. 268. The binning

circuit ofy cl a'"ﬂjtef rewa u?CII'CUI’C of claim 3, wherein the

second sample circuit comprises:
a second plurality of sample switches; and

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

coupled to the second output line.

5. The readout circuit of claim 4, wherein the first
and second plurality of sample switches and capacitive

elements comprise an even number of sample switches and

capacitive elements.

6. A binning circuit for an image sensor,

comprising:

a column line for receiving analog pixel and analog

reset signals of an active pixel sensor;
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second sanple circuit conprises: a second plurality of
sanpl e switches; and a second plurality of capacitive
web@sens? wherein each of said second plural i PgTA82004/037729
sanpl e switches are coupled to a respective one of
sai d second plurality of capacitive elements, said
second plurality of capacitive el enents being further
coupled to the second output line. 9. The binning
erein the first and second

ircuit of glaing
ol ural i ty %ﬁr&éampi“we RDIAOGahen P sniht

r ven nu of sa ches and
Capadie Hm BRI LoR0s S e o raltE PR AGHiEnes
output of an active image sensor, conprising: sanpling
anal og output signals fromthe sensor according to a
first predesesonilsethpde girenit eouplkedytoisatil eslahoolif€set
signals_fromthe sensor according to a second

pr edéiid seavad seple sirevit storinga pdumatity of apalog regtal |
sanpl ed ?nalog out put S|gnals on a first line; and
signals;

a first switch coupled to the first sample circuit and to
a first output line, said first switch being controlled to
combine the plurality of analog pixel signals and output the

combined pixel signals on the first output line; and

a second switch, coupled to the second sample circuit
and to a second output line, said second switch being
controlled to combine the plurality of analog reset signals and

output the combined reset signal on the second output line.

7. The binning circuit of claim 6, wherein the first

sample circuit comprises:
a first plurality of sample switches; and

a first plurality of capacitive elements, wherein each of
said first plurality of sample switches are coupled to a
respective one of said first plurality of capacitive elements,
said first plurality of capacitive elements being further

-coupled to the first output line,
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conmbi ning and outputting all sanpl ed anal og reset
signals on a second line. 2711. The nethod accordi ng

wo e0oslosiont 10, wherein said step of sanpling saPdr/aszinegs7729
out put signals conprises storing each anal og out put
signal in a respective capacitive elenment according to
the first predeterm ned sequence. 12. The nethod
according to claim10, wherein said step of sanpling
said anal og reset signals cqonprises_storing each
anal og reset sirgﬁaleWPgamF‘é’éb@Ic‘ElP%%W EFINH. el ement
according,to the second Bnedeternined sequence. 13.

The FEENHUSAHRPY: ST HY EYNPFIESSn 10, wherein the first
and second predeterm ned sequences are deternm ned by a
| ess-than-full pixel resolution condition. 14. The
met hod ac eosedongd ploratitpofisdripledveiteties; ame afsecsitd and
second predeterm ned sequences further conprise
i nt erplotadity of capiditive rlemenis, ovlhgrein eavdh ofemed sadogdal s
froma colum readout circuit in said active inage
sens@lurally of sampie siviichescredpugledoto respedtive gier ei n
t he predeterm ned sequence further conprises sanpling
of said second plurah?:y of capacitive elements, said second
plurality of capacitive elements being further coupled to the

second output line.

9. The binning circuit of claim 8, wherein the first
and second plurality of sample switches and capacitive
elements comprise an even number of sampie switches and

capacitive elements.

10. A method of binning the output of an active

image sensor, comprising:

sampling analog output signals from the sensor

according to a first predetermined sequence;

sampling analog reset signals from the sensor

according to a second predetermined sequence;

combining and outputting all sampled analog output

- signals on a first line; and

combining and outputting all sampled analog reset

signals on a second line.
27



identical colors fromdifferent rows froma col um
readout circuit in said active imge sensor. 16. The
woredososisarcording to claim 13, wherein the firBCT/@RIN04/037729
second predeterm ned sequences further conprise
interpolating different colum readout circuits in
said active image sensor. 2817. The nethod accordi ng
to claim10, wherein the first and second
predeterm ned sequence is determ ned by a Bayer
pattern. 8. Thhawmetd @‘fcoé‘liléigrﬁpf@)a,lﬂ\r\%‘ér‘@hﬁ@ﬂn paidst
one of sajd fiyst and second acts of conbining
conprsteReat SABHRG sRidANAQE QUERIHFIGNRIS FYRRIISes storinge
met hod of claim 18 further conprjsing: calculating a
Col oreagapntle SHbys pigabit & ERREITS s v tlediang

sensor... 20. A gharge-domgin readout circuit
corrpl‘aicg(?rrqgr.'g fo BT%{‘%%WVE%FIBB'} dPESfout circuits
each of which sanple and store nultiple pixel signals
and reset signal values of an active pixel sensor,
wher ei n ed2h cdhemettestiaccording to claim 10, wherein said
step of sampling said analog reset signals comprises storing
each analog reset signal in a respective capacitive element

according to the second predetermined sequence.

13.  The method according to claim 10, wherein the
first and second predetermined sequences are determined by

a less-than-full pixel resolution condition.

14.  The method according to claim 13, wherein the
first and second predetermined sequences further comprise
interpolating different row output and reset signals from a

column readout circuit in said active image sensor.

15.  The method according to claim 14, wherein the
predetermined sequence further comprises sampling
identical colors from different rows from a column readout

circuit in said active image sensor.

16.  The method according to claim 13, wherein the
first and second predetermined sequences further comprise
interpolating different column readout circuits in said active

image sensor.

28



circuit is associated wwth a respective colum of
sensors in the active pixel sensor; a first bus for

wo e@siosiony pi xel signal val ues stored by a sel ecr/@s2o05na37729
of the colum readout circuits; and a second bus for
receiving the reset signal values stored by a sel ected
one of the columm readout circuits 2921. The circuit
of claim 20, wherein each colum readout circuit

i ncl ud lurgl ity of Le and hol & ciycuits. 22.
The ci rouilf” of hembsd SRR BB oL o ehée ool o
ol eranpesdisoRGmsReRitfed Nt iRt EhEn o

sai d pl ural j of switches being coupled to a
respg(%tyﬁ@a%%ééof said plurality of charge storage

el ements, wherein said plurality of switches can be
sel ectively enabled to sanple a signal froma sensor
in the ard8y tdheemsthadeof dgim AQ whereie atleaskeme of
element. 23. The circuit of claim22, wherein each

col usaid rsgand serond pets of ppmbiRiBigLOPIRISESi ty of second
sSwi tches

subtracting said sampled signals.
9.  The method of claim 18 further comprising:

calculating a color separation value of sampled signals

of said sensor.
20. A charge-domain readout circuit comprising:

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

active pixel sensor;

a first bus for receiving pixel signal values stored by a

selécted one of the column readout circuits; and

a second bus for receiving the reset signal values

_stored 'by a selected one of the column readout circuits
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whi ch can be sel ectively enabled to hold one side of

the charge storage elenents at a reference voltage
wob@s/0809¢or r espondi ng one of the first sw tcheBCT/8S2004/037729

enabl ed to sanple a value froma sensor. 24. The

circuit of claim 22, wherein each col um readout

circuit includes a switch that can sel ectively enabl ed

to short together one side of each charge storing

el enent . i,rcyit furth
conpri sin coI ﬁﬁt?%wuﬂfc al%é@l‘ghe%é‘tﬁ% C HEH‘ of the

Or.eadout. ¢ swi t ches
can BEadarEH R g DialtS 5 e Lhe
storgg Lxel signal and reset S|gnal values present on
the CHCUMF of sensors in an active pi xel sensor. 26. A

met hod of reading out values fromactive pixel sensors
in an array of sensors, the nethod conprising:

sel ect i ng Z2ul t i Tleecirapitsofoflaise At ovbengimeach/sample are t o
be read out; storing correl ated doubl e sanpl ed val ues
for angheldidincyiteomgisgsis in the sel ected rows,
wherei n the val ues

a plurality of charge storage elements; and

a plurality of first switches, each of said plurality of
switches being coupled to a respective one of said plurality of
charge storage elements, wherein said plurality of switches

" can be selectively enabled to sample a signal from a sensor in

the array to be stored by the chafge storage element.

23.  The circuit of claim 22, wherein each column
readout circuit comprises a plurality of second switches
which can be selectively enabled to hold one side of the
charge storage elements at a reference voltage when a
corresponding one of the first switches is enabled to sample a

value from a sensor.

24,  The circuit of claim 22, wherein each column
readout circuit includes a switch that can selectively enabled

to short together one side of each charge storing element.

25.  The circuit of claim 20, further comprising

column switches coupled between each of the column
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for each sensor are stored by a respective readout
circuit associated with a colum in the array in which

WO b@358093Dr i s | ocat ed; conbining the stored sPOQnakmN4/037729
and sensing the stored val ues associated with the
plurality of sensors in the selected rows using an
operational anplifierbased charge sensing circuit that
is common to the readout circuits. 27. The nethod of

cl ai n26 erein the actgf storing correl ated double
sanp & %lt?n%’ﬁﬁffé% %‘%\?ﬂi}l%g‘%{ﬁﬂﬂ%st SMbg a signal
val ue pf.a .sens nd sa ing a st ori,n [ eset

val udeBrifey SaRlegS ool PP toghthdtdfin Slethn Hrds

i ncl ydisn etti referenc | tage on first.sides
of - r SR dRf el Jafl s RrE B SRt B b M I sendiak rf
coupl,i ' | and reset values to second sides
of tﬁgﬁg%ggg%?#%ggbapacitive el enents. 29. The nethod
of claim 28 wherein setting a reference voltage

i ncludes providing the reference voltage fromthe

common opéPat i enBiethehpf reading gyt Halues fxpan a6Hee ng

pixel sensors in an array of sensors, the method comprising:

selecting multiple rows of sensors whose values are to

be read out;

storing correlated double sampled ‘values fora
plurality of sensors in the selected rows, wherein the values
for each sensor are stored by a respective readout circuit
associated with a column in the array in which the sensor is

located;
' combining the stored signals; and

sensing the stored values associated with the plurality
of sensors in the selected rows using an operational amplifier-
based charge sensing circuit that is common to the readout

circuits.

27.  The method of claim 26 wherein the act of
storing correlated double sampled values includes sampling
and storing a signal value of a sensor and sampling and

storing a reset value of the sensor.
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circuit. 30. The nethod of claim29 wherein sensing
the stored val ues includes using a crowbar switch to

wo ovoseswhar ge stored in each respective readouPCT/USDIN4037729
onto feedback capacitive elements in the operational
anplifier-based charge sensing circuit. 31. A
processi ng system conprising: a processing circuit;
an imaging circuit coupled to said processing circuit,

orrout i osdla et @%Egkafm%{}?f@d I
. h I
Zﬂdcg"%‘?@“ ?Sﬁ%ée Sh e APt Be e o of an
T Rt oyt 5‘3‘25‘33%1@@%%{’?1’“? ERRHITASRNRE
Sens.oﬂ';asluégtc%éc ﬁH'sYc?esmf){ﬁ ?.‘f?{fe cpdditivd efRfRentS"
P Gpact

recei ving pi xel signal stor y a sel'ected one
of the colum readout CIrCUItS and a second bus for

receivin the reset values st ored
J pTﬁ ethog of claim 28 wherein setting a

reference voltage includes providing the reference voltage
from the common operational amplifier-based charge sensing

circuit.

30.  The method of claim 29 wherein sensing the
stored values includes using a crowbar switch to force charge
stored in each respective readout circuit onto feedback
capacitive elements in the operational amplifier-based charge

sensing circuit.

31. 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
can sample and store multiple pixel signal and reset values of

an active pixel sensor, wherein each column readout circuit is
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by a sel ected one of the colum readout circuits. 32.
The processing systemof claim31l, wherein each col um

wo eadosio7ti rcuit includes a plurality of sanpl BCBDS2004/037729
hold circuits. 33. The processing system of claim 32,
wherei n each sanple and hold circuit conprises: a
plurality of charge storage elenents; and a plurality
of first switches, each of said plurality of sw tches

bei n ne of sai.d ty of
char oGBS R ol BneSiBif Pﬁﬁcﬁyeof |
svmt e selectively enabled to sanple a signha
mclglﬁée%gg?lbl n the array to be stored by the charge
storage el enent 34. The processing systemof claim 33,
wherei n each columm readout circuit conprises a
plurality afirss bb}éﬁ@f regpiving:pixghsignat valupe stosed byiavel y
enabl ed t o, hol d |de of .t he charge storage
el emefHits€ ezﬂo%f?? \Féﬁ‘il%'éﬂm'ﬁ» an@d3cor r espondi ng
one of the first svvltches is enabled to sanple a val ue
froma sensor. 35. The processing systenof claim 34,
wher ei n eacdecond bus for receiving the pixel reset values stored

by a selected one of the column readout circuits.

32.  The processing system of claim 31, wherein
each column readout circuit includes a plurality of sample

and hold circuits.

33.  The processing system of claim 32, wherein

each sample and hold circuit comprises:
a plurality of charge storage elements; and

a plurality of first switches, each of said plurality of
switches being coupled to a respective one of said plurality of
charge storage elements, wherein said plurality of switches
can be selectively enabled to sample a signal from a sensor in

the array to be stored by the charge storage element

34.  The processing system of claim 33, wherein
each column readout circuit comprises a plurality of second
switches which can be selectively enabled to hold one side of

the charge storage elements at a reference voltage when a
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col um readout circuit includes a swtch which

sel ectively can be enabled to short together one side
wotomsasiythar ge storing el ement. 36. The proceBST/N§2004/037729

system of claim35, further conprising colum sw tches

coupl ed between each of the colum readout circuits,

wherein the colum sw tches can be sel ectively enabl ed

to couple together the stored pixel signal and reset

val uegorpé in®Bné BE Miféwch§§ﬁsé9\raﬁlédqtoaﬁr§ﬁfei a’®
FRping

pi xel sensor.
value from a sensor.

35.  The processing system of claim 34, wherein each
column readout circuit includes a switch which selectively
can be enabled to short together one side of each charge

storing element.

36.  The processing system of claim 35, further
comprising column switches coupled between each of the
column readout circuits, wherein the column switches can be
selectively enabled to couple together the stored pixel signal
and reset values present on the column of sensors in an active

pixel sensor.
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