WO 2006/017296 PCTIUS2005/024711 DUAL PANEL PIXEL READOUT

IN AN IMAGER FIELD OF THE INVENTION [0001] The invention relates
Wg‘%:ﬁ%%{ﬂ%?(%maging devices and more particularly to dual panetpixehboes/o24711

readout in an imaging device. BACKGROUND [0002] A CMOS imager

circuit includes a focal plane array of pixel cells, each one of the cells

including a photosensor, for example, a photogate, photoconductor or a

photodiode overlying a substrate for accumulating photo-generated

charge in the underlying portion of the substrate. Each pixel cell has a

readout circuit that includes at least an output field effect transistor

formed in the SHbSYEEBANEL BTXHe REAINOUdGIdhAdidaA6 ER

substrate connected to the gate of an output transistor. The charge
storage region may be coBEELEYEAFAERE ENIAENIHGON region. Each
pixel may include at least one electronic device such as a transistor for
transferring charge from the photosensor to the storage region and one

device, 4¥¥typibaliy acnainsistol ter gesetting tHansiPIAGEIREINR 1.8 more
predetermined charge level prior to charge transference. [0003] In a
CMazvitiEderlite dealeetehpitel obadpinelceth prrigimg ewesessary
functions of: (1) photon to charge conversion; (2) accumulation of image
charge; (3) resetting the storage region to a 1 WO 2006/017296
PCTIIJS2005/024711 known state before the transfer of charge to it; (4)
transfer of charge to the BACKGROUND

[0002] A CMOS 'Lmager circuit includes a focal plane array of pixel
cells, each one of the cells including a photosensor, for examplé, a
photogate, photoconductor or a photodiode overlying a substréte for
accumulating photo-generated charge in the underlying portion of the
substrate. Each pixel cell has a readout circuit that includes at least an
output field effect transistor formed in the substrate and a charge storage
region formed on the substrate connected to the gate of an output
transistor. The charge storage region may be constructed as a floating
diffusion region. Each pixel may include at least one elect’roﬁic device
such as a transistor for transferring charge from the photosensor to the
storage region and one de{fice, also typically a transistor, for resetting the
storage region to a predetermined charge level prior to charge
transference.

[0003] In a CMOS imager, the activevelements ot a pixel cell perform
the necessary functions of: (1) photon to charge conversion;

(2) accumulation of image charge; (3) resetting the storage region to a

1



storage region accompanied by charge amplification; (5) selection of a

pixel for readout; and (6) output and amplification of a signal representing
WORECRAYe. Photo charge may be amplified when it moves P& #§@005/024711

initial charge accumulation region to the storage region. The charge at the

storage region is typically converted to a pixel output voltage by a source

follower output transistor. [0004] CMOS imagers of the type discussed

above are generally known as discussed, for example, in U.S. Patent no.

Paion g6 S BT e BARSTer o b AR gt o e
0,354t e%%iﬁﬁﬁ&ic&% . th?}anQ}g [ iﬁe@éﬁkh?{ EIERYon of a

incorporated by reference in their “entirety. [0005] FIG. l'illustrates a

portigixélffacan@niionaliGs) Gatpuagad %anTH&:HE@H%@Qsj@ﬁgﬁfeﬁesenﬁng

includes an array of pixels 20 connected to a column sample and hold

circyiid2 dyapgee| BhtputdinegShalhecimaptfida wlsennciigessaFom the
decoder and driver 40, column decoder 44, readout programmable gain

ampiifigal RoAg s o carmankaldgrioegjgitatc v etten ARG5S, Breictagge at the

processor 60 and a control circuit 70. [0006] Under the control of the
conttEIGEEAEFOTY SRS IR copyipretbty @ Rixshositpikerotagarby a source

selegt'“eg activated by the row decoder and driver 40. Each pixel 20 in
the ARHOMEHFW BLIFRESER uentially a reset Vrst and pixel signal Vsig,

e B BRI B 06 5 P
as discussed, for example, in U.S. Patent no. 6,140,630, U.S. Patent no.
6,376,868, U.S. Patent no. 6,310,366, U.S. Patent no. 6,326,652, U.S. Patent
no. 6,204,524 and U.S. Patent no. 6,333,205, assigned to Micron
Technology, Inc., which are hereby incorporated by reference in their
entirety.

[0005] FIG. 1 illustrates a portion of a conventional CMOS imager 10.
The illustrated imager 10 includes an array of pixels 20 connected to a
column sample and hold circuit 42 by pixel output lines 32. The imager 10
also includes a row decoder and driver 40, column decoder 44, readout
programmable gain amplifier (PGA) 50, an analog-to-digital converter
(ADC) 55, an image processor 60 and a control circuit 70.

[0006] Under the control of the control circuit 70, row lines RL
connected to a row of pixels 20 are selectively activated by the row
decoder and driver 40. Each pixel 20 in the activated row outputs
sequentially a reset Vgt and pixel signal Vsigr not necessarily in that

order, on a corresponding pixel output line 32. The column sample and



wivhldgikgyiod2 samples, holds and then outputs the reset Vrst apdidghos/o24711
signals Vsig to the amplifier 50 as selected by the column decoder 44. A

differential signal (Vrst-Vsig) is produced by the amplifier 50. The

differential signal is digitized by the analog-to-digital converter 55. The
analog-to-digital converter 55 supplies the digitized pixel signals to the

image processor 60, which forms a digital image output. [0007] Thus,
everylsik@ @it Posquirieadbatdsrenid shemtatye: tsdhemeseaviple and| pixel
hold circuit 42, and then each column is serially (or sequentially) readout
from Hi8THmNie @il he@eRiifiendGastertneic it sbsinglummesernghargd. A

timing dg%raméf the pllzil readout and serial column readout is
lustrabeiF T, SERS mie’ st FBFRHIES S Do sparpliSmPimEeis

equal + tcr, where tp is the. time to readout the reset Vrst and pixel
signa s&g%&’#b%%@%%E@I%ﬁ%ﬁgﬁﬁsﬂfﬁe%‘é’ ﬁlﬁofés%‘& C[‘ﬂﬂ?ée(i?@?, 55. The
total ti real } ial nner),. An imager's frame
rate (t%%giln e@ﬁ%ﬁfﬁ%ﬁ%ﬁ%gﬁ? ﬁggéﬁea% Hﬁ?gi é?rlrxaeil/)sl1 aldlo the

depemﬁw&%%%%ﬁ%%ﬁwéigﬁﬁ Hﬁé&é@ﬁt}ﬁ%mpmvg an

imager's frame rate. If tp is 6 4secs and to IS 42.67 psecs (e.g., 204

columns (@V@BMItzis) @wdiopeating Hnertis B&EisRASdAABl into the

Accordingly, there is a desire to decrease row processing time so that an
imageiiframearaele amddiibrincedt £2)kMARYN a00bRharyeatipily (or
provides an imager with decreased row procs ssing time and improved

fram esﬁ&%?@t\ﬂ‘g)zmgﬁﬁmfr AISTUE5I0P4Tald circuit 42 for further

processing. An exemplary timing diagram of the pixel readout and serial
column readout is illustrated in FIG. 2. As can be seen from FIG. 2, row
processing time tr is equal to tp+ ter, where tp is the time to readout the
reset Vgt and pixel signals Vsig from the pixel 20 and tcy is the column
readout time (i.e., total time to readout each column in a serial manner).
An imager’s frame rate (the inverse of the time required to readout an
entire array) is dependent upon the fow processing time t;. It is desirable
to improve an imager’s frame rate. If tp is 6 usecs and tey is 42.67 psecs
(e.g., 2048 columns @ 48Mhz), row processing time t, is 48.67 MSecs.

| [0008] Accordingly, there is a desire to decrease row processing time so

that an imager’s frame rate can be improved.
SUMMARY

{0009] The invention provides an imager with decreased row

pProcessing time and improved frame rate.
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0101 Various exemplary embodiments of the invention provide an

2O(Sé ]n%{/lng two panels of pixels (i.e., the imager's rows of pB&Té%"’*’“W”
spllt into two panels) that are controllable by separate row decoders. The
dual panel architecture allows pipelining of pixel readout and column
readout operations to improve the imager's frame rate. The dual panel
architecture may use a standard pixel configuration, a shared column

d/
THE DR B R B B POV an
featua%gém%\;ﬁyﬁ%rbwﬂlegesmmeeamn@rﬁﬂa &%W‘%@%ﬁ&?eb are

description of exemplary embodiments prowded below with reference to

the agERMRBMHARIIHIEERAN B IEHAIRIIAIE G, deisaadinghamietdders. The
CMOS imager; [0013] FIG. 2 is a timing diagram of the operation of the :
FIG. Himageric]00d1ikédtard adlawliagipehinirgnofhax€IMES dmeged column
[0015] FIG. 4 is a timing diagram of the operation of the FIG. 3 imager;
[0016kRiGuUBaperaiagraho oigp CVOSmagegecorfstuetedtn ddvedizxigeanel
with an exemplary embodiment of the invention; [0017] FIG. 6 is an
exenfEHfaaRIAg Hiay A DEtARGIE Rivel seMisTTai Gimierqdcodpmn
FIG. 7 is a diagram of a CMQS imager constructed in accordance with
anotfErd %ﬁw%ﬁﬁ?érﬁ%dﬁ%ﬁ? Bipe SRUHISRIPIVO 2006/017296 PC
/US20001024711 [0019] FIG. 8 is a diagram of a CMOS imager

constructed in accordance '

BRIEF DESCRIPTION OF THE DRAWINGS

W

[0011] The foregoing and other advantages and features of the
invention will become more apparent from the detailed description of
exemplary embodiments provided below with reference to the
accompanying drawings in which:

[0012] FIG. 1 is a diagram of a CMOS imager;

[0013] FIG. 2 is a timing diagram of the operation of the FIG. 1 imager;

[0014] FIG. 3 is a diagram of another CMOS imager;

[0015] FIG. 4 is a timing diagram of the operation of the FIG'HB imager;

[0016] FIG. 5 is a diagram of a CMOS imager constructed in accordancé
with an exemplary embodiment of the invention;

[0017] FIG. 6 is an exemplary timing diagram of the operation of the
FIG. 5 imager;

[0018] FIG. 7 is a diagram of a CMOS imager construcsted N 3ccordance

with another exemplary embodiment of the invention;



with yet another exemplary embodiment of the invention; and [0020] FIG.

9 shows a processor system incorporating at least one imaging device
WOHRAIEBASn accordance with an embodiment of the inventiorCT/US2005/024711

DETAILED DESCRIPTION [0021] Referring to the figures, where like

reference numbers designate like elements, FIG. 3 shows an imager 110

having a shared pixel architecture. That is, two neighboring pixels 120a,

120b in the same row share readout circuitry such that their reset and

pixel sigriaEleamite eutpud it e sme BalomRSRIXEL g ;

This is done to?improve fill ftz%tor of the pixels 128%%2%%%%#?58 iir?’g(:cordance

discuzgitll pelanatitbrrespapi woy elabddifrdetHnaidmpreMe saWand

processing time. [0022] The illustrated imager 110 includes a column

sample dY80181GirBuwhavz eqrmesctsdrsytsterpixetaipri tings 4 B2 &Ybne

multiplexers 134. Multiplexers 134 are required to ensure that the signals

from SRR IBR&leYIRsLoTs I aledsansrea danraatithpasonbpdatseritafitye

within the column sample and hold circuitry 142. The imager 110 also

include$ AW decoder and driver 140, column decoder 144, readout

programmable gain amplifier (PGA) 150, an analog-to-digital converter

(ADC) 155, an image processor 160 and a control circuit 170. [0023]

Under the control of the ..’2 b 4o 1P 17 BSkg M &M connected to a

row of pixels 120a, 120b are selectively and sequentially 5 WO 2006/0 1

7 296 PCT/DS2005/024711 activated by the row decoder and driver 140.

Each palf82hixdederping, to the figures, where like reference numbers designate

like elements, FIG. 3 shows an imager 110 having a shared pixel
architecture. That is, two neighboring pixels 120a, 120b in the same row
sharé readout circuitry such that their reset and pixel signals can be output
to the same column’s pixel output line 132. This is done to improve fill
factor of the pixels 120a, 120b, but as is discussed below with respect to
FIG. 4, it does not improve row pr‘ocessing time.

[0022] The illustrated imager 110 includes a column sample and hold
circuit 142 connected to the pixel output lines 132 by multiplexers 134.
Multiplexers 134 are required to ensure that the signals from each pixel
120a, 120b are sampledvand held by appropriate circuitry within the
column sample and hold circuitry 142. The imager 110 also includes a row
decoder and driver 140, column decoder 144, readout programmable gain
amplifier (PGA) 150, an analog-to-digital converter (ADC) 155, an image
processor 160 and a control circuit 170. |

[0023] Under the control of the control circuit 170, row lines RL,

connected to a row of pixels 120a, 120b are selectively and sequentially
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120b in the activated row outputs its reset Vrst and pixel signals Vsig onto

CQUE ing pixel output line 132 (at appropriate separate reset and
“&x&‘ﬁ%ﬂd%%? stages). The multiplexer 134 ensures that the colfinHUS2005/024711

sample and hold circuitry 142 inputs the reset and pixel signals Vrst, Vsig

from the pixels 120a, 120b in the correct order. [0024] The column

sample and hold circuit 142, samples, holds and then outputs the reset

Vrst and pixel signals Vsig to the amplifier 150 as selected by the
decodetivated\iffbeential digodef\ast \dsigpisigmdiadd payrthe wirlifieoa,
150. The differential signal is digitized by the analog-to- digital converter

155. tREmimibg-totiigied comventpubSisupplied iheanibjtizet pimels Vsig onto
signals to the image processor 160, which forms a digital image output.

[0025F FRERES Poehretpebbne 1384 ah apinnsipdadepacate refstand

into the cqlumn sample and_hold circuit 142, and then each column is
serial@lbféi K lﬂﬁf‘fﬂﬁﬁg‘aj&‘ft‘ﬁl&%’mé@é%@&ﬁﬂrﬁ%I@l"%tréﬁﬁt epjpmgsample
further prqcessing. An e lary timing diagram of the. pixel readoy; and
Seria S e e S e Bt ey g
seen m&@s ﬁd&ﬂﬁﬂ%ﬁi@%&@gﬁ@f’d‘éﬁum to ta+ tb + tcr, where ta

is the time to readout the reset Vrst and pixel signals Vsig from the first

pixel 120@otbeisthe Emente: eadpu theirRset Mﬁ@@ﬂ@i@:ﬁf@@!%ﬁﬂ and

from the second pixel 126b, and to is the column readout time (i.e., total
time tthesadiotheathoniuanVin casetiphmbsiganls g ist6 ecanpigiert 50 as

WO 2006/017296 PCTIUS2005/02 4 71 1 psecs andtois 42.67 psecs
(e.g., sedegeshiomthe &@asglanif4ovs olidfsaesingl signal (Vrst‘vsig) is produced
by the amplifier 150. The differential signal is digitized by the analog-to-
digital converter 155. The analog-to-digital converter 155 supplies the
- digitized pixel signals to the image processor 160, which forms a digital
image output.
[0025] Thus, every pair of pixels 120a, 120b in a row is readout and
input into the column sample and hold circuit 142, and then each column
is serially (or sequentially) readout from the sample and holdb circuit 142
for further processing. An exemplary timing diagram of the pixel readout
and serial column readout of the imager 110 is illustrated in FIG. 4. As can
be seen from FIG. 4, row processing time t; is equal to ty+ tp, + ter, where ty
is the time to readout the reset Vg and pixel signals Vsig from the first
pixel 120a, ty, is the time to readout the reset Vyg; and pixel signals Vsig
from the second pixel 120b, and t.; is the column readout time (i.e., total

time to readout each column in a serial manner). If t is 6 psecs, this 6



time tr is 54.67 secs. [0026] Thus, even though fill factor has improved,

the row processing time of the imager 110 (FIG. 3) has increased, which
WA2YadEa¥ed the imager's 110 frame rate. This results from SETEEsRMS/024711
readout of the first and second pixels 120a, 120b, followed by the serial
column readout operation. It is desirable to improve the imager 110 such

that it maintains its improved fill factor, yet also has improved row

processing time and frame rate. [0027] To make the imager's 110 frame

rate | Y the ime for pixel readout, it isproposed to
el g B Teb it SRaE it L SO SEA R e BERGpScesing

havingithem mmg@l&g: Existing pipelining architectures require extra
sample and hold circuits per column. This increased column complexity

requires goiiEpMahahipvarethonpichiibbindesialiddfO2E], TheSBw processing
architectures also contain column parallel gain circuits, which have

storagéneaphtieisagtiel An{lEr3) ttpsitnbrapedtiohi @ftRasthesigRalishe
amplified, a subsequent analog-to-digital conversion step is performed.
Duringlﬂﬁéeébﬂxb@gmnm@@nﬁ!amésaﬁmlﬁenctﬁts grivaltoeatiowaif the first
circuits ?’e available for reading out the next row of pixels. Thus,

pipelifBE SRENL BRI b Ry felioyiest brrithersminlspbusibiasadout

Unfortunately, with.seyial column readout apd analog-to-digital . o
conve%?%r%é% nf(g)l(? roev%/%% &é?s%ﬂf@%%%b‘?‘@%%&t@éﬁ?@d@%éﬁ%ﬁmtms
WO 200641 (2R 711 the current sampled row is .
readou%)completg}yl?.1 %E%é%%%ﬁ{a%s%ansgmﬁ&ﬁngr%% OCHTFNg Hite and
desirapdene rate.

[0027] To make the imager’s 110 frame rate insensitive to the increased
time for pixel readout, it is proposed to pipeline the pixel readout and
column readout sequences rather than having them occur serially.
Existing pipelming architectures require extra sample and hold circuits per
column. This increased column complexity requires additional chip area,
which is undesirable.

[0028] These architectures also contain column parallel gain circuits,
which have storage capacitors at the amplifier output. In operatioh; after
the signal is amplified, a subsequent analog-to-digital conversion step is
performed. During the conversion, the sample and hold circuits prior to
the gain circuits are available for reading out the next row of pixels. Thus,
pipelined pixel readout with analog-to-digital conversion is possible.
Unfortunately, with serial column readout and analog-to-digital

conversion, the next row of pixels to be readout cannot be processed until



[0029] FIG. 5 illustrates a CMOS imager 210 constructed in accordance

W itho%l (7ax9emplary embodiment of the invention. The illustrated imager
18°684&8 2 unique configuration and pipelining to improve rov@’ﬁ?é@gwm@“'/“

time and frame rate without increasing column circuitry complexity and

area used. The illustrated imager 210 uses a dual panel pixel array 212,

consisting of a first panel 212a and a second panel 212b, and separate

dedicated row decoders and drivers 240a, 240b to operate the panels in a

manmge thatalewsixed I&%ﬁd@y}%ﬁ%&ﬂ{}tﬂ%@ utAQ bR RIPGING st
(described below in more detail with respect to FIG? 6). [OO%O’]qfl"rgéggsmg

illustyzitedimhag e iCbag @isharedegixgbrrchitecture. That is, two
neighboring pixels 220a, 220b in the same row share readout circuitry

such thdP6R8} F§etatla givestsig GMQS inezenpli totharsame itakiBrisince
pixel output line 232. This is done to improve fill factor of the pixels 220a,
220bwithéagarplaoyaesohindinest o tHwerinveatipre di il tritediiager
connegted to the pixel output lines 232 by multiplexers 234. Multiplexers

234 EHLHE RPN YA SOV A ABIAMb RIRAIARIBE &P 2o pa o v DM Rg OCessing
sam%% an(cjigeld b)é propriate circuitr; With(ln the column sample and

hold circuttry 242 Fha ﬁn%b%?ﬂ@ﬁ% fRRE R SRy nBiexity, and
read | plifier. BAGA). 250, an analog- to-digital
i SRR R R

WO 280648H£286 A5 QL R20924024 4 Le[O0RLL Ehe sahnn desasiar

244 generates column addresses to address the columns associat Wwith

the fidst paned 2b2a dud deesseed deiPane40a, 240b to operate the panels in a
‘manner that allows pixel readout and column readout to be pipelined
(described below in more detail with respect to FIG. 6).

[0030] The illustrated imager 210 has a shared pixel architecture. That
is, two neighboring pixels 220a, 220b in the same row share readout
circuitry such that their reset and pixel signals can be output to the same
column’s pixel output line 232. This is done to improve fill factor of the
pixels 220a, 220b. The imager 210 also includes a column sample and hold
circuit 242 connected to the pixel output lines 232 by multiplexers 234,
Multiplexers 234 ensure that the Vg4, Vsig signals from each pixel 220a,
220b are sampled and held by appropriate circuitry within the column
sample and hold circuitry 242. The imager 210 also includes a column
decoder 244, readout programmable gain amplifier (PGA) 250, an analog-
to-digital converter (ADC) 255, an image processor 260 and a control

circuit 270.



212b. The column sample and hold circuitry 242 also has separate

W%omgg}&;g)rﬁthe first and second panels 212a, 212b. [0032] Unglerheoos/024711
control of the control circuit 270, row lines RLa connected to a row of

pixels 220a, 220b in the first panel 212a are selectively activated by the

first row decoder and driver 240a. Each pair of pixels 220a, 220b in the
activated row outputs its reset Vrst and pixel signals Vsig onto a
corresponding pixel output line 232 (at appropriate separate reset and

pixel readols KtagesyoRemidtiplxe? £Bganesates thlumhedditasses to address
sample and hold circuitry 242 inputs the reset signal Vrst from the first

pixel 2ROaptutoneashydiatedixeithidralivsipaoph Hheairsdoihe secmgd granel
the pair. The multiplexer 234 then ensures that the column sample and

hold Gttty he ZaMpmS favRsarshRal  RIFHHVIHE ‘RIS R p sedtasigsontrols
foll d by the pixel signal Vsig f d pixel 220b of th ir.
10033} St P KRB A8l circut 270, row fnes RL
t f pixels 220a, bi s '
celectvel L ey e St e R R e
pair of piKGLR 2AGR 2200 B iz stz b RUIRURI Fasel and.pirel
I'St,

signals sig onto a corresponding pixel output line 232 (at

appropeialgiseRARMG/ABEl AN thRikek feado desttliednd i e ialexe E284 pair of

ensures that thé column sample and hold circuitry 242 initially inputs the

reset gigras Yrskfropoihe trst pitehbadactollowpd toyitheepixl sigaad \psig]

9 WO 2006/017296 PCT/U82005/024711 from the first pixel 220a of the

pair. Tigrmalstiplgxen2aa tissrespeneinghpixel output line 232 (at appr.opriate
separate reset and pixel readout stages). The multiplexer 234 ensures that
the column sample and hold circuitry 242 inputs the reset signal Vgt from
the first pixel 220a, followed by the pixel signal Vsig from the first pixel
220a of thé pair. The multiplexer 234 then ensures that the column sample
and hold circuitry 242 inputs the reset signal Vg from the second pixel
220b, followed by the pixel signal V;g from the second pixel 220b of the
pair.

[0033] Similarly, under the control of the control circuit 270, row lines

RLb connected to a row of pixels 220a, 220b in the second panel 212b are
selectively activated by the second row decoder and driver 240b. Each
pair of pixels 220a, 220b in the activated row outputs its reset and pixel
signals Vrgt, Vsig onto a corresponding pixel output line 232 (at
appropriate separate reset and pixel readout stages). The multiplexer 234

ensures that the colurmn sample and hold circuitry 242 initially inputs the

reset signal Vgt from the first pixel 220a, followed by the pixel signal Vg



the column sample and hold circuitry 242 inputs the reset signal Vrst from

the second pixel 220b, followed by the pixel signal Vsig from the second
WIY98B B the pair. [0034] The column sample and hold circBfEY52005/024711

samples, holds and outputs, to the amplifier 250, the reset Vrst and pixel

signals Vsig from the first panel 212a and the second panel 212b

(described below with respect to FIG. 6). A differential signal (VrsrVsig) is

produced by the amplifier 250. The differential signal is digitized by the

analog_—(go- It%' <P é)‘d\%@%()é%%a g?ggtﬁzl?r‘%ggné%ﬁt e(;(%g\r%r %E‘\é?h?%rﬁsures that

suppllesrfhe aigl iZ S CEeSso

formstﬁedggiwgﬁg%@#%ﬁﬁﬁﬂiﬁ%@%iﬁo s%@qg%?gltgﬁa?vpﬁ from

pipelined manner in e pixel readout an umn reado

operalipns AR REOD, RARN I RXRIBIBES SMAEN e Gl @Rt Whnd
ROW(N) of pixels is being readout, thé second panel's plxés are readout -
first. ipabwiile o ifeadout of the stored signals from the first panel

from a prior rov ROW(N-1) is performed. Once the second panel's pixel
signals aj@03¢p@batcshenfinstrapdt supikalsl focitiraic@d2 ntamp IBROKNN} and
are readout. At the same time, column readout of the stored signals from

the seesRY thdndhremptibiendht taveseWin) 38 peisehrgnalitdfwarttom the

when_pixel readout of the second panel's pixels for the next row

ROWE BasehElsg paddhnsecanfnanebaddr desratsd belerymisvisspect
e Rk A B e, T2 S RS0 O e
time iggoWiHED d%&‘%?t%??%&?é%@@éﬂ%p%&%ﬂ ]Zto—digital converter
255. The analog-to-digital converter 255 supplies the digitized pixel
signals to the image prbcessor 260, which forms a digital image output.
[0035] Referring to FIG. 6, an example of the pipelined manner in |
which the pixel readout and column readout operations of the invention
“occur is now explained. When the current row ROW(N) of pixels is being
readout, the second panel’s pixels are readout first. Meanwhile, column
readout of the stored signals from the first panel from a prior row
ROW(N-1) is performed. Once the second panel’s pixel signals are
readout, the first panel’s pixels for the current row ROW(N) are readout.
At the same time, column readout of the stored signals from the second
panel from the current row ROW(N) is performed. Afterwards, when
pixel readout of the second panel’s pixels for the next row ROW(N+1) is
being performed, column readout of the stored signals from the first panel
for ROW(N) is performed. Thus, as can be seen from FIG. 6, the row

processing time t; has been reduced to the column readout time tp, which

10



IS a vast improvement over other imagers row processing times. If ter is
42.67 psecs (e.g., 2048 columns @ 48Mhz), row processing time tr is
WIQ BP6{$Es. This reduced row processing time tr yields an impeaveskoos/024711
frame rate for the imager 210 of the invention. [0036] FIG. 7 is a diagram
of a CMOS imager 310 constructed in accordance with another
exemplary embodiment of the invention. The illustrated imager 310 uses
the unique dual panel array 312 configuration and pipelining to improve
row processing time and frame rate without increasing column cwcwt;i/éltcr i

complexity and area used . Tha 0 SHAER s ErS S8 0E T

LSt ' d panel 312b
it 0y e L L B Al St e
panelsdeca MARRHNGILHOWS PHIRLEEAFPYh &R, £OHIIR Eﬁf?g’x%%@ Rgfge rate

pipelined. In the illustrated emsgodiment, the imager 310 includes pane

312a,f3i Reusiagdhe oopvartinralmashshared pixel configuration

illustrated in FIG. 1. It should be noted that because the imager 310 uses

the dual X3¢l ditay Bis2a hisgeativefra Wik derspend 1drivers340ed in

340b and pipelining, the imager 310 will have improved row processing

time &FEOFAMEevathanpihraeemMrsy enibogdrene dfubedtecitiagerThe
310 also incllég}e,s a column sample and hold circuit 342 connected to

cach UBfaHAt H&%@%%H)W%%]eo%%qiﬁé?%%&’fﬁﬁ)@%&§@ﬂ@ﬁ@taﬁ0n
required;because eatch. column of pixels has, its pwn output circuitry and

pixel SUtBLNG 350 FTRE RHAGEF N LS5 RS 220 e cesctthout

:;4641"/%%?2%&55/ %ﬁl_ﬁfm%ﬁlw FRPHSE 2 NA AW 7. ustrated
imager 310 uses a dual panel array 312, consisting of a first panel 312a and
a second panel 312b, and separate dedicated row decoders and drivers
340a, 340b to operate the panels in a manner that allows pixel readout and
column readout to be pipelined. In the illustrated embodiment, the
imager 310 includes panels 312a, 312b using the conventional non-shared
pixel configuration illustrated in FIG. 1. It should be noted that because
the imager 310 uses the dual panel array 312, respective row decoders and
drivers 340a, 340b and pipelining, the imager 310 will have improved row
processing time and frame rate as illustrated in FIG. 6.

[0037] The illustrated imager 310 also includes a column sample and

hold circuit 342 connected to each column of pixels 320 by pixel output
lines 332. Multiplexers are not required because each column of pixels has

its own output circuitry and pixel output line 332. The imager 310 also

includes a column decoder 344, readout programmable gain amplifier

11



(PGA) 350, an analog-to-digital converter (ADC) 355, an image processor
60 and a control circuit 370. [0038] The column decoder 344gqfnerates
0

VRN dddresses to address the columns associated with th A 24711

312a and the columns associated with the second panel 312b. The
column sample and hold . circuitry 342 also has separate controls for the
first and second panels 312a, 312b. [0039] Under the control of the
control circuit 370, row lines RLa connected to a row of pixels 320 in the

first gROA BIRB aﬁ&aﬁfaﬂ%(gﬂV@J&Iig&@éﬂ\/@tﬁddﬂ/eﬂq@xfmm%g%Qﬂ?&%’}ﬁoeessor

driver 340a. Each pixel 320 in the activated row outputs its reset Vrst and
pixel 3fraald ¥ smpantbcrceati@ponding pixel output line 332 (at

appropriate separate reset and pixel readout stages), [0040] Under the
control dPfR8lcbhe ebtirauitdrodend dhgeRirbtasornlonedaddaessesab address

pixels 320 in the second panel 312b are selectively activated by the

secoﬂﬁmééé?%%ﬁi%‘mﬂ@%f‘@é&ﬁﬁ%bﬁiﬁmdtﬁﬁé@ﬁvmﬂ row

outputs its reset Vrst and pixel signals Vsig onto a corresponding pixel
g s b e dhe

outp T TRSHSS PR feate e e 6 e Aol aestfaald
outp e TR Ase e et ot i BRSO pmnaer2e.

outputs, to the amplifier erese nd pixel signa
first pgpgl 312a and the second panel 312b as described above with

respect to FIG. 6. A differential signal (Vrst-Vsig) is produced by the
amplifie[o839} Tha slifreesdiasionalie diaitiedibuiisr0aon-Ihdiokeh

converter 12 \
connected to a row of pixels 320 in the first panel 312a are selectively
activated by the first row decoder and driver 340a. Each pixel 320 in the
activated row outputs its reset V¢ and pixel signals Vsig onto a
corresponding pixel output line 332 (at appropriate separate reset and
pixel readout stages).

[0040] Under the control of the control circuit 370, row lines RLb
connected to a row of pixels 320 in the second panel 312b are selectively
activated by the second row decoder and driver 340b. Each pixel 320 in
the activated row outputs its reset V.t and pixel signals Vsig onto a
corresponding pixel output line 332 (at appropriate separate reset and
pixel readout stages).

[0041] The column sample and hold circuit 342, samples, holds and
outputs, to the amplifier 350, the reset V¢ and pixel signals Vsig from the
first panel 312a and the second panel 312b as described above with respect

to FIG. 6. A differential signal (Vrst'vsig) is produced by the amplifier

350. The differential signal is digitized by the analog-to-digital converter

12



W0 2006/017296 PCT/US2005/024711 355. The analog-to-digital

converter 355 supplies the digitized pixel signals to the image processor
vasowhickoforms a digital image output. [0042] FIG. 8 is a diagramusb@s/024711

CMOS imager 410 constructed in accordance with yet another exemplary

embodiment of the invention. The illustrated imager 410 uses a unique

configuration and pipelining to improve row processing time and frame

rate without increasing column circuitry complexity and area used. The

illustrated imager 410 uses a dual panel array 412, consisting of a first

panel3P2d hedaadegdrdiiaitel aarprertand sepapntiasdbie sigitiead pixel

decoders and drivers 440a, 440b to operate the panels in a manner that

allowsSigRaksrt Hr iaAgeBrasHT SRRl e I \pmedighekanase output.
illustrated j 10 h bined - /col ixel yut
et BTG e P e S e T B Mo

10/7 [ 9 i i T Inc.,.

e SO R Y ARG, SSRE P MR SHIRON Bion. The

entirefy, Jiatds, Mga@ g QUBY PixGIS A2 AAR DA Jﬁwﬁ}gglﬁ%gi to

neighboring pixels 420c, 420d in the adjacent row share readout circuitry

such thesibed resep aneping! sigtalsddrabeequiRUl th e SRNAGARIBYNSIN

pixel output line 432. This is done to improve fill factor of the pixels 420a,

420b ctr20¢i 420 Plexcity aget 41@ aksolintheldduatcetachimsgarpetandks a dual

hold circuit 442 connected to the pixel output lines 432 by multiplexers

434. Pemebieses 48 eppsiciugef wofErspra il Breasigrasscanpaach 412b,

Pl 1505 20 G, 20 e Spled n A SPIRIEE e
panels in a manner that allows pixel readout and column readout to be
pipelined.

[0043] The illustrated imager 410 has a combined shared-row/column
pixel readout architecture such as one of the architectures disclosed in
application nos. 10/721,190 and 10/721,191, also assigned to Micron
Technology, Inc., the disclosures of which are hereby incorporated by
reference in their entirety. That is, two neighboring pixels 420a, 420b in a
row and two neighboring pixels 420c, 420d in the adjacent row share
readout circuitry such that their reset and pixel signals can be output to
the same column’s pixel output line 432. This is done to improve fill factor
of the pixels 420a, 420b, 420c, 420d. The imager 410 also includes a column
sample and hold circuit 442 connected to the pixel output lines 432 by
multiplexers 434. Multiplexers 434 are reqﬁired to ensure that the signals

from each pixel 420a, 420b, 420c, 420d are sampled and held by

appropriate circuitry within the column sample and hold circuitry 442.

13



1.3 WO 2006/017296 PCT/US2005/024711 The imager 410 also includes
coder 444, readout programmable gain amplifier (PGA) 450,

Wg)ngg!#ﬂc{)zz-gge-digital converter (ADC) 455, an image processor et /024711

control circuit 470. [0044] The column decoder 444 generates -column

addresses to address the columns associated with the first panel 412a

and the columns associated with the second panel 412b. Similar to the

other embodiments of the invention, the column sample and hold circuitry

442 di¥e has pzeparatgseomicnlel forthelfiistandsrtantpapalg slla,

412b. [0045] Under the control of the control circuit 470, row lines RLa
connguiegh dnarvainect pix els g Aier LANANHE firsbpabet 4d2digiial converter
selectively activated by the first row decoder and driver 440a. Each pair of
pixeld APBa), 40 mithagsaivetess e @lianct< ieordsel sirsuandyPixel

signals Vsig onto a corresponding pixel output line 432 (at appropriate
separate[Pﬁ%l e 683&%@6%@%@5&&)8WF%§‘P@E%H degsspsoerrddress

adjacent row of pixels 420c, 420d in the first panel 412a are selectively

by LS R R A e i |
420c, J -activat djacent Is@.outputs itg reset Vrst and, .
e a8 SR L5 S e 80menc

appProgyiRteiNeRARR r@?@&&%@:&l&%&ﬁ;ﬁ@%&?ﬁ&%@%ﬁg P hag

under the control of the control circuit 70, row lines RLb connected to a
row ofepuedsedRfer SRAb B¢ sacand Ravaldpahate selegively

activated by the second row decoder and driver 440b. Each pair of pixels

420a, 420040 ]tRénaeivdie dontwoduifptite dsresdicifistiadd0, row lines RLa
connected to a row of pixels 420a, 420b in the first panel 412a are
selectively activated by the first row decoder and driver 440a. Each pair of
pixels 420a, 420D in the activated row outputs its reset Vg and pixel
signals Vi onto a corresponding pixel output line 432 (at appropriate
separate reset and pixel readout stages). Row lines RLa connected to the
adjacent row of pixels 420c, 420d in the first panel 412a are selectively
activated by the first row decoder and driver 440a. Each pair of pixels
420c, 420d, in the activated adjacent row also outputs its reset V¢ and
pixel signals Vsig onto a corresponding pixel output line 432 (at
appropriate separate reset and pixel readout stages).

[0046] Similarly, under the control of the control circuit 470, row lines

RLb connected to a row of pixels 420a, 420b in the second panel 412b are
selectively activated by the second row decoder and driver 440b. Each

pair of pixels 420a, 420b in the activated row outputs its reset V¢ and

pixel signals Vsig onto a corresponding pixel output line 432 (at

14



pixel signals Vsig onto a corresponding pixel output line 432 (at 14 WO
2006/017296 PCT/U52005/024711 appropriate separate reset and pixel
We2det stzfges). Row lines RLb connected to the adjacent row©f /pisass /024711

420c, 420d in the second panel 412b are selectively activated by the

second row decoder and driver 440b. Each pair of pixels 420c, 420d, in

the activated adjacent row also outputs its reset Vrst and pixel signals

Vsig onto a corresponding pixel output line 432 (at appropriate separate

reset and pixel readout stages). [0047] The column sample and hold

circuit RA3 OBLIA SEPHARTSHH idgeiecliseadontninaes adothtines®Lb

Vrst a ixel signals Vsig from the first panel 412a and the second panel
PERL L B e T b R N e T e
differeptial sl ~VSiq)i duced hy the ampljfier 450, The
ool Ao e LS ORISR bR ke 4. Bach

analogn-6ighakrommitesdbarsuerliastied Q&é@&%{%@bﬁé%@%}%ﬁ%@ o4

image processor 460, which forms a digital image output. ou

be notesbthafganedubiielosgrens Msgg?ﬂb@&&ﬁbﬁogv@ﬁ%aﬁsla%ﬁﬁg line

the invention prevents the boundarybetween the panels from crea
imagd-&{fap upriatedisgutiteitysoetmegpi thbraidels) sQpedjesirable
technique is to route the metal control wires under an upper metal shield
(upper MK Enlhgire] wrevsamonnensbhidlst goover 44U tinmiplébehpiki)and
Then, the gap between control lines impacts how much light strikes the
panel?‘[%@gfff %Mﬁﬁﬁéﬁﬁoﬂ“ﬁﬁﬁ%vaddmm%ﬁé&iﬂ@iﬁr‘édigcfmgm the

the gt panel 412a and the second panel 412b in the pipeliﬁed manner
described above with respect to FIG. 6. A differential signal (V rst-Vsig) is
produced by the amplifier 450. The differential signal is digitized by the
analog-to-digital converter 455. The analog-to-digital converter 455
supplies the digitized pixel signals to the image processor 460, which
forms a digital image output.

[0048] It should be noted that careful placement of the pixels in the
dual panel arrays of the invention prevents the boundary between the
panels from creating image artifacts (due to discontinuity between the
pixels). One desirable technique is to route the metal control wires under
an upper metal shield (upper metal shielding is commonly used for power
routing in the pixel). Then, the gap between control lines impacts how
much light strikes the panel.

[0049] The present invention has the additional benefit of reducing the
loading on the row decoder/driver circuits. Reduced loading leads to

faster pixel readout times. Timing to the separate row decoders and

15



loading on the row decoder/driver circuits. Reduced loading leads to

faster pixel readout times. Timing to the separate row decoders and 15
WRSPIDEI81 7296 PC17US2005/024711 drivers can be madePRE SEs/ 34711

the case that pipelined pixel readout id not desired or required. [0050] It

should be appreciated that the invention can utilize many panel

configurations and is not to be limited to a dual panel construction. That

is, the panels used in the invention can comprise 2, 3, 4, or more panels

as degped appraRr ialedorRe aRR/icalinAd that 5 pemited s hahaash id

panel be driven by its own row decoder and that the column S/FI circuitry
and casotrabgiredity Reeiefigured to operate the panels as described

above. [0051] FIG. 9 shows system 900, a typical processor system

modified {058 i db el ihiegipy tevitedida cdrsiruaatdon aanartdineenaiil

an embodiment of the invention (i.e., imagers 210, 310, 410 described
abov@artheopiigassopiynsed sysasio $edimisrdriprdued paystemstruction.
having digital circuits that could include image sensor devices. Without

being gﬁgﬁhgmslgw@#ﬁ%&mwmaemwsm%aa,%szmmre
system, scanney, machine vision, vehicle navigation, video phone, .
el TCR &5 QRS B9 RERE L e PRy A dhgsAuiced is
detecyi en, | e ilization system, and data ¢ ression

oy sten B A e, O e R e promn s

CO_m%i%%i%y%r%ﬁm?mﬁyﬁégﬁmﬁ%%d% e the panels as
microprocessor, that communicates with an input/output (1/0) device 906
over d&¢3iB6d4 above.

[0051] FIG. 9 shows system 900, a typical processor system modified to
include an imaging device' 908 constructed in accordance with an
embodiment of the invention (i.e., imagers 210, 310, 410 described above).
The processor-based system 900 is exemplary of a system having digital
circuits that could include image sensor devices. Without being limiting,
such a system could include a computer system, camera system, scanner,
machine vision, vehicle navigation, video phone, surveillance system, auto
focus system, star tracker system, motion detection system, image
stabilization system, and data compression system.

[0052] System 900, for example a camera system, generally comprises a
central processing unit (CPU) 902, such as a microprocessor, that
communicates with an input/output (I/O) device 906 over a bus 904.
Imaging device 908 also communicates with the CPU 902 over the bus 904.

The processor-based system 900 also includes random access memory

(RAM) 910, and can include removable memory 915, such as flash

16



Imaging device 908 also communicates with the CPU 902 over the bus

904. The processor-based system 900 also includes random access
Wkttt 1 TRAM) 910, and can include removable memory 915, BOthuames/024711

flash 16 WO 2006/017296 PCT/U52005/024711 memory, which also

communicate with the CPU 902 over the bus 904. The imaging device

908 may be combined with a processor, such as a CPU, digital signal

processor, or microprocessor, with or without memory storage on a single

integrated circuit or on a different chip than the processor. [00531 It

shoul SELEBr &I COTRER erERIg ekt st HRUIROR suen thelbe 904. The

methad of fabricatin imagjng devjces 210, 310, 410 illustrated in
Fle.’%‘,aﬁI%%éf%‘.”fgéggdﬂ?d? ¢ {Ehy? BRSBEIRTe st R AtcttfoBU.

of integrati imaging device comprises fabricating an array of pixels
B T AR R el whemory

in at least two pPanels an ricating a‘ rea i

panelsthemagout it vétﬁfg.galyegd@ﬂsﬂﬂ%f 40 anels, [0§o4]
The processes and dgvicles escribed above i(?ﬁstr(gt%% frr)%% erre@etlrﬁn%lr% S
and txgigaégbwi,ces of many that could be used and produced. The above

description and drawings illustrate embodiments, which achieve the

objects, fEMEARS; shdudd\enspges i the presetidnvarbiomimdaweyahdt is
not intended that the present invention be strictly limited to the
abovdresdipie dnghadius ragtaoshe dalmientsn gthermuadificgtidayithoago, 310,

presenilé unforeseeable, of the present invention that comes within the
i?njJ

spirit & ’%Ebsﬁ&aéﬁ‘iﬁ@ﬂ%ﬁv cBid S sEsuIemaRiasideree exemplary

embodimént, a method of integrating an imaging device comprises
fabricating an array of pixels in at least two panels and fabricating a
readout circuit coupled to the panel, the readout circuit enabling
‘pipelined readout of the panels. |
[0054] The processes and devices described above illustrate preferred

methods and typical devices of many that could be used and produced.
The above description and drawings illustrate embodiments, which
achieve the objects, features, and advantages of the present invention.
However, it is not intended that the present invention be strictly limited to
the above-described and illustrated embodiments. Any modification,
though presently unforeseeable, of the present invention that comes |
within the spirit and scope of the following claims should be considered
part of the present invention.

- [0055] What is claimed as new and desired to be protected by Letters

Patent of the United States is:
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part of the present invention. [0055] What is claimed as new and desired
to be protected by Letters Patent of the United States is: 17 LLOYD WISE
Claims 1. An imaging device comprising: an array of pixels comprising first I
and second panels, each panel being organized into a plurality of rows LLOYD WISE
and columns, a first side of said first panel being adjacent 5 a first side of

said second panel, said pixels of each row are organized into pairs and

€agimpair shares readout circuitry and a respective output line; a first row

decoder connected to the rows of said first panel, said first row decoder

Being adijeiteading dedeondnsiiieiogsaid first panel opposite the first side of

said first panel; 10 a second row decoder connected to the rows of said

e8I BUREPXER) SUBBHRNG I StRRD GEF BImP AER GAT B A SLORE Sfganized

of said secon el gpposite the  first side of said con? nel, said first .
ot soluRe L AL ShRrE A ATl o JERs TVl ) o Sejscen

independeaily AcHy alfar e M IR SRich i Bhand . FESaNFbRALIE!S dahized into

sample and hold circuitry connected to the columns of the first and second

panels;pang ancodarmedacsitiessannreiedrtoisgidsampispastvBaddiput line;
circuitry, said column decoder being controlled to address said sample

and firstd @irclsicgdsuchrthettpiktsl theadwstdteaid iestirstrehdaiddiatirparteisoder
and column readout of stored signals 20 are pipelined. . o
being adjacent to a second side of said first panel opposite the first side of
said first panel,

a second row decoder connected to the rows of said second panel, said second row
decoder being adjacent to a second side of said second panel opposite the
first side of said second panel, said first and second row decoders being
configured to respectively and independently activate rows within said first and
second panels;

sample and hold circuitry connected to the columns of the first and second
panels; and

a column decoder connected to said sample and hold circuitry, said column decoder
being controlled to address said sample and hold circuitry such that pixel

readout from the first and second panels and column readout of stored signals

are pipelined.

2. The device of claim 1 further comprising a plurality of multiplexers connected

between the output lines and said sample and hold circuitry.
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2. The device of claim | further comprising a plurality of multiplexers
connected between the output lines and said sample and hold circuitry.

18 LLOYD WISE 3. The device of claim 1, wherein each pair of pixels ip gy ysg

first row is associated with a pair of pixels in an adjacent row and shares
readout circuitry and a respective output line with the associated pair. 5 4.
The device of claim 3 further comprising a plurality of multiplexers

connected Hetiveasi therodtpuitdineds eauth paid Fepixple iarafinstl dogirsuatyoSated
The device of claim 1, wherein said column decoder provides first
Adidrassisoteizalel isanpIdiatetHoN endshathe fmadadgiesdly and a respective
corresponding to columns within 10 said first panel. 6. The device of

QP g NG MAR IR aRP CERIRtPEECoder provides second addresses to said

sample and hold circuit, the second addresses corresponding to columns
within said second panel. 15 7. The device of claim 1, wherein said stored

signals-gRimpise 'Gaahing ReLroRRisiHaM pRICIKSEARM BERREFE
panels. 8. The device of claim 1, wherein said pixels are CMOS imaging

pect2d Bethedmagingtdevicecampsisingarfikst and sebeictpayels of
pixels, each panel being organized into a plurality of rows and columns, a
first side of said first panel being adjacent a first side of said second
panel, said pixels of each row are organized into pairs and each pair 25

Shares TeadtiaaeLARI A ¥ RE]eride BpOdRtgder provides first addresses

to said sample and hold circuit, the first addresses corresponding to columns within

said first panel.

6. The device of claim 5, wherein said column decoder provides second
addresses to said sample and hold circuit, the second addresses corresponding to

columns within said second panel.

7. The device of claim 1, wherein said stored signals comprise reset and pixel

signals from said first and second panels.

8. The device of claim 1, wherein said pixels are CMOS imaging pixels.

9. An imaging device comprising:
first and second panels of pixels, each panel being organized into a plurality of rows
and columns, a first side of said first panel being adjacent a first side of said
second panel, said pixels of each row are organized into pairs and each pair
shares readout circuitry and a respective output line;
first means for activating the rows of said first panel, said first means being
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first means for activating the rows of said first panel, said first means
being 19 LLOYD WISP: adjacent to a second side of said first panel Loy
opposite the first side of said first panel; second means for activating the LOYD WiSE
rows of said second panel, said second means being adjacent to a

second side of said second panel opposite the first side of 5 said second

panel, said first and second activating means respectively and
independaniyiactyatingnbvigentisiaid &t st el g sedtnithpéirstIsidsarhpdéd first

and hold means for sampling and holding signals from said first and

secondP@iiel; and means for controlling said sample and hold means

such that pixel readout and 10 column readout orﬁj%erations are %igg()elined.

1053 ASRFEEHI AR RIS YR SFiSHY EPRIFLRRNGH FRIfipRRar means
o ckiho SeEh A UMHI IER B1C:RPLL CANRIE AN INGD B it S of

11. The de eln each pair o sinafirstrow Is

associajgl Wik Balichl SeiRdNAR SEUBRETIAMMARRIMERBAUNY and

circuitry and a respective output line with the associated pair. 12. The

device pideleendidatiusbeatanigngtaipkuialitysobrilsiplexe rmarils;

connected between the output lines and said sample and hold means. 13.
Theadenizerof tddnmeangioreiarsaiident bhidiponsianal s b risés fast elotraecond
decoder that provides first addresses to said sample and hold circuit

means P3REfitBfaddresses corresponding to columns within said first

B?d%%aé%séi%-r Fo x%\g”ggig fsglnaﬁup e %%Uvﬁg%r%gasnas!%l?&ﬁmaq &98?%%%%*: and

column readout operations are pipelined.

10. The device of claim 9 further comprising a plurality of multiplexers connected

between the output lines and said sample and hold means.

11. The device of claim 9, wherein each pair of pixels in a first row is associated with a
pair of pixels in an adjacent row and shares readout circuitry and a respective output

line with the associated pair.

12. The device of claim 11 further comprising a plurality of multiplexers

connected between the output lines and said sample and hold means.

13. The device of claim 9, wherein said controlling means comprises a
column decoder that provides first addresses to said sample and hold circuit means,

the first addresses corresponding to columns within said first panel.

14, The device of claim 13, wherein said column decoder provides second
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20 LLOYD WISE addresses to said sample and hold means, the second
addresses corresponding to columns within said second panel. 15. A

processor system comprising: 5 a processor; and an imaging device LLOYD WISE

coupled to said processor, said imaging device comprising: an array of
pixels comprising first and second panels, each panel being organized

into a plurality of rows and columns, a first side of said first panel being
adrheostatfirstididenndsaddsbebind geanseths secpixt ddfasmels rowesr@idding to
organized into pairs and each pair shares readout circuitry and a
EpBeavetingRid HeSCR%IPRwW decoder connected to the rows of said

first panel, said first row decoder being adjacent to a second side of said
first panel opposite the first side of said first panel, 15 a second row

3%pode/g\ gp&é%%e(dset/gtg}ﬁ 58W§r%fir§ 'id second panel, said second row
e

ecoder being adjacent to a second side of said second panel opposite
theyflcelgip fpaid second panel, said first and second row decoders
being configured to respectively and independently activate rows within
saigh firsiyanyddescencbppieel$o 20idanopéssordsaadroagingryeocmectetiting:
the columns of the first and second panels, and a column decoder
connected to ai@rsanmileixgid sRIMPesiBaifipt sarlseeNhRaINetd RACHAIARE! being
controlled to address said sample and hold circuitry such that pixe

addh . . ol
rendouP AR RIS UV BS SAEERa A i, Pbpaid first pane

being adjacent a first side of said second panel, said pixels of each row are
organized into pairs and each pair shares readout circuitry and a respective
output line,

a first row decoder connected to the rows of said first panel, said first
row decoder being adjacent to a second side of said first panel opposite the first
side of said first panel,

a second row decoder connected to the rows of said second panel, said
second row decoder being adjacent to a second side of said second panel
opposite the first side of said second panel, said first and second row decoders
being configured to respectively and independently activate rows within said
first and second panels,

sample and hold circuitry connected to the columns of the first and
second panels, and

a column decoder connected to said sample and hold circuitry, said
column decoder being controlled to address said sample and hold circuitry such
that pixel readout from the first and second panels and column readout of

stored signals are pipelined.
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25 stored signals are pipelined. 21 L..1.OiYD "WISE 16. The system of

claim 15 further comprising a plurality of multiplexers connected between

the output lines and said sample and hold circuitry. 17. The system of LLOYD WISE
claim 15, wherein each pair of pixels in a first row is associated 5 with a

pair of pixels in an adjacent row and shares readout circuitry and a

respective output line with the associated pair. 18. The system of claim

1% furtidrecorsignsiofgcipiutalitytbémeattiptekey saqoareditted nodtvlesarsheonnected
output lines and said sample and hold circuitry. 10 19. The system of

daivees theHarut darp @1l isrictRaBBIer N YRIE<Tiesitriddresses to said

sample and hold circuit, the first addresses corresponding to columns
within said first panel. 15 20. The system of claim 19, wherein said column

q990def%§ygt13§1 5N, ?@!?ﬁéﬁeﬁﬁ é%&?nb%ﬁad]“gﬁ‘?eﬁéﬂg Q%‘ét‘%jéﬁﬁ%’ g%'gooiated
second addresses corresponding to columns within said second panel.
SHNTNERYSIBRM FHalMabipa WREIGIN-FRIdIRIRIS Heaigh@! S iR TiFRI I8 RS pective
and pixel 20 signals from said first and second panels. 22. The system of
caipotibewhieréia sasbgatetspeomprise CMOS imaging pixels. 23. A
processor system comprising: 25 a processor; and an imaging device

coupled to said processor, said imaging device comprising: 22 LLOYD

WISE
18. The system of claim 17 further comprising a plurality of multiplexers connected

between the output lines and said sample and hold circuitry.

19. The system of claim 15, wherein said column decoder provides first
addresses to said sample and hold circuit, the first addresses corresponding to

columns within said first panel.

20. The system of claim 19, wherein said column decoder provides second
addresses to said sample and hold circuit, the second addresses corresponding to

columns within said second panel.

21. The system of claim 15, wherein said stored signals comprise reset and pixel

signals from said first and second panels.
22. The system of claim 15, wherein said pixels comprise CMOS imaging pixels.

23. A processor system comprising:
a processor; and
an imaging device coupled to said processor, said imaging device comprising:
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a plurality of panels of pixels, each panel being organized into a plurality
of rows and columns, a first side of one of said plurality of panels being
adjacent a first side of another of said plurality of panels, said pixels of
each row are organized into pairs and each pair shares readout circuitry LLOYD WISE
and a 5 respective output line, first means for activating the rows of said
one of said plurality of panels, said first means being adjacent to a
second side of gaunlatityeodbhaasdspl raligls oéaphnelsed ppositertaeifiest istdeagfiurality
said one of said plurality of panels, second means for activating the rows
of anotRérayfssaid srRikaNtg of IGiRige R ersdteaisndumitne peirgls being
adjacent to a second side of said another of said plurality of panels
opposiRUAES? Lighss iAo SPELRHARPARY RANBISnERd Sialsirdieach
and se?ovr\}daraectlyaémge@ NS rf?g%e |veI aglg |rrl]g(raé)serré%%ntl f'l;}gal atlnrgj a
rows within-said Bne and AROter of Sait plural panels, sample R
hold meaysfor,samplipg-nd holding signals from said one 15 and
another of said plurality of panels, and means for controlling said sample
and hold mearigssHeintiaabphaivatag g @k eolsumnoieadDsEio PRIBIBNGT panels,
are pipelined. 23

said first means being adjacent to a second side of said one of said plurality of

panels opposite the first side of said one of said plurality of panels,

second means for activating the rows of another of said plurality of
panels, said second means being adjacent to a second side of said another of
said plurality of panels opposite the first side of said another of said plurality of
panels, said first and second activating means respectively and independently
activating rows within said one and another of said plurality of panels,

sample and hold means for sampling and holding signals from said one
and another of said plurality of panels, and

means for controlling said sample and hold means such that pixel

readout and column readout operations are pipelined.
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