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[ 0001] The present | ti I ' ' ifically,
t he preselﬁWBMd%%&q%%gmhﬁ}mC%%mﬁ@T %’PE@"Z@?@% anal og
to digital conversion for an imaging system BACKGROUND OF THE | NVENTI ON
[0002] Fig. 1is an illustrat iSQL]g?S"EAﬁCE’Ié&EBe pi xel sensor (APS)

i mgi ng system 100. The system 100 includes a pixel array 110, shown in
Fig. 3 as i ncThidiapplicetionwlaime bekdit of UX. dnovisiopdlukppilicatyoroNopd3(al 51V arr anged
into an array 111 having Nrows and M colums. |If system 100 is a col or

system fifza@ Miguel 57, Bowpuhélcdifteriad &/hseyis ifdovwrited hirein ipriisratiyetgbyor s of red,
green, or blue, and would typically be arranged in a Bayer pattern in

whi ch al ternating rows are conprised of alternating green and red pixels
and alternating blue and green pixels, respectively. [0003] Fig. 2
illustrates one exenplary architecture for a pixel P. The pixel P includes
a photosensitive elenment, such as photodi ode 210, which converts opti cal

energy into an 21 Cctober 2005
FIELD OF INVENTION

[0001] The present invention relates to imaging systems. More specifically, the
present invention is related to an architecture for high speed analog to digital conversion

for an imaging system.
BACKGROUND OF THE INVENTION

[0002] Fig. 1 is an illustration of a CMOS active pixel sensor (APS) imaging system
100. The system 100 includes a pixel array 110, shown in Fig. 3 as including a row
decoder 112 and a plurality of pixels P arranged into an array 111 having N rows and M
columns. If system 100 is a color system, the pixels P would be made sensitive to the
primary colors of red, green, or blue, and would typically be arranged in a Bayer pattern in
which alternating rows are comprised of alternating green and red pixels and alternating

blue and green pixels, respectively.

[0003] Fig. 2 illustrates one exemplary architecture for a pixel P. The pixel P includes

a photosensitive element, such as photodiode 210, which converts optical energy into an



el ectrical signal. The photodi ode 210 is coupled to node-A which is also.
coupled to a source/drain termnal of transistor 220. The transistor 220
has anot her source/drain termnal coupled to a Vdd potential source and a
gate coupled to receive a read signal. Node-Ais co@dl%"&"btebzqqffe gate of a
source follow ng transistor 230, which has one source/drain term nal
coupled to the Vdd potential source and another source/drain term nal
coupl eckl¢amricul signak €The photddiods Bh isdoupladore noderd, srhdeh Eadso qrpladotg 2
transistor 240 has its gate coupled to a RONcontrol signal, and its other

sour ce/ g%?éggd}ﬁﬁ Heghat SRRl 26 THY Rikistdr B2 Aorhadufte/HOAR4] The

pi xel F§ uces a voltage at node-A'related to the brightness of the |ight

sensed by the photosensitjve elenment 210, The vol t age at .node- rols
e outtgARIna COTRMERL T Slck PR R SoMtee A G716 COPPIREIBrLES Frod SRl
transi stor 230. A row transistor 240 controls, via the ROVNsignal on |line
260, WNbdeA it beuplat potrhe fgatehsf sauiraefollowinmgveransisuoa2Si0s winiclplss dnse coupl ed
to the output Iine 250 at node-B. The output line 250 is also coupled to

ot her pi.xel .| ' - oy didin i N

Qi1 or SRlifEkdbaid B A@ﬁﬁ#@%@ﬁ@%?ﬁ%@ﬁ%ﬁgﬁg?ﬂ ORRY sl i pi xel
Pis only one exenplary architecture of a pixel. As,i |1 known, there
are s ewawmmgm 2 BPBICE{ drainy Fsmiag] jof 3PPy CRRSIStRF %gﬁsﬁerfﬂvm&t?%os e

which utilize, for exanple, reset transistors and output a differential
si gnal BoNRkiisigage sowsled ¢o 2 RIDW conmplaipmil, antitaotles sbusiegdedin cwmpnaent .
[ 0005] Referring back to Fig. 1, the electrical signal output by the pixel

P are %ggb%§ tgf#ﬂé@bﬁt P98 2ingnale are subsequently processed and

digiti anal 6g processing and digitization circuit (botton)
120b or anal og processing and digitization circuit (top)

[0004] The pixel P produccs a voltage at node-A related to the brightness cI)f the light
sqnscd by the photosensitive element 210. The voltage at node-A controls the output at
node-B by controlling the gate of the source follo“fing transistor 230. A row transistor
240 controls, via the ROW signal on line 260, whether the output of the source follower
transistor 230 is coupled to the output line 250 at node-B. The output line 250 is also
coupled to other pixels P in the z;.rray 110 having the same column position but in different
rows of the array. It should be noted that the illustrated pixel P is only one exemplary
architecture of a pixel. As is well known, there are several different architectures suitable
for pixels, inclu'th'né those which utilize, for example, reset transistors and output a

differential signél comprising a photo signal component and a reset signal component.

[0005] Referring back to Fig. 1, the electrical signal output by the pixel P are analog
signals. These signals are subsequently processed and digitized by either analog processing

and digitization circuit (bottom) 120b or analog processing and digitization circuit (top)
2



2 21 Ogtober 2005 120t. The circuits 120b, 1201 convert. the anal og signal
into an equivalent digital signal and conveys the digital signal, via data
bus 181, to a digital processing and storage system 130, for further
processing in the digital domain (e.g., color interp&ﬂé?*@ﬁvxgﬁd storage. A
control circuit 140 coordinates the activities of the pixel array 110,
anal og processing and digitization systens 120b, 1201, and digital

processi n@land’lst drcage 1305] EM0clcthveitahe anilbg signblinitd 82 eqhidala} digied signils a
nore detailed diagramof the pixel array 110 and the anal og processing and

di gitizaty . o | ry av. i r 11
of pi xel tgh%rkgﬁlﬁé}ﬁ{gﬁ%?gl&é%@&’fﬁ Q%Rgé )rfg\ilxi %e%%@]ﬁrfﬁ% el ve%glz-i cg@&rﬁ
address fram. for exanple, control circuit 140 on signal |line 113. The row
decoder 189, GerBerbsr prcessing inaieigisalalamain (¢ gacoorinRTPOAHon) urdsterassy A 11

by driving one of the signal lines 260 to a high logic state while
mai Nt ai nicogtrbheiratih®40 soomkhates thesacZbRicabf the Fivelladaiy0al0, sh#lbg pro@AGHE akdch
anal og processing and digitizing circuit 120b, 120t is contain a plurality

The' canpl 12 o Srbi A0 120 AoRRaR: SRl Porsfe sBERAACHT s,

output Ijne_250 of the pixel array. Mdre specifically, the sanple-and-hold
circuitsP¥9182n the bottomcircuit 120b are coupled, via lines 250, to odd
nunbered col ums while the sanple-and-hold circuits 121 in the top circuit
1201 are coupled, via lines 250, to even nunbered colums. Each

SaD!e- AN O CREEUL, 1okl odlAoaSGUR St it 9A8) 10 bERnllogr DOt tOm
processing and digitization systems 120b, 120t. The pixel array 110 includes an array 111
of pixels P and a row decoder 112. The row decoder 112 receives a row address from, for
example, control circuit 140 on signal line 113. The row decoder 112 decodes the row

address and activates one row of the array 111 by driving one of the signal lines 260 to a

high logic state while maintaining the U‘iilcrlsigna.i lines 260 at a low logical state.

[0007] Each analog processing and digitizing circuit 120b, 120t is contain a plurality
of sample-and-hold circuits 121 and an analog-to-digital converters 123. The sample-and-
hold circuits 121 are each coupled to a respective column output line 250 of the pixel
array. More specifically, the sample-and-hold circuits 121 in the bottom circuit 120b are
coupled, via lines 250, to odd numbered columns while the sample-and-hold circuits 121
in the top circuit 120t are coupled, via lines 250, to even numbered columns. Each
sample-and-hold circuit 121 s also coupled to signal line 122b (for bottom circuit 120b)

or 122t (for top circuit 120t) for receiving control signals SHEb and SHEt, respectively.



or 122t (for top circuit 120t) for receiving control signals SHEb and SHEt,
respectively. 3 21 Cctober 2005 The state of control signal SHEb and SHEt
determ nes when the sanple-and-hold circuits 121 sanmp & @rl)d 2(%5(1 their

i nput signals. [0008] Each sanpl e-and-hold circuit 124 $4°%L&%C ated with a
correspondi ng anal og- to-digital converter 123. Each anal og-to-digital
converter 123 accepts as its input, the signal output by a respective
sanpl e- - d_gj Iyt ac E%gg hé&s ARME, ofd aesent S,
on si gngﬁgf :&%gc ?géé)[&tj Ié’%&é&@ﬁ%fﬁ#% %Ir&?i:%nal Iidrllﬁ.a%%%lt (for top
circuit 120t), control sjgnals ADEb, ADEt, respectively, for determ ning
when to Jp%lfﬁ%ﬁmc apﬁémi@&h@gmwtaﬁ al conversion. [0009] Now al so
referring to Fig. 4, the operation of the pixel array 110 and the top and
bott om anal og processing and digitizing circuits 120b, 120t can be

expl ain e ocess begin en t.-ne,y ow r . . .
addr esse[g}p@\-gaous P@“@&Pﬁﬂ]ﬂ?“égﬂ%ﬁ”@?‘éﬂﬁpm %e@‘%%@ “él}]#% F%‘gg%%g&b@ t Ee £
signal lines 260 to a high |logical state and setting the other signal

| i nes 26©-digital ¢awertoyi 23l Eathaeﬂogﬁbsdlggﬂr@ﬂlvé@@léh??r ACCEPTS. 2 AU AP YL, B30y
signal going high for "rowi." As previously explained with respect to

Fig. 2 5%&[?'&11 d E@I\é the GRAbleakikPhoRVG AT 1B 0Bhghiindbg theligitat ebnrtey
be coupled to %pﬁfﬂli ecs 250.bThus, pi xels P correspond%ng to odd

c o dutpt [ hes _ | _
Campl o ohAR HOPRSy Ptgtalos 103 G55k b el PABE st B¢ 1P8000F

corresponding to even nunbered colums in row i have their outputs C%Jpl ed
to circuit 120t), control signals ADEb, ADET, respectively, for determining when to perform

the analog to digital conversion.

[0009] Now also referring to Fig. 4, the operation of the pixel array 110 and the top
and bottom analog processing and digitizing circuits 120D, 120t can be explained. The
process begins when the row decoder 111 decodes a row address previously supplied on
signal line 112 by setting one of the signal lines 260 to a high logical state and setting the
other signal lines 266 to a low logical state. This is reflected in Fig. 4 by the ROW signal
going high for “row i.” As previously explained with respect to Fig. 2, enabling the ROW
signal also causes the output of the pixel P to be coupled to output lines 250. Thus, pixels
P corresponding to odd numbered columns in row i have their outputs coupled to
corresponding sample-and-hold circuit 121 (at bottom circuit 120b), while pixels P
corresponding to even numbered columns in row i have their outputs coupled to

~ corresponding sample-and-hold circuits 121 (at top circuit 120t).



correspondi ng sanpl e-and-hold circuits 121 (at top circuit 120t). 21

Cct ober 2005 [0010] The top 120t and bottom 120b circuits cooperate and

si mul t aneously process a single row The signals SHEbh and SHEt, which were
l ow, go high sinultaneously with the ROWSsignal goi rfd TG %Ki s enabl es

t he sanpl e-and-hold circuits 121 in the bottom and top circuits 120b to
sanpl e-and-hol d their correspondi ng pixels signals. [0011] The signals SHEb

and SHEt [oma%] aremrc%ﬁmzdt%d B¥trdrR 130B RirBiitd bsopeadteafid sifsltdhebaslg praudss S
have buffered the pixel output and nake avail abl é the buffered signal to

t he anal Qg-t 0-di gi tal conye s 1 00121 Shortly t e b
and ADet opigle e e SO SRR greh e e ) B phitineobll w2
anal og-to-digital converters 124 in the bottomand top circuits 120D,

120t . ThaheoBLIWrsighad gging kighn Thie cnabits| the arropleoind-bpideairaudts 121 in ghe befAModd
and even pixels are converted into a digital signal. The ADEb and ADEt

si gnal s &GAERoYEirAAE&K1 20D o bRPIRlanGShdldehdlt Bbdradpodalrid pikeldBigRaigvai | abl e to
the digital processing and storage system 1307 (signified on Fig. 4 by the

"rowi" on signal Iine DATA), the process repeats wth the next rowin the
array (i.e., rowi+l) as indicated by the RONsignal going high for row
i +1. Thi §0Qildcess The signabtSIEbnhd|SHRcthen ave brovghe lawr dyt thispdistahe tshmple-
processed. At this point, each pixel Pin the array 110 has been processed

and t he ) : f f r. 3 . ve
Gescri bor ook e it aye LRRELF thediky S nd HREC AR ot BRI Jhatis
mechani sgqfor convg{ti ng the an?I 0g signal output by each pixel P in the

array 116 3pplpggto-digital converters 124.

[0012] Shortly thereafter, the ADEb and ADEt signals, which were low, go high.
This enables the analog-to-digital converters 124 in the bottom and top circuits 120b,
120t. The buffered signals in the sample-and-hold circuits 121 for both odd and even

pixels are converted into a digital signal. The ADEb and ADEt signals then go back low.

[0013] As the digital data is made available to the digital processing and storage
sygstcm 130 (signﬁcd on Fig. 4 by the “row i” on signal line DATA), the process repeats
with the next row in the array {i.e., row i+1) as indicated by the ROW signal going high for
row i+1. This process is repeated until each row in the array has been thus processed. At
this point, each pixel P in the array 110 has been processed and the process may be

repeated for another image frame.

[0014] The above described apparatus and methed therefore provides for a high speed

mechanism for converting the analog signal output by each pixel P in the array 110 into a



5 21 COctober 2005 digital signal, where it can be digitally processed and
stored by the digital processing and storage system 130. However, sone

applications, such as high speed phot ography, slow t] filpng, or even
information retrieval froma hol ographic nmenory syst %(b‘g‘ai?f%&g faster

pi xel digitization. Accordingly, there is a need and desire for high speed
architecture for performng digitization in an inmagi ng system SUMVARY OF

THE | NVENTiRIEN il Shhekb e ineiseaizitally ?fﬁ&c&_@d lafid dtdﬁ&%&%@;{gpg&wﬂm

architecture for performng digitization in an inmaging sys In a System

of the pr | lnony the pixel array. is associated wi,th a top a

bot t om iy S8 sHE I30n daler? e sRpfiGHions, sTof oS it pert phfot SRt Ao
circuits are each coupled to both even and odd pixels. Thus, instead of

di vi di ng MPHen SAmings onAverhisiformatibriegiicvat fom phokesrsphig nadmary systdmareduiee en
pi xel s of the sane row, in the present invention, the top and bottom

sections el di i dbd f @&Hifg@%h i Lxal i ' Rk
manner. [001 Thegi?%:ri&e%%i %g and © ’he?;ca%eglﬁfggég dﬁ%&%pﬁ%@g@c%ﬁ?ﬁe ©

i nventio .l l- becong ..note apparent. fromthe detail ed description of
exenpl ar 30%%%Wﬁ{5§998?“f% ERNt&B& Y Pen below with reference to the
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS 6 21 Cct ober 2005

SUMMARY OF THE INVENTION

[0015] The present invention is directed to a high speed architecture for performing
digitization in an imaging system. In a system of the present invention, the pixel array is
associated with a top and bottom analog processing and digitization circuits. The top and
bottom circuits are each coupled to both even and odd pixels. Thus, instead of dividing
the sample-and-hold and digitizing processing along odd and even pixels of the same row,
in the present invention, the top and bottom sections each work on different rows of the

pixel array, in a pipelined manner.

| [0016] The foregoing and other advantages and features of the invention will become
more apparent from the detailed description of exemplary embodiments of the invention

given below with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS




[0017] FIG 1 is a block diagramof a prior art image processing system
[0018] FIG 2 is a block diagramof a prior art pixel for using in the

i mge processing system [0019] FIG 3 is a detailed bl(ﬁcé: di@(%r am of the
pi xel array and the bottomand top sections of the et d b essing and

digitization system [0020] FIG 4 is a timng diagramshow ng the
operation of the apparatus illustrated in FIG 3; [0021] FIG 5 is a block
di agr am[®01&} i ek Beetslotindiagysh efin pewenet iRthge proteesing epstarh; | nvent i on;
[0022] FIG 6 is a block diagram of a pixel array and anal og processing and
digitization systemin accordance with the principles of the present
i nventi 3@ %?023] FIG 7 is a timng diagramshow ng the operation of the
appar at 480181 ust BiGe@ isiarblekaliagrang o2 prioEags pigelifer wsineimthesithage quicassingr am
of a hol ographi c storage device using the anal og processing and
di gi ti zaydtem; systemin accordance with the principles of the present
invention; and 7 21 October 2005 [0025] FIG 9 is a detailed block diagram
of an alternate enbodi nent in accordance with the principles of the present
i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[0019] FIG. 3 is a detailed block diagram of the pixel array and the bottom and top

sections of the analog processing and digitization system;

[0020] FIG. 4 is a timing diagram showing the operation of the apparatus illustrated

in FIG. 3;

[002]1] FIG. 5 is a block diagram of an image processing system according to the

present invention;

[0022] FIG. 6 is a block diagram of a pixel array and analog processing and

digitization system in accordance with the principles of the present invention;

[0023] FIG. 7 is a timing diagram showing the operation of the apparatus illustrated

in FIG, 5;

[0024] FIG. 8 is a detailed block diagram of a holographic storage device using the
analog processing and digitization system in accordance with the principles of the present

invention; and



[0026] Now referring to the drawi ngs, where |ike reference nunerals ‘
designate |like elenments, there is shown in Fig. 5 an portion of an imaging
system 500 incorporating the principles of the present _invention. The

i magi ng systemincludes a nodified pixel array 110" {?<PPe §°®oupl ed to a
nodi fied top and bottom anal og processing and digitizing circuits 120a',
120b' . Wile the description of the invention uses terns such as "top" and

"bot t ont' 1§ si gppke LAk g &L GUi: ski ' g 1eal] at
(hese schode™ SRRSCOIEREEBIRIS R s i oy dflfl LEAL oLl
bottom of .t he pi xel| arrﬁ , but can be |ocated anywhere convenient on an
i magi ng SHiRghepsncinles,e é‘csﬂfﬁe@ﬁ%@ﬁoﬂﬂcl udes a digital processing and
storage system 130. As with inmaging system 100 of Fig. 1, the pixels in
the pixel array convert light into analog electrical signals which are
digitized by the analog processing and digitizing circuits 120a', 120b'
and further processed and stored in the digital domain by the digital
processi ng and storag em . Q27 L r d. enbodi nent ,
t he anal og processing ..i'% %gﬁﬁﬁgﬂbﬁgﬁﬁwsh}e coupled to
the digital processing and storage systemvia data bus 181. Simlarly, a
control | g02k40 | SNeRURIGHnkG ol e RRAhRY WHQE BRE rBBrRE ndkiidll a&sﬁ@ iehftd fikd!i 1S
120a', ZOZbgﬂ, t he pi xel a?ﬁaoy 110", gﬂd the di g’ji tl(;ll prnoceésf ng ‘and storage
system 130 via g control bus. 182. However., i.t shoul d be cogni zed t hat
cont ol - Sena, Shedf B i Eige SAPHACEHGR OF 0 ds BRE- VBT SR BSCRATTR e
between the conponents of the imaging system 500. For exanple, instead of
separ at eptiztiplenofitteqresalt ibveeion. dllsd impdging systemmyindedessethodifiedapixel abmay h
data and control

110’ which is coupled to a modified top and bottom analog processing and digitizing

circuits 1202’ 120b’. While the description of the invention uses terms such as “top” and
“bottom” to designate separate circuits, skill artisans would realize that these separate
circuits need not be physically located at the top and bottom of the pixel array, but can be
located anywhere convenient on an imaging chip. The imaging system also includes a
digital processing and storage system 130. As with imaging system 100 of Fig. 1, the pixels
in the pixel array convert light into analog electrical signals which are digitized by the
analog processing and digitizing circuits 120a’, 120b’ and further processed and stored in

the digital domain by the digital proccssing and storage system 130,

[0027] In the illustrated embodiment, the analog processing and digitizing circuits
120a’ 120b’ are coupled to the digital processing and storage system via data bus 181.
Similarly, a controller 140 is coupled to the analog processing and digitizing circuits 120a’,
120b’, the pixel array 110, and the digital processing and storage system 130 via a control

bus 182. However, it should be recognized that control and data signals can be differently
8



signals. Alternatively, control and/or data signals may be routed by
point-to-point links as necessary, fromcircuit to circuit, or circuit to
system [0028] As shown in Fig. 6, each anal og proces 1i6|cg an%0 (;Jli gitizing
circuit 120a’, 120b° comprises a plurality of a sanf'€SHE ABId circuits
121 and a plurality of analog-to-digital converters 123. The

sanpl e-and-hold circuits 121 are ch_coupl | “adl0of

associ ‘é?%‘ff%ﬂ’%@f?@’&t‘ﬁ%&o@(ﬂo&?ﬁé %fftﬁwr;z%gl.gg sfsger%‘%e(ﬂj;;rgggen |ﬂrlld\:725sﬁtti on, the

sanpl e-and-hold circuits 121 of both anal og processing .and digitiz
Rorustsa sed confolm

. L.ng
Ci r cui $epatfi®datahadironarcd bustsp ksthglobupman be decdh FRICETE s of
the array 111. Each colum al so has a sanple- and-hold circuit 121 at both

the toﬁﬁ.g%ilt}nﬁﬁ%l Ot 28 1(ahROtyr)dabd sigis 98y BERosedibepoibotophintdiokuan by

a respe I ne 2507 Each sanpl e-and-hold circuit 121 is also coupled to

signal |ine 1%@‘ or, circuit 12Qb') or thZa (for circuit 120a') for
recei VPFHGSEEH L 4p SroaieQr O Pespecti vel y. The state of

control signals SHEa, SHEb determ nes when the sanple-and-hold circuit 121
sanpl es-and-hol ds its input signal. [0029) Each sanple-and-hold circuit 121

|5 asspEiAbed WAL thofnf B RS BOREIT halAb Rz 4 dltighlziag Rl 20032B208ach

anal og: i gi t'al convert acce as its input, the signal output by
Ccopt SOmBFSS AgURtEY PSRl FLROGICEHT LEboas sofrba ST ARG 4B 1500
T macia iy Tt s b s e S 3 5 ™

associated a respective columns of pixels. In the present invention, the sample-and-hold

circuits 121 of both analog processing and digitizing circuits 1202, 120b’ are coupled to

both odd and even numbered columns of the array 111. Each column also has a sample-

and-hold circuit 121 at both the top (120a’) and bottom (120b”) of the column coupled to

the column by a respective line .250.‘ Each samplc-ana-hold circuit 121 is also céuplcd to

signal line 122b (for circnit 120b’) or 122a (for circuit 1202’) for receiving control signals

SEIEa and SHED, respectively. The state of control signals SHEa, SHED determines when

the sample-and-hold circuit 121 samples-and-holds its input signal.

[0029] Each sample~and-hc:;1cli circuit 121 is associated with a corresponding analog-
to-digital converter 123. Each analog-to-digital converter 123 accepts as its input, the
sigﬁal output by the sample-and-hold circuit 121. Each analog-to-digital converter 123
accepts, on signal lines 124a (for circuit 120a) or 124b (for circuit 120b) control signals
ADEa, ADED, respectively, for determining when to perform the analog-to-digital

CONVErsion.




[ 0030] Referring again to Fig. 6 and to the timng diagramof Fig. 7, the
operation of the nodified pixel array 110" and nodified anal og processing
and digitizing circuits 120a', 120b' can be explained._ The cess beings
when the row decoder 112 decodes a row address prevﬁHd@ﬁ?még lied on
signal line 112 and sets one of the signal lines 260 to a high | ogical

st at e. t herg S | NEeSw.260 ar so. set to al Jogigal state. Jhis
oo (1R0R0E" TR I sl iR ot Uil it b Puffiomtiiich g
ROW si %Bal gcggs hi gh, the output frompixels in the decoded row (i.e., row
i) ar e e ImIHEFed pixcharraud Hitand medifizganalogiprocessingl dnd digitizing-Eincuitsghd{a’,
which was low, is also driven high. The SHEb signal remains |low This

enabl ed 20b& cambpleplaitddh At Froteddibeingh Whdntheirbtddcod@OR1 2 deSsHERlaSoand-
hold all the pixel signals of the decoded row. [0031] The ROW signal then

transi i | ow, | oai cal (.St as the co ol. cjgcuit 140 sends a
new r O\t/avag%ésr Eg‘?ﬁf‘}g& ﬁ]@ P ﬁ%%agt%“&ielmﬁ? aﬁaéﬁmt% Ogi&l:/\F alggﬁfdléqcs ?P?l o3 ﬁﬂg?hes
decoding .the row address, it drives signal line 260 corresponding to the
decodedPEicastate. dhe athey sigme) linegy P60 are gm sctith@ lowHegicsl syarel Thinsgesaed o a
| ow | ogi cal state. This is reflected in Fig. 7 by the row signal going

i gh f it Fig Gby de ROW sighal ¥ME Siigh fdr 98451 Mstihe'ROW fifnhl'goes igh AREa and
SHEb signals are driven high. The APEb and SHEa signalS renain Tow

Drivin ' auses fhe.anal og-to-digital converters 123 pof l.rcuit
vo0n: | PuBEt An SRR dSIRTR U ey i B 4 sobaldite B auisitdnes 2801 (o 121
(of circuit 120a') to a digital signal. Driving SHEb high causes the
sanpl eddrAtanslly, dierPdEe signal? which wes nw,tis 280 kriven bighp| FhaStiEiokigndl | t he
pi xel signals of rowi+1. 10

remains low. This enables the sample-and-hold circuits 121 in circuit 120a to sample-and-

hold all the pixel signals of the decoded row.

{0031) The ROW signal then transitions back to a low logical state as the control
circuit 140 sends a new row address to the row decoder 112. When the row decoder 112
finishes decoding the row address, it drives signal line 260 corresponding to the decoded .
row (i.e., row i+1) high and sets the other signal lines 260 to a low logical state. This is
reflected in Fig, 7 by the row signal going high for “row i+1.” As the ROW signal goes
high for row i+1, the APEa and SHED signals are driven high. The APEb and SHEa
signals rernain low. Driving APEa high causes the analog-to-digital converters 123 of
circuit 120a” to convert the analog signal held in the sample-and-hold circuits 121 (of
circuit 1202’) to a digital signal. Driving SHEb high causes the sample-and-hold circuits

121 in circuit 120b to sample-and-hold all the pixel signals of row i+1.

10



21 Cctober 2005 [0032] The ROWsignal then transitions back to a | ow

| ogi cal state as the control <circuit 140 sends another row address to the
row decoder 112. \Wen the row decoder 112 finishes the row decoding, it
drives signal |ine 260 corresponding to the decoded r&dvPeteler@ood oy i +2)

hi gh and sets the other signals 260 to a | ow | ogi cal state. ThIS S

reflect 0032] Fi The ROW bigfial @i¢h Ha88itions Brél0td A B {6ical 5@ dsithe coddol he ROV
si gnal goes |gh for row | +2, the data converted by the digital-to-anal og

convert t 120a', ,are Q ut fle Le row i
bl ock o%ﬁ?lﬁéa% .Iss\n Fr fﬁv&ad‘%{cssltﬁ ‘ﬁ&%"‘f".%‘?ﬁ"? H‘% {d‘@'lcgtﬁ g cg@%ﬂt r ol
si gnal s _SHEa and ADEb are both driven high. This causes the sarrpl e- and-
hol d ci Ad&ifinishes thetowidecoding, iz daives signad dipk @6xprtesponding toithe Heeadgdapw

fromrowi+2. This also causes the digital-to-analog converters 123 of

ci reui f (0w i0) Qﬁ%&%ﬂ‘sﬁe&%fe oﬁiéﬂ's{g%'als TS ﬁiv@[begu{a@gﬁ?d Thie i crednal

then transitions ba to a Iow ogi state as the control <circuit 140

i i shotil heby B RICHRPAGEOE Han GEorav gt A FRGRLND Srnymbt REETOERhY

with respect to rowi+3. Control signals APEa and SHEb are both driven
hi gh, t b by dparapnyeited byltbe digitabté-agalagdonuvtrtimg 28foficiranit $30atate ohgput.
out put of data corresponding to row i+1. [0034] Note that the above

descri pThiaNs ASREERELY B rdW PLRIER GRS Be TARA 1Ml dY FigW) In ha¢u6art6%e data
operation, the process shoul d begin wth the first row row i was not

the firgt, row, na oes hi OWI si gnal ADEDb
w1 ol GBS A e g MaEb dro beaar e clhif Blses st B Bls 87T or
row i+l the data corresponding to row

hold circuits 121 of circuit 1202’ to sample-and-hold the pixel signals from row i+2. This

also causes the digital-to-analog converters 123 of circuit 120b’ to perform their digital

conversion.

[UOSS] The ROW signal then transitions back to alow logical state as the control
circuit 140 sends another row to the row address decoder 112. When the row decoder
112 finishes the row decoding, it drives signal lines 260 as discussed above with respect to
row i+3. Control signals APEa and SHED are both driven high, thereby permitting the

sampling-and-holding of row i+3 and the output of data corresponding to row i+1.

[0034] Note that the above description assumes that the process began with row i. In
normal operation, the process should begin with the first row. If row i was not the first
row, then when the ROW signal goes high for row 1, signal ADEb will also be driven high,

and when the ROW signal is again driven high for row i+1, the data corresponding to row

11



11 21 Cctober 2005 i-1 will be available. In Fig. 7, the signals associated
t he above described events are showp as dotted lines. [0035] The present

i nvention therefore nodifies the top and bottom anal %g cﬁJrOCJﬁ@’gi ng and
digitization circuits 120a', 120b' to become capabl e BFPFBES Y ng si gnal s
fromboth odd and even columms. Processing throughput is doubled by using

one of ihhgy) Ec%a%ﬁlg.uf[ﬁ%ié.zﬂ%c "s%pﬂ,@'ﬁ&b&a&!&jdﬁoi%vé deSitRl cboeslase $hovni | e
anot her circuit Ob" perforns digitization on a previously

sanpl edsagghgﬁlad row. In this manner, at any given tinme one

sanpl e# ircuit is active and one anal og-to-digital conversion is

al so active. This pipelined approach requires the row decoder to operate
twice as fast as before, but permts the data conversion at doubl e speed.

90301 [0838Y o7 N8 phedBRl Silenbif L @R SREELCIARIBH ST MR Bfale 20l 11 @

vari et 'ONs,” 1'nc ng, for exanp reading a gr aphic

nenory system Fiq. 8 is an illustration of how the {maging system 500 of
the pr Bmssmg]mgagmzw geenifsil20e's 4 20P1 10 Becarme 6 ?%%%WB%W%’% em
800. The hol ographic nenory system 800 includes a |laser 801 for generating

a ref efreRt Both dd ahe ameRcoliftst gfretasing thraghpat iodostded bgiusipg anenefrtbk| abl e
optics path 802 to forma focused beam R, which ill-um nates a hol ographic

" ecor ALng BB A fo 081 MH LA fir LEERER AR dhbiHer i 3RORSE LO Lhe

focused ~bBeam R ocused beam R into a racted beam R",
whi ch passes through a second control] abl %?C{)tics path 804 to produce beam
R'', wAtdprmsdigiizatiop ama previqushipampled-and-held row. In this manner, at any given

time one sample-and-hold circuit is active and one analog-to-digital conversion is also

active. This pipelined approach requires the row decoder to operate twice as fast as before,

but permits the data conversion at double speed.

[0036] As previously noted, such high speed conversion may be utilized in 2 variety of
applications, including, for example, reading a holographic memory system. Fig. 8 1s an
illustration of how the imaging system 500 of the present invention may be utilized with a
holographic memory system 800. The holographic memory system 800 includes a laser
801 for generating a reference light beam R. The reference beam is focused using
controllable optics path 802 to form a focused beam R’, which illuminates a holographic
recording medium 803. The holographic recording medium, in response to the focused
beam R’, diffracts the focused beam R’ into a diffracted beam R, which passes through a
second controllable optics path 804 to produce beam R’”’, which is read by the imagi.ng‘

system 500 of the present inventon. A controller 805 coordinates the operation of the

12




system 500 of the present invention. A controller 805 coordinates the
operation of the 12 21 Cctober 2005 | aser 801, controllable optics 802,
positioning of the hol ographic recordi ng medi um 803, ..operati of the
second control | able optics 804, and the inmaging systéﬁﬁ@gﬂmr?®8§7] The
principles of the present invention nmay be extended to create even faster

| magi nglB8ys8eNEdaroliEtlt bpkieg 80D epasiab et g eke hsioggphiciratbgding natumi&Syi t s
120a', 120b' through the use of additional anal og-to-digital converters

123 and | e- -hal d.circuit 12 r - Fi Egnan

11 ust r SPEGRO fﬁgg?r%??‘uigﬁfng’ﬁ’g?@& O;?%%ﬁg% ?ﬁ"?g‘h@pc#”ggb‘% g’?’f’%ésé?:‘l rcuit 120a".
The nodified circuit 120a", which is designed to be operated in
conbination with a simlarly nodified version of circuit 120b" (not

i |l ustrpo@gh) no kil RS maf be R rRted 18 -dp&dtél e€dry fastest S
121 andP%oub]l e }Aﬁgéﬁt‘% Ir%sc??(%gér)l fcosgmfige di gi ta¥ converters 123. cThe

original _circuits 121, 123 are respectively confrolled by con l rgnal s
SHES | SRSEABERISH Y DB masEinkihe SRS Broresne A pass SRy, 10k
controlled by control signals SHEa2 and ADEa2. The row decoder is operated
at doubthgongheble asedof ddditiovad analbg- ot digitaloasnyvertdrs 1231261 samplosad diodd) cirenitn

I nterl eaved fashion. In this manner, the speed of the inmagi ng system may

be doubj 2, FRF ekdthplBEFisl 9G £3 ARALABA Y :3RodiREd %ﬂbggareéessﬁlgtaaalcﬁgmm@ by
usi ng additional sets of sanple-and-hold circuits and anal og-to-digital

converters.1l ,] 0038 hil e the inyentian has been described,i.n detail in

connect%?r“@fi@f‘ t h'uagc &%iﬁ?‘%ﬁ%@% rré’\‘ﬁ“?h fstfféﬁ%'ﬁa&"@’& WETFLR0d that the

invention is not limted to the 5
combination with a similarly modified version of circuit 120b’ (not illustrated) now utilizes

double the number of sample-and-hold circuits 121 and double the number of analog-to-
digital converters 123. The original circuits 121, 123 are respectively controlled by control
signals SHEal and ADEai while the additional circuits 121, 123 are respectively controlled
by control signals SHEa2 and ADEa2. The row decoder is operated at double speed and
the two sets of circuits 121, 123 are operated in an interleaved fashion. In this manner, the
speed of the imaging system may be doubled, or further increased (based on the degree of
interleaving} by using additional sets of sample-and-hold circuits and analog-to-digital

converters 123.

[0038] While the invention has been described in detail in connection with the
exemplary embodiment, it should be understood that the invention is not limited to the
above disclosed embodiment. Rather, the invention can be modified to incorporate any
number of variations, alternations, substitutions, or equivalent arrangements not heretofore

described, but which are commensurate with the spirit and scope of the invention.
13




above di scl osed enbodi nent. Rather, the invention can be nodified to

i ncorporate any nunber of variations, alternations, substitutions, or

equi val ent arrangenents not heretofore described, butdghich re
commensurate with the spirit and scope of the inventior?<48" 2405t oher 2005
Accordingly, the invention is not Iimted by the foregoing description or
dr awi ngéccondingly, theninyerition i adt lynitddebys taplorefoing destpiption et drawings, buitds 15
21 Cctober 2005 CLAIMS: 1. An inmging system conprising: a pixel array
conpri SbAl Bmik | o) é? i n in rows and columms, the pixels
in respef:itgfi ve cglrb?r%lgx% icn‘gtggll“é%ﬁ%%‘gggghnect ed to a columm output |ine;
a first digitization circuit, conprising a first plurality of first
processing circuits, respectively coupled to said colum output |ines; and
a second digitization circuit, conprising a second plurality of second
processing circuits, respectively coupled to said colum output |ines,
wherein each colum output |ine provides pixel signals to at |east one
processing circuit in each of said first and second digitization circuits.
2. The imaging systemof claim1, wherein each of said first plurality of
processing circuits further conprises:

14



a sanpl e-and-hold circuit, conprising: a first input coupled to a colum
output line of said colum output lines, a first output, and a first
enabl e |line, coupled to said sanple-and-hold circuit;and an

anal og-to-digital converter, conprising: %3 second i nput COL?d|%%Obte{)2%03I
first output; a second output and a second enable line, coupled to said
anal og-to-digital converter. 3. The imagi ng systemof claim2, wherein each
of said sdcloAlMS:urality of second processing circuits further conprises:
16 21 October 2005 a sanple-and-hold circuit, conprising: a third input
coupled to a colum output Iine of said colum output lines, a third
output, and a third enable line, coupled to said sanple-and-hold circuit;

and an angl ogﬁ%gglggg%telﬁ%y&rﬂsﬁ{g, conprising: a fourth input, coupled to
said third output, ~a fourth output and a fourth enable Iine, coupled to

o 0 el o o S ey NS SN R e vherel
the pixels in respective columns being selectively connected to a column output line;
a first digitization circuit, comprising a first plurality of first processing
circuits, respectively coupled to said column output lines; and
a second digitization circuit, comprising a second plurality of second
processing circuits, respectively coupled to said column output lines,

wherein each column output line provides pixel signals to at least one

processing circuit in each of said first and second digitization circuits.

2. The imaging system of claim 1, wherein each of said first plurality of
processing circuits further comprises:

a sample-and-hold circuit, comprising:

a first input coupled to a column output line of said column output lines,

a first output, and

a first enable line, coupled to said sample-and-hold circuit;and

an analog-to-digital converter, comprising:

a second input, coupled to said first output;

a second output, and

a second enable line, coupled to said analog-to-digital converter.

3. The imaging system of claim 2, wherein each of said second plurality of

second processing circuits further comprises:



5. The imaging systemof claim3, wherein said first and third enable |ines
carry a common first control signal. 6. The imaging systemof claim5
wherein said second and fourth enable |jnes carry a common r ol
signal. 7. The imaging systemof claimJ3, wherein said firs?ﬁgﬁﬁg?ﬁgg%ion
circuit farther conprises; a third plurality of third processing circuits,
respectively coupled to said colum output lines, each of said third
plurality of t %isempl#deheld GHout.cOMPLISKEr t her conprising: a

sanpl e-and-hold circuit, conprising: a fifth input coupled to a respective
col urm out put laithied afpus epuplebiouneeloun putput ingd ¢fisasl codumn pupuplingsut , and a
fifth enable line, coupled to said sanple-and-hold circuit; and an

anal og-t o- di gi taahirg¢ otitpat,tagf, conprising: a sixth input, coupled to said
fifth output; a sixth output, and a sixth enable line, coupled to said

anal 0g-t o- di gi tahir& QAL 88, cotdicPrd QRPLant0BnEnollNSirkiTR@hAY Syst em of claim
7, wherein saig sgcoﬁﬁﬁd#gfffﬁéfion circuit further

an analog-to-digital converter, comprising:

a fourth input, coupled to said third output,

a fourth output, and

a fourth enable line, coupled to said analog-to-digital converter.

4. The imaging system of claim 3, wherein said first plurality is equal in number

said second plurality.

S. The imaging system of ¢laim 3, wherein said first and third enable lines carry

a common first control signal.

6. The imaging system of claim 5, wherein said second and fourth enable lines

carry a common second control signal.

7. The imaging system of claim 3, wherein said first digitization circuit farther
comprises;

a third plurality of third processing circuits, respectively coupled to said
column output lines, each of said third plurality of third processing circuit further
comprising:

a sample-and-hold circuit, comprising:

a fifth input coupled to a respective column output line of said column output



conprises; a fourth plurality of fourth processing circuits, respectively
coupled to said colum output lines, each of said fourth plurality of

fourth processing circuit further conprjsing: a sanple-and- i it,
conprising: a seventh input coupled to g%respective col um éﬁ?%%%gf?%% of
said colum output lines, a seventh output; and a seventh enable |ine,
coupled to said sanple-and-hold circuit; and an anal og-to-digital
converter lngdnprising: a eighth input, coupled to said seventh output, a
ei ghth output, and a eighth enable line, coupled to said anal og-to-digital
converter. 9. TEhefih omguthgndystem of claim 8, wherein said third plurality
is equal in nunber to said first plurality. 18 21 October 2005 10. The
i magi ng syst emaaifiicérible Bue, Wh@r&d 1o said dniphé-tueh-Bbldr éitduityand equal in number
to said fourth plurality. 11. A hol ographic menmory system conprising: a
laser, for prodichRgedo!ddifl eARerREBmpAsiAg! Ogr aphi ¢ medi um

a sixth input, coupled to said fifth output;

a sixth output, and

a sixth enable line, coupled to said analog-to-digital converter.

8. The imaging system of claim 7, wherein said second digitization circuit further
comprises;

a fourth plurality of fourth processing circuits, respectively coupled to said
column output lines, each of said fourth plurality of fourth processing circuit further
comprising:

a sample-and-hold circuit, comprising:

a seventh input coupled to a respective column output line of said column
output lines,

a seventh output; and

a seventh enable line, coupled to said sample-and-hold circuit; and

an analog-to-digital converter, comprising:

a eighth input, coupled to said seventh output,

a eighth output, and

a eighth enable line, coupled to said analog-to-digital converter.

9. The imaging system of claim 8, wherein said third plurality is equal in number

to said first plurality.



a first optical system disposed between said |aser and said hol ographic
medi um an i magi ng system and a second optical system disposed between
sai d hol ographi c nmedi um and the i nagi n% system along a diffracted beam

produced by said hol ographic nediumfroff said reference bedhCher &% said
i mgi ng system further conprises; a pixel array conprising a plurality of
pi xel s arranged in rows and colums, the pixels in respective colunmms
bei ng selectively connected to a colum output line; a first digitization
circuit, conprising a first plurality of first processing circuits,
respectively couRliffdging syabh FTRAANNR, WHeRSH sdill RS plarditpiseqaarit ndindet | zat i on
circuit, conprising a second plurality of second processing circuits,
respectivqbgmﬁqgﬂﬂp ukQirsai d colum output lines, wherein each colum
out put |ine provi pi xel signals to at |east one processing circuit in
each of said first and second digitization circuits. 12. The hol ographic
menory system of claim1l, wherein each of said first plurality of
processing circuit further conprises: 19 .a sanple-and-hold circuit,
conpri si ng:l- 21 AobplosEphixgnemarsyplsm, CHBRESIBupl ed to a respective col um
output line of said colum out put

a laser, for producing a reference beam;

a holographic medium;

a first optical system, disposed between said laser and said holographic
medium;

an imaging system; and

a second optical system, disposed between said holographic medium and the
imaging system, along a diffracted beam produced by said holographic medium from
said reference beam,;

wherein said imaging system further comprises;

a pixel array comprising a plurality of pixels arranged in rows and columns,
the pixels in respective columns being selectively connected to a column output line;

a first digitization circuit, comprising a first plurality of first processing
circuits, respectively coupled to said column output lines; and

a second digitization circuit, comprising a second plurality of second
processing circuits, respectively coupled to said column output lines,

wherein each column output line provides pixel signals to at least one

processing circuit in each of said first and second digitization circuits.

12. The holographic memory system of claim 11, wherein ¢ach of said first

plurality of processing circuit further comprises:



lines, a first output, and a first enable line, coupled to said

sanpl e-and-hold circuit; and an analog-to-digital converter, conprising:
second input, coupled to said first output;, a second outpgﬁ(¥ﬁgp ﬁx%econd
enable line, coupled to said anal og-to-digital converter

hol ographi c menory system of claim12, wherein each of said second
plurality of second processing circuit further conprises: a sanple-and-hold
circuit, conpriasiemple-and-held ¢ircwiprompsigisited to a respective col urm out put
line of said colum output lines; a third output, and a third enable |ine,
coupl ed to sai d firanippetaegiciod d rm’pe@b&etcplmdoutpmt larealfcgidtaplwing patgpht
converter, conprising: a fourth input, coupled to said third output, a
fourth OUQ@@g and a fourth enable line, coupled to said anal og-to-digital
converter. 14. The hol ographi c menory system of claim13, wherein said
first pluralit | ,id? number said second plurality. 20 21 Cctober
5005 Y first Sifp! add’

a first enable line, coupled to said sample-and-hold circuit; and
an analog-to-digital converter, comprising:

a second input, coupled to said first outputs,

a second output, and

a second enable line, coupled to said analog-to-digital converter.

13.  The holographic memory system of claim 12, wherein each of said second
plurality of second processing circuit further comprises:

a sample-and-hold circuit, comprising:

a third input coupled to a respective column output line of said column output
lines;

a third output, and

a third enable line, coupled to said sample-and-hold circuit; and

an analog-to-digital converter, comprising:

a fourth input, coupled to said third output,

a fourth output, and

a fourth enable line, coupled to said analog-to-digital converter.

14, The holographic memory system of claim 13, wherein said first plurality is

equal in number said second plurality.



15. The hol ographic nenory systemof claim 13, wherein said first and third
enable lines carry a common first control signal. 16. The hol ographic
menory system of claim 15, wherein said%iecond and fourth eQﬂQ5§b&§5

carry a common second control signal. 17. The hol ographi c nmehory Systéem of
claim13, wherein said first digitization <circuit further conprises: a
third plurality of third processing circuits, respectively coupled to said
col umn outldut | Thedwlogsaptic slemosy gystewm eficlainyl 4 Wh‘ifel@fsaldrﬁfﬁéalﬁr%géssi ng
circuit further conprising: a sanple-and-hold circuit, conprising: a fifth
i nput coupinedletlineacarsspemtinve foslconmoloigmalit | i ne of said col um out put
lines, a fifth output, and a fifth enable line, coupled to said

sanpl e-and-hold circuit; and an analog-to-digital converter, conprising, a
sixth input, coupled to said fifth output, a sixth output, and a sixth

enabl e |1 8. COHMifloifne hibodok i Orthodh 13! wAABH i iecorPandTogr

hol ographic menory s erein said second digitization
circuit furt aliiy of fourth processing

ULt T AT EOTBE 268t VAR L
17.  The holographic memory system of claim 13, wherein said first digitization
circuit further comprises:

a third plurality of third processing circuits, respectively coupled to said
column output lines, each of said third plurality of third processing circuit further
comprising:

a sample-and-hold circuit, comprising:

a fifth input coupled to a respective column output line of said column output
lines,

a fifth output, and

a fifth enable line, coupled to said sample-and-hold circuit; and

an analog-to-digital converter, comprising,

a sixth input, coupled to said fifth output,

a sixth output, and

a sixth enable line, coupled to said analog-to-digital converter.

18.  The holographic memory system of claim 17, wherein said second digitization
circuit further comprises:
a fourth plurality of fourth processing circuits, respectively coupled to said

column output lines, each of said fourth plurality of fourth processing circuit further



colum out put lines, each of said fourth plurality of fourth processing
circuit further 21 21 Qctober 2005 conprising: a sanple-and-hold circuit,
conprising: a seventh input coupled to ? respective col umm t qut l%‘# of
said colum output lines, a seventh ou 1put, and a seventh ABTL ,
coupled to said sanple-and-hold circuit; and an anal og-to-digital
converter, conprising: a eighth input, coupled to said seventh output, a
ei ght h outpPIsi®Ed a ei ghth enable line, coupled to said anal og-to-digital
converter. 19. The hol ographic menory nenory system of claim 18, wherein
said third pl urasdairple-asl-bojda@irctit comipdisingr st plurality. 20. The hol ographic
menory systemof claim 18, wherein said third plurality is equal to said

fourth plurali tasevéith ifpufeéipdel ool regRRII%¢ bd1GmaRUiIRYhOof Siid talmmhavi ng fir st
and second digitization circuits |ocated near opposites sides of a pixel
array, saioqwaitiqﬁgs array being coupled to said first and second
digitization circtits via a plurality of common output |ines, said nethod
conpri sing: causin currently selected row to output a second plurality
of pixel si gnalassef’%ﬁﬁlompu{’ aa

a seventh enable line, coupled to said sample-and-hold circuit; and
an analog-to-digital converter, comprising:

a eighth input, coupled to said seventh output,

a eighth output,

and a eighth enable line, coupled to said analog-to-digital converter.

19.  The holographic memory memory system of claim 18, wherein said third

plurality is equal to said first plurality.

20.  The holographic memory system of claim 18, wherein said third plurality is

equal to said fourth plurality.

21. A method for operating an imaging system having first and second
digitization circuits located near opposites sides of a pixel array, said pixel array being
coupled to said first and second digitization circuits via a plurality of common output
lines, said method comprising:

causing a currently selected row to output a second plurality of pixel signals to
said plurality of common output lines;

at the first digitization circuit, sampling and holding said second plurality of

pixel signals; and



said plurality of common output lines; at the first digitization circuit,
sanpling and hol ding said second plurality of pixel signals; and 22 21

QOct ober 2005 at the second digitization_circuit, converting to gi |é@d form
a first plurality of pixel signals whi A had been previousl%‘g ?é%r ®and
hel d, wherein: said sanpling and holding at said first digitization circuit
and said converting to digital format said second digitization circuit

are initiatde mogﬂ@gtt@nu@awqmm penvsing towdigital fam a firse phasality @f Bxek| ai m 21,
further conprising: causing a next selected rowto output a third plurality
of pixel gigmdd shichhadbekn ptvivaily kympled andriveld, wheépmt | i nes; at said first
digitization circuit, converting to digital formsaid second plurality of

pi xel signals; @pfsaaipl®diadd HERMEatdhil ArkZaEHQRIH difcuittand SAIdRchPeHiaRd
hol ding said third plurality of ~ pixel signals, wherein: said converting to

digital at I S j Q.1 ! clr GLUI -Sal I | di ng
at said setgt'%)l%gé%’h %tfgftd?ggédlﬁd?&rlg@??&dé{%@%iﬁ%%%%ég%t%g%gtgﬁy ?%Taﬁ he sane
time. 23. A nmethod for operating an imagi ng systemhaving first and second
digiti zatiYRCcircuits | ocated near one side of a pi xel array and third and
fourth digitization circuit |ocated near an opposite side of said first
side of said pixel array,

22, The method of claim 21, further comprising:

causing a next selected row to output a third plurality of pixel signals to said
plurality of common output lines;

at said first digitization circuit, converting to digital form said second plurality

of pixel signals; and

at said second digitization circuit, sampling and holding said third plurality of
pixel signals, wherein:
said converting to digital at said first digitization circuit and said sampling and

holding at said second digitization circuit are initiated at substantially the same time.

23. A method for operating an imaging system having first and second
digitization circuits located near one side of a pixel array and third and fourth
digitization circuit located near an opposite side of said first side of said pixel array,
said pixel array being coupled to said first, second, third, and fourth digitization
circuits via a plurality of common output lines, said method comprising:

causing a currently selected row to output a second plurality of pixel signals to
said plurality of commeon output lines;

at the first digitization circuit, sampling and holding said third plurality of



said pixel array being coupled to said first, second, third, and fourth
digitization circuits via a plurality of common output |ines, said nethod
conprising: causing a currently selecteg,row to output a se | u ity
of pixel signals to said plurality of g%mmn out put |ines; Cé;'[@(ft‘%eer?(l?dﬁst
digitization circuit, sanpling and holding said third plurality of 23 21
Cct ober 2005 pixel signals; at the second digitization circuit, converting
to digitalP*dEHalsiirst plurality of pixel signals which had been
previously sanpled and hel d; causing a next selected row to output a third
plurality of piat#ic scgubdigitizetisméicuitptanvattingyto digitb forora Hist plurality pés; at
the third digitization circuit, sanpling and holding said third plurality
of  pixel pHigRAngls veich Bid bdeg prousshy shingiléd Z@l heddly circuit, converting to
digital forma second plurality or pixel signals which had been previously
sanpl ed and hel : N ' | ' i 1sfth ksl
digitization ci%‘éﬂﬁ?ggﬁ%&sﬁ:gﬁ%ﬁggﬁ?&gﬂpﬁga ﬁ?fgl %ﬁéﬁ%ﬂ‘%@éﬁ%@ sstai d second
digitizati on. f;{. rogui tare i nittﬂnag_ed at substantially the sane tinme, and
sai d sanplf Hg e REBIEHYRY LSS d third digitization circuit and said
converting to digi ﬁi’?flﬂ format said fouhtggharcljdgl tjzatjo . re

[ . Gircult
initiated at s@bdicyt 1g1Zatiop cushb sapp olding said tpurﬁ p'iura ity o
pixel signals; and

at the fourth digitization circuit, converting to digital form a second plurality
or pixel signals which had been previously sampled and held, wherein:

said sampling and holding at said first digitization circuit and said converting
to digital form at said second digitization circuit are initiated at substantially the same
time, and

said sampling and holding at said third digitization circuit and said converting

to digital form at said fourth digitization circuit are initiated at substantially the same

time.




