WO 03/ 017648 PCT/ US02/ 26061 DOUBLI NG OF SPEED I N CMOS SENSOR W TH

COLUWN- PARALLEL ADCS This application clains benefit of U S. Provisional
Appl i catiwo oBlo17669/ 313, 117 filed August 17, 2001, the comcartsondcoahi ch is
incorporated herein in its entirety by reference. FIELD OF | NVENTI ON

[ 0001] The present invention relates to imagi ng systens. Mre specifically,
the present invention is related to an architecture for high speed anal og
to digital conversion for an imaging system BACKGROUND OF THE | NVENTI ON
[0002] PQIIBLING @F SPEEBt NCGMOSSENMSOROVIAE O@LDIMB-PARAS OIEI( APS)S

i mgi ng 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 ar s a}g%rhcm EIQJInSg E&i’éﬁit 2@ M BB A p{)f;l]ca%ﬁthg] 4621 Co?f 17 col or

system the pi sensitive to pri mar ors of red,
gr een, bl ue be .arranged Bayer pattern in
whi ch ﬁéﬁc{‘é %f&filﬁg%%ﬁg&é vdiuch sincarperafed L?Fﬁubﬁne‘ésnef&ﬁﬁ}’rké(d pi xel s

and alternating blue and green plxels respectively. [0003] Fig. 2

i 1| ustrefatemse.one exenpl ary architecture for a pixel P. The pixel P includes
a photosensitive elenment, such as photodi ode 210, which converts opti cal
energy into an

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 greén 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

1



1 WD 03/017648 PCT/ US02/ 26061 el ectrical signal. The photodi ode 210 is
coupled to node-A, which is also coupled to a source/drain term nal of
transi st owo0220176dhe transi stor 220 has anot her source/ dr aiPeT/USer/2d0n8!
coupled to a Vdd potential source and a gate coupled to receive a read
signal. Node-A is coupled to the gate of a source follow ng transistor
230, whicoftahagnandhegghatodicdie 10 is eoupledito codpllgdvhiich isrrdsovatoplrat @nd i al
source and anot her source/drain termnal coupled to a source/drain

ter m Rahrcef ddid RMiKART tShGEo£280. TR taWistdRI0 ﬁ&soafnotgé‘ps_oﬂ?c%/id}aingat e
coupled to a ROWNcontrol signal, and its other source/drain term nal

coupl ed t.o .an output Jl.i,ne 250.at node-B. [0004] .The pi xel P produces a
Vol T agemipal gRBLeA e Vil porStiahio s g A el Srmlerbn fesrive aSehLtd iyt he
phot osensitive el enent 210. The voltage at node-A controls the output at

node- BNasle-8dntowplled mythehgatgaf e sofirct fidlaydng ¢ensistdrAdty gyhicahsiccor 230. A
row transistor 240 controls, via the RONsignal on |ine 260, whether the

out pulso@ice ¥iMRinsRFGR1 LBLPRARD the VAOoiRial 438k ct andAUBHRY sb@rck pgragiit put i ne
250 at node-B. The output line 250 i's also coupled to other pixels P in

the array 110 having the sane col umm sition but in.different rows of the
ar v ay indionPRAsB % e AR B RSt Baastiox 2Rop TR Gonshedt
exenplary architecture of a pixel. As is well known, there are several
di f f e2éRthaaits Bhteewsuplasktosy RQ‘%I gentiobsigpily end its ppladrydirag /dreds ecrwhindh
utilize, for exanple, reset transistors and output a

coupled to an output line 250 at node-B.

[0004] The pixel P produces a voltage at node-A related to the brightness of the light
sensed by the photosensitive element 210. The voltage at node-A controls the output at
node-B by controlling the gate of the source following 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 array 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, including those which utilize, for example, reset transistors and output a

differential signal 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



differential signal conprising a photo signal conponent and a reset signal
conponent. [0005] Referring back to Fig. 1, the electrical signal output
by the piwelo3@imue anal og signals. These signals are sub®egusnl/tepel
processed and digitized by either anal og processing and digitization
circuit (bottonm) 120b or anal og processing and digitization circuit (top) 2
WO 03/130164heRrETiUSH2 2,608t con2t thd memlog signaltistal A0bquitsent digitelesignat he

anal og signal into an equivalent digital signal and conveys the digital

si gnaland\oaveathe Bisstall §nall Gada@ Bid P81 RB%?cﬁgi?éélri:go@é@%ngtaﬂH%&%ag%é{s% 130,

for further processing in the digital domain .g., cofor inte ation)

and stygnage.. A, control circuit 140 coordinates the activities of the pixel
rr ay 1200 ARG E SR bR G it dogE (s Rios e BRSPS aftd
digital processing and storage system 140 via control bus 182. [0006] Fig.
3 i s &opwpbcigatial 4@ coetidimt factinigieppidic raxal ayrag 100 amaklop pramessimgand
processing and digitization systenms 120b, 120t. The pixel array 110

| ncl udesiraaHGH §atembD 0w 12Dt X@ldsdi itamoeesgiﬁg/aﬁa%&qﬁge déern 186 viLus ARG Oder

112 receives a row address from fTor =~ exanple, contfol” circuit 140 on
Si gnalbulsilga 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
|l ogic state while maintaining the other signal lines 260 at a | ow | ogi cal
state. [0007] Each anal og processing and digitizing circuit 120b, 120t is
cont af00@6 P! ur &lg. BYs a more detailed diagram of the pixel array 110 and the analog

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 other signal 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. Fach
sample-and-hold circuit 121 is also coupled to signal line 122b (for bottom circuit 120b)

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



of sanpl e-and-hold circuits 121 and an anal og-to-digital converters 123.
The sanpl e-and- hold circuits 121 are each coupled to a respective col um
out put |iwe 038076e8§ the pixel array. Mre specifically, tRreTasapt@ennd- hol d
circuits 121 in the bottomcircuit 120b are coupled, via |lines 250, to odd
nunbered col ums while the sanple-and-hold circuits 121 in the top circuit
120t dihe stwe pf eontrol sigial SEEE RG] SHEteleesrminesdrehad ttechmpbsand=hokd circuits

sanpl e-and-hold circuit 121 is also coupled to signal line 122b (for bottom

circuird] 120Bde arf¥ hdidZheit ts@Raki rcuit 120t) for receiving control signals
SHEb and SHEtC, respectfvfélﬁ{}l. %PIV\D 03/ 017648 PCT/ US02/ 26061 The state of

control signal SHEb and SHEt determ nes when the sanple-and-hold circuits
121 sanple and hold their input signals. [00081 Each sanpl e-and- hol d

ci rcu[@0081 i sEadseanpit-addiold cizcuioil 2 bipasoltingd aniel ©gorréspoddigigt Alalapenvert er
123. Each analog-to-digital converter 123 accepts as its input, the signal

out pui,_BY.: i lLe-rapd-.& Cl I -ho-digital
convery afeif| GERRTEY 193 SALR (BBt Mialinfbicke I accPBS A FRRNTE: 1) Tor
signal. line 124t (for top <circuit K 120t), .control signals ADEb, ADEt,
r espetiBRYduput by aawsewewgfm-hpéo aécf%f%- Ereh %mé%-&)ﬁtglai’l gPRvarter
conversion. [0009] Now also referring to Fig. 4, the operation of the pixel
ar r ayl23 @caepds, t dve sigapl lireenk? 4boffdobo@oml dgupr Ry sirngnahiindl 244 (fad g circuits
120b, 120t can be expl ai ned. The

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 120b, 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 260 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).



process begi ns 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

hi gh | ogiwalo3stmie and setting the other signal |ines 26@cTawsaztaer | ogi cal
state. This is reflected in Fig. 4 by the RONsignal going high for "row
i." As previously explained with respect to Fig. 2, enabling the ROV

si gnal[0allsp caU$esopleleudhfbotim 1Deb pirxdts ddoperdie and siphidchntoushupyuiatssl i nes
250. Thus, pixels P corresponding to odd nunbered columms in row i have

their Oéﬁ_ll yg%c%ﬁ&%sﬁggqngsﬁqﬁg'“ﬁgd?% Bv@:gg) l}ﬁglaq%n\q/fél;t]ﬁl%gh r%,}%-,( at

bottom ciFcuit e piI xe cor r espondi

colum1 inrowi have th |r qut puts coupled to . corresp I ng

s R Woignal igping highs 55 hig gpablesshe sarpplerantbhpld awuﬂbqgia%%b@twm

PCT/ U802/26061 [ 0010] The top 120t and bottom 120b circuits cooperate and
Si mul taadeop iryuipy b26s so sanple rgldehold theid berrespgndlg [Skib signals. SHEt , whi ch were
| ow, go high sinultaneously with the ROWsignal going high. This enables

t he sanpl e-and-hold circuits 121 in the bottom and top circuits 120b to

sanpl e-and- hol d_t heir corresponding pixels S|gnals [0011] The signal s SHEb
and SHEPlihen addcsigmabmiHEband AHENIsn g5t hrovghs lewnitehispeintibe gimplec ui t s

have buffered the pixel output and nake avail able the buffered signal to

t he analddgld eirthigd hale ldfevat they sixd hpdtGdtiZhalGharailhlle tthe befiéreé kignahe ADED
and ADEt signals, which were |ow, go high.

the analog-to-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 120D,
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
S};stem 130 (signiﬁed 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 method therefore provides for a high speed

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



Thi s enabl es the anal og-to-digital converters 124 in the bottom and top
circuits 120b, 120t. The buffered signals in the sanple-and-hold circuits
121 for bwoh3odd4@and even pixels are converted into a di gcoraisSoyeagnnal . The
ADEb and ADEt signals then go back low. [0013] As the digital data is nade
available to the digital processing and storage system 130 (signified on
Fi g. 4ligijaltstgmal, mdwerd it can beidigiadllyl proecsBAlTA)d stoteel py teedigitalgpeadssingandh t he
next rowin the array (i.e., rowi+1l) as indicated by the RONsignal going

hi gh fs@Sragé St 130 THSwRRCRDSe hplicRSRAL SekhUR; h@g&@ ' &I&;ray has
been shdggpgggessed. At this poﬂ%%f each pi xel % int éﬂg?g%?hgﬁo has been

processed aggeihe rocess may. be repeated for another image franme. [0014]
The aBodon BlebenateesiaformioniatriiehEom el apBPEIREMOE D Stk resifegh
speed mechani smfor converting the anal og signal output by each pixel P in
t he arfasagr pizd digitigatiprs ME@dingly; 648 cRCT husbaiddesiit fod high speed hgphitkctuwher e
it can be digitally processed and stored by the digital processing and
StOrag@r§&§$@ﬂ&é%@§ﬁﬁﬁﬂﬁy§{m1§Qﬂ§h§9@&h§atiOnS, such as hi gh speed

phot ography, slow notion filmng, or even information retrieval froma

hol ographi c nmenory systemrequire faster pixel digitization. Accordingly,
there is a need and desire for high speed architecture for performng
digitization in an imagi ng system SUVWARY OF THE | NVENTI ON

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



[ 0015] The present invention is directed to a high speed architecture for
performng digitization in an imging system In a system of the present

i nvent i orwotohe1pikel array is associated with a top and Ipomtusa/ageal og
processing and digitization circuits. The top and bottomcircuits are each
coupled to both even and odd pixels. Thus, instead of dividing the

sanpl €0@kdl hol Hl@nd igii block diaggaprafegeinagt mhageproddsingdysemn pi xel s 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

f oregoj nd er .advant ages and. features, of the invention will becone
mor e ﬁ%@gﬁﬁ nt %&Grrétl%%gﬁ’é{‘ Sfaezam 3G ArbAXE OB RURB IR Y BRAESHIIRETF 80! t he
invention given below with reference to the acconpanying draw ngs. BRI EF
DESCRsBTmON OF THE DRAW NGS 6 WD 03/017648 PCT/ US02/ 26061 [0017] FIG 1
is a block diagramof a prior art inmage processing system [00181 FIG 2 is
a block diagramof a prior art pixel for using in the inmage processing
syste 019] _FIG .3 is a detajled block diagramof the pixel array and

t he b@?iﬁ?&. andF@p3 1%%@?%wgbl@si<%r%mafébe pretusa angl thedatiasnrpddepon
system [0020] FIG 4 is a timng diagram show ng the operation of the
appar stations loff tisd #elegl processing and digitization system;

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

in FIG. 3;

[0021] 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



in FIG 3; [0021] FIG 5 is a block diagramof an image processing system
according to the present invention; [0022] FIG 6 is a block diagramof a
pi xel ar rap oafodréamal og processing and digitization systemCirusazpostdance
with the principles of the present invention; [0023] FIG 7 is a timng
diagr?n1shomﬁn% the operation of the apparatus illustrated in FIG 5;
[0024]102F 8 FEGa9det detadad blaskidiagragr efranofiteanitolcotheaihent istascargendevi ce
using the analog processing and digitization systemin accordance with the

r i ncivattethegdriddiePoLeRBresenb UtBhtien, and 7 WO 03/ 017648 PCT/ US_02/260_61
I[00025] FI Geqig idgﬁa det airﬁl ed bl ock diagram of an alternate enbodinment in

accordance with the principles of the present invention. DETAILED

DESCRI PTI ON OF THE | NVENTI ON [0026] Now referring to the draw ngs, where

li ke reference nunerals designate |ike elenments, there is shown in Fig. 5
an portion of an inmaging system 500 incorporating the principles of the .
present invention. DIHEAIINEDI DESERIPEDON CIFUTEEE aNVBNTI@H pi xel array 110
which is coupled to a nodified top and bottom anal og processi ng and

digit I[&d)fég] Now referring to the drawings, where like reference numerals designate like
elements, there is shown in Fig. 5 an portion of an imaging system 500 incorporating the
principles of the present invention. The imaging system includes a modified pixel array
110’ which is coupled to a modified top and bottom analog processing and digitizing
circuits 120a’, 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 1202’, 120b’ and further processed and stored in

the digital domain by the digital processing and storage system 130.

[0027] In the illustrated embodiment, the analog processing and digitizing circuits
1202’ 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 1202°,
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



circuits 120a', 120b'. Wile the description of the invention uses terns
such as "top" and "bottont to designate separate circuits, skill artisans
woul d reawDad/011sa8 t hese separate circuits need not be phrgIruesat/ibepel ocat ed
at the top and bottom of the pixel array, but can be |ocated anywhere
conveni ent on an imaging chip. The inmaging systemalso includes a _digital
pr oc essiveg datwsdrofirg@nsycicans d8the idmginigtsystenagdhgFoy stampleposistd pf g. 1,
the pixels in the pixel array convert light into analog electrical signals

whi ¢ QFB%&&S&Q% %%f ?(Sin@%f'l Biises 10 BuRhRFRSisRd t8Rerrilibaich datandaionew t s

120a urther processed and stored in he digital domain by the

digital processing and stora system 130. [,0027 the ill
enbocﬁlgfﬁ‘ﬁ‘t-,Alltﬂéa%‘f‘?é}h&&nHPgé% 4ot signlf giayits Wé’]t%ci B%Bf)fnst'to_lpgja‘gl{lﬁ%g%ﬁ' are
coupled to the digital processing and storage systemvia data bus 181.

Si m | mackgsarya froantiratid er cifotif, os crowpkesystemn.t he anal og processi ng and
digitizing circuits 120a', 120b', the pixel array 110', and the digital
processi ng and storage system 130 via a control bus 182. However, it

shoul d be recogni zed that contyol and data si .s .can be diff.er y 8 WD
03/ 011$9281 PCT/Asshoragodis: é&wé%ﬁoggw&n& i 5’r?§nct“§u5f12°[oﬁe(i?hégi ng
system 500. For exanple, instead of separate data and control buses, a

si ngl ®mipissesaylbrelitysec sampéaang-hobd birdatsd 2drahdcophurdity of egaago-digital
Al ternatively, control and/or data signals nay be routed by point-to-point

L1 nkS. @3Rerf2R G035 A e sahfiAEaRHI K kirk@itL1 I e eleacR Cofiple b lanldutSWSiRM50
associated a respective columns of pixels. In the present invention, the sample-and-hold
circuits 121 of both analog processing and digitizing circuits 120a’, 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 (1202’) and bottom (120b”) of the column coupled to
the column by a respective line 250. Each sample-and-hold circuit 121 is also coupled to
signal line 122b (for circuit 120b°) or 122a (for circuit 1202’) for receiving control signals

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

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

[0029] Fach sample-and-hold 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, ADEb, respectively, for determining when to perform the analog-to-digital

conversion.



[0028] As shown in Fig. 6, each anal og processing and digitizing circuit
120a', 120b" conprises a plurality of a sanple-and-hold circuits 121 and a
pl ural it ywofosanmh®g-to-di gital converters 123. The sanpl @cCandoradoel
circuits 121 are each coupled to an output |line 250 associated a
respective colums of pixels. In the present invention, the sanple-and-hold
ci rcui[083aP1 ofRelfiatingapnsihag Hig.of esd tocghatinhink diapiam ofjFiy. 7¢ the spr2fa pf 120b'
are coupled to both odd and even nunbered colums of the array 111. Each

col Umﬂh@h;gjéﬁ?&gi?:cls 7B 1o 04 hokile %%@Hg?ﬁ%&%ﬁ%aﬁ&’a&lﬁﬁﬁ (BRuid BHgy) and

bottom (1 ol umm coupl e spectr

250. crrcur 121 i SO coup nal I|ne 122b
(for Eﬁﬁguﬁm  hosiply! 3 ﬁf%fa?r?rfér erlserrh@néea@‘y drefrdeeret@. dReREEIY ol
signals SHEa and SHEb, respectively. The state of control signals SHEa,

SHEb dddessipresoustyesupplidtbos aigphlirmentl hahdi sets boeiof thEXigsd hipke26Gnola haglds its
i nput signal. [0029] Each sanple-and-hold circuit 121 is associated with a

cor r espanispde AR Qher! frifll Hhésaéé()?%v ts%r td-2 wﬁ?ﬁi&l@ﬁ@é Oghfsqs FlifgL e

converter 123 accepts as |ts I nput, si gna put by t

sanple qjo -.t,0-di %2% onv rter accepts,

on si glﬁ'r ’rg I‘{ﬁ\égﬁelg{‘?;}v %‘?ngjlﬁlé}l %0:55’ dr féi—g Wcsegfr &Pes b 55 §hecont r ol

signals ADEa, ADEb, respectively, for determ ning when to performthe

anal og»utwltdiglint;ékels ontherdsicoded BW\Q. 0 3¢B 1) 648 cRPIEUBH H26@P it lines 250.
Additionally, the SHEa signal, which was low, is also driven high. The SHEDb signal

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 remain 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



[ 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 di gi twoiong1wis cuits 120a', 120b' can be expl ai ned. TreTArSora®s1 bei ngs
when the row decoder 112 decodes a row address previously supplied on

signal line 112 and sets one of the signal lines 260 to a high | ogical
st at e.[00B2] ot hdihesROWEignhhehen 268siaoes bhcotcselovt gical statel sgheabnsdht e. Thi s
is reflected in Fig. 6 by the ROWNsignal going high for "rowi." As the

ROW si Bt 14988n8¢ Mothbh Fow 4R o the Powidetbderd T4, ﬁ&ﬁ@'?&iwroewér- e., row
i) are coupled to the output lines 250. Additionally, the SHEa signal,

whi ch s.l.qw, js alsp driven high. The S signal .remains. low. .This
o d425tihEs e s Rending e signa Bpo 260 S Larending b Fif desoped -
hold.,all the pixel signals of the decoded row. [0031] The ROWsignal then

t r ansi(i-¢.onew bad)khigb aadlsot tho gilealsigsiakt260ao 4 lvav bogidal sthte. CThie isi refldetéd sends a
new row address to the row decoder 112. VWen the row decoder 112 fini shes

decodiig 7 be tl'i@i%vagi%hﬁlsg,sqm%}ﬁ% foresowianal AL HICRERT sERRI ESAINGH RS ke t e

decode row (i.e., rowi+ gh and sets the other "sig es 260 to a

| ow | ogj cal ate. Thi,s | reflected in Fig., 7 the r.o i,gnal goi ng

i gh $ob B gR Severthy byyiBe dighrl T ntriog st g ¥ o ot |20 Hoguiia and
SHEb signals are driven high. The APEb and SHEa signals remain | ow.

Dri vi Adusiereflétiterhby s ey i hlockoaltbg DAT dilgictafl Figonv &r tddison 28 thé dawi r cui t
120a'" to convert the analog signal held in the sanple-and-hold circuits 121

(of  Qubsit bordefEsigndl PSR @t AHES 280 Bbth @ibed IMigh SHERs fiugdy ®RYSEILRI-
sanpl e-and-hold circuits
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.

[0033] The ROW signal then transitions back to a low 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 i, 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
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121 in circuit 120b to sanple-and-hold all the pixel signals of rowi+1. 10
WO 03/017648 PCT/ US02/ 26061 [0032] The ROWsignal then transitions back to
a | ow | ogwoab/osteat e as the control circuit 140 sends anotre@rusomoaddr ess
to the row decoder 112. \Wen the row decoder 112 finishes the row
decoding, it drives signal |ine 260 corresponding to the decoded |ow

(i . e. j-1rvall HewpildtilghLmbits. Sethe sipaaloasediatst ghapborsdescabed ¢vsts 3§SBaAVD st at e.
This is reflected in Fig. 7 by the row signal going high for "rowi+2." As
the RWiSi&BhegOeS high for row i+2, the data converted by the

digital -to-anal og converters 123 of circuit 120a' are output. This is
reflected by the rowi block on the DATAline of Fig. 7. In addition to the
data output, control signals SHEa and ADEb are both driven high. This
cause§003t] sanPhepasdat mvkution tenefos mRdifiss thé repiind bogam amglog

sanpl e-and-hol d the pixel signals fromrow i+2. This also causes the

di gi t alstos e ters,; f 1665CW ' 5 hils di gi t al
9 gg?éggsﬁ%]%%g% 2 Yol &E®itd 33091 1805°Cld Eec_é%(ébcapalglenﬂré&wm Yghilsdi gi ta

conve e RONsignal then transitions back to a Iow | ogical

state _as the control circuit 140 sends another. row,to £ he.row address
Goaoqdim both SR AR ket ol EpecsThs treBbREis Rt iSSP O IR, | s

signal lines 260 as discussed above with respect to rowi+3. Control
si gnalteoAREsitah20REbampk-et-holdrd xosnofpighls Bt wbilenyother airquit WP he
sanpl i ng- and- hol ding of row i+3 and the output of data corresponding to row
I +1. performs digitization on a previously sampled-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 a variety of
applications, including, for example, reading a holographic memory system. Fig. 8 is 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 imaging

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

12



[0034] Note that the above description assunmes that the process began with
rowi. In normal operation, the process should begin with the first row.

If row i wel3not4g he first row, then when the ROW signal pgaason2ghbl f or row
i, signal ADEb will also be driven high, and when the ROWNsignal is again
driven high for rowi+1l, the data corresponding to row 11 WD 03/017648

PCT/ USRSk 30Q6 tontrollabid dptidsesay pokisibhing dfithEhglogiaphib eecsirdmglmedissdHt ed

t he above described events are shown as dotted |ines. [0035] The present

oS A 8 B e o

digiti ron circulrts 1 f receiving signals
fromboth odd and even colums. Processing throughput is doubled by using
one of the two circuits 120a" to sanple-and-hold a row of pixels P while

anot heﬁOO@VgCUi tTHe2SHmciplpeof OiePresting inventibh @ifaydse extpridod @uakate even faster
sanpl ed-and-held row. In this manner, at any given tinme one

sanpl e-and- hal i RRE i =1.0-di gl v »on 1S
o BB SHERFLS ROl Redht s ReR o Tne AL R L LEORY BB
twice as fast as before, but permits the data conversion at doulal e speed

[ 0036] threugh &vq wenipddisional anplegrtoridigitad servericantet and sampls-amd-held|gsuiss i n a
variety of applications, including, for exanple, reading a hol ographic
menor yl By.sFefexanide, Bgi $ isdh illubdratsdrt of 4 arodifiedhowlddprdcessiigandsdigitening 00 of
the present invention may be utilized with a
circuit 120a”. The modified circuit 1202”, which is designed to be operated in
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 ADEal 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



hol ogr aphi ¢ nenory system 800. The hol ographi c nenory system 800 i ncl udes a
| aser 801 for generating a reference |light beam R The reference beamis
focused wwpngo1maentrol | abl e optics path 802 to form a focwsgdsShramwR |
which illum nates a hol ographic recording medi um 803. The hol ographic
recording nedium in response to the focused beam R, diffracts the

f ocus edicdoedingly, thainyeation fsfoadineitebbpthRoreging desrzipsion ardrawigigs butsecond
controll able optics path 804 to produce beamR'', which is read by the

i magi nenly SinsiteRNMbpHE Rbpd BELHRIHPAled AR i on. A control | er 805 coordi nates
the operation of the 1% WO 03/017648 PCT/ US02/ 26061 | aser 801
control |l abl e optics 802, positioning of the hol ographic recording nedi um
803, operation of the second controllable optics 804, and the inmaging
system 500. [0037] The principles of the present invention my be extended
to create even faster imaging systens by nodi fying the anal og processing
and digitizing circuits 120a', 120b' through the use of additional

anal og-to-digital converters 123 and sanpl e-and-hold circuits 121. For
exanple, Fig. 9 is an illustration of a nodified anal og processi ng and
digitizing circuit 120a". The nodified circuit 120a", which is designed to
be operated in conbination with a simlarly nodified version of circuit
120b" (not illustrated) now utilizes double the nunber of sanpl e-and-hold
circuits 121 and doubl e the nunmber of analog-to- digital converters 123.
The original circuits 121, 123 are respectively controlled by control

14



signals SHEal and ADEal while the additional circuits 121, 123 are
respectively controlled by control signals SHEa2 and ADEa2. The row
decoder iwoopermied at doubl e speed and the two sets of @CTaso/g606R1, 123
are operated in an interleaved fashion. In this manner, the speed of the

i mgi ng system may be doubl ed, or further increased (based on the degree of
i nterl eaving) by using additional S@LAIMS sanpl e-and-hold circuits and

anal og-to-digital converters 123. [0038] Wile the invention has been

descri bed iwhglet alatméd a6 ARQGHIdREral fohbd p@tectd bpTaterePdiogiisent , it shoul d
be understood that the invention is not limted to the above discl osed

enbodi nent. Rather, the invention can be nodified to incorporate any
nunber of variations, alternations, substitutions, or equival ent
arrangenents not heretofore described, but which are commensurate with the
spirit and scope of the invention. 13 WD 03/017648 PCT/ US02/ 26061
Accordingly, the invention is not limted by the foregoing description or
dr awi nigs, Byt Imaging sysfem;, gpMBHSIBE: t he scope of the appended clains. 14 WO
03/017648 PCT/ US02/ 26061 CLAIMS What is clainmed as new and desired to be
protected by Letters Patent is:

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.

2. The imaging system of claim 1, wherein each of said first plurality of processing

circuit further comprises:
a sample-and-hold circuit, further comprising,

a first input coupled to a respective one of said column output lines;

15



1. An inmaging system conprising: a pixel array conprising a plurality of
pi xel s arranged in rows and colums, the pixels in respective colunmms
bei ng selwotmmeloys connected to a colum out put |ine; a fiPso/usoyedobrati on
circuit, conprising a first plurality of first processing circuits,
respectively coupled to said colum output lines; and a second

di gi ti zati anfist owgput;, conpri sing 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,gRELLMBle ﬁﬁé,@oﬁbfeﬁttoad&gh oE &L gldijélﬂ:ytdf Z@hpROarfd-h6M diguitd. The

i magi ng systemof claim1, “wherein each of said first plurality of
processing circuit further conprises: a sanple-and-hold circuit, further

conprisin a fi,rst,input c ed to a.respective one of said colum out put
Iines;MI?ngth§W335 B/ y BB % first output; a first enable

line, coupled to each of said plurality of sanple-and-hold circuits; an
anal og-to-digital converter, further conprising, a second input,
respect i vela/sceoringits wwspassively coapleditpone of saigdirs: outputs;

a second output; and

a second enable line, coupled to each of said plurality of analog-to-digital

converters.

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

processing circuit further comprises:
a sample-and-hold circuit, further comprising,

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

a third output;

a third enable line, coupled to each of said plurality of sample-and-hold circuits;
an analog-to-digital converter, further comprising,

a fourth input, respectively coupled to one of said first outputs;

16



a second output; and a second enable line, coupled to each of said
plurality of analog-to-digital converters. 3. The inmaging systemof claim
2, whereiwomaolkrees said second plurality of second proce®€rngozedeui t
further conprises: a sanple-and-hold circuit, further conprising, a third

i nput coupled to a respective one of said colum output lines; a third

out put; a tdfoudthemeplig ahilne, coupled to each of said plurality of

sanpl e-and-hold circuits; an anal og-to-digital converter, further
conprising, a fourth input, respectively coupled to one of said first

out putastourtBen¥RNORHD L5GA8d E’&EAM:{?&B@M?QF H At B coaRGteds.f ourth
enable line, coupled to each of said plurality of analog-to-digital
converters. 4. The imaging systemof claim3, wherein said first plurality
equal s said second plurality. 5. The inmaging systemof claim3, wherein
said first and third enable lines carry a same first control signal.

4. The imaging system of claim 3, wherein said first plurality equals said second
plurality.
5. The imaging system of claim 3, wherein said first and third enable lines carry a same

first control signal.

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

same second control signal.

7. The imaging system of claim 3, 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, further comprising,
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6. The inmagi ng systemof claim5, wherein said second and fourth enable
lines carry a sanme second control signal. 7. The inmagi ng systemof claim
3, Wwhereiwogajotrehis rst digitization circuit further conpriPsE4iSoza2dohi rd
plurality of third processing circuits, respectively coupled to said col um
output lines, each of said third plurality of third processing circuit
further conpri siafifthanmanphplednd-ahebptctive one bf sfidcolem corpuitilisesng, 17 WO
03/ 017648 PCT/ US02/ 26061 a fifth input coupled to a respective one of said
colum output lines; a fifth output; a fifth enable line, coupled to each
of said pIuralityﬁgﬁogﬁggge-and-hold circuits; and an anal og-to-digita
converter, further conprising, a sixth input, respectively coupled to one
of said first outputs; a sixth output; and a sixth enable line, coupled to

each of said plurakit f .anal og;to-digjtal ..converters. 8 The |nmaging
Svetem of ol af m ity RGPl B R & P el
circuits; and
an analog-to-digital converter, further comprising,
a sixth input, respectively coupled to one of said first outputs;

a sixth output; and

a sixth enable line, coupled to each of said plurality of analog-to-digital

converters.

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, further comprising,
a seventh input coupled to a respective one of said column output lines;

a seventh output; and

18



conprises, a fourth plurality of fourth processing circuits, respectively
coupled to said colum output |I|ines, each of said fourth plurality of
fourth prwoas®imgs ci rcuit further conprising, a sanpl e-anechaisdz/zdoscuit,
further conprising, a seventh input coupled to a respective one of said
colum output lines; a seventh output; and 18 WO 03/ 017648 PCT/ US02/ 26061
a seventh enabl e devaesh @by latt, couslad o edchsalf @idpluraity oy safiplsangteldnd- hol d
circuits; and an anal og-to-digital converter, further conprising, a eighth
i nput, respecti v‘%llcylitﬁom ed to one of said first outputs; a eighth output;
and a eighth enable Tine, coupled to each of said plurality of

anal og-to-digital converters. 9. The imaging systemof claim8, wherein

said third plurality is ual to said first.. plurality. 10. The inmaging
syst em of M@-t@l@&ﬁ%\y@rtiﬁpﬁiﬂr f)CI’IBPQ?”PEy is equal to said fourth
plurality.

a eighth input, respectively coupled to one of said first outputs;

a eighth output; and

a eighth enable line, coupled to each of said plurality of analog-to-digital

converters.

9. The imaging system of claim 8, wherein said third plurality is equal to said first

plurality.

10. The imaging system of claim 8, wherein said third plurality is equal to said fourth

plurality.

11. A holographic memory system, comprising;:
a laser, for producing a reference beam;

a holographic medium;
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11. A hol ographic nenory system conprising: a laser, for producing a

ref erence beam a hol ographic nedium 19 WO 03/017648 PCT/ US02/ 26061 a
first optwoaB/swyst em di sposed between said | aser and sai @Ciraisoye@phi c

medi umy an imagi ng system a second optical system disposed between said
hol ographi ¢ nmedi um and the imaging system along a diffracted beam

pr oducedirdtyopsiail dystemno disppsddcberaden saifl laen ani cid bblogeaptec nivdann; wher ei n said
i magi ng system further conprises, a pixel array conprising a plurality of

pi xel s arranged in rows and colums, the pixels in respective colums

bei ng sgkag %%g Q%ﬂyannected to a colunn output line; a first digitization
circuit, ising’a first plurality of first processing circuits,
respectlvely coupled to said colum output I|nes and a second dlgltization

O e SRR 2 B PG ALt Sy SSSERE PUREOR P G

out put |ine prOV|des pi xel signals to at |east one processing circuit in
each ofyssaichléng sdiffmcted dramdprdidgiced basaidholsigrapliie siedium 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 each of said first plurality of

processing circuit further comprises:

a sample-and-hold circuit, further comprising,
20



12. The hol ographic nmenory system of claim 11, wherein each of said first
plurality of processing circuit further conprises: a sanpl e-and-hold
circuit, Woreslhemwsgonpri sing, 20 WO 03/017648 PCT/ US02/ 26@6T/Usa2/24065t i nput
coupled to a respective one of said colum output lines; a first output; a
first enable line, coupled to each of said plurality of sanpl e-and-hold
circuits;, afrRnghRgoupled t9id fkpatiny ent ef sid tohinfrepuganpimesi ng, a second
i nput, respectively coupled to one of said first outputs; a second output;
and a second enable line, coupled to each of said plurality of
anal og-t o- dj @il ftonverters. 13. The hol ographic memory system of claim
12, wherein each H"8ai d second plurality of second processing circuit
further conprises: a sanple-and-hold circuit, further conprising, a third
athird

i nput coupled to respective one of said,col.um.output lines:. t
out put; a thIFY e@%ﬁﬁﬁ‘é‘ei ?Wé’tfe‘i:%ﬁzfcgootfsﬁld@a\ RS %I'aﬂ?lalﬂo‘lﬁf s,
sanpl e-and-hold circuits;
an analog-to-digital converters, further comprising,
a second input, respectively coupled to one of said first outputs;

a second output; and

a second enable line, coupled to each of said plurality of analog-to-digital

converters.

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, further comprising,
a third input coupled to a respective one of said column output lines;
a third output;
a third enable line, coupled to each of said plurality of sample-and-hold circuits;

an analog-to-digital converter, further comprising,
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an anal og-to-digital converter, further conprising, 21 WO 03/017648

PCT/ US02/ 26061 a fourth input, respectively coupled to one of said first
out put s; wofoawrtehs out put; and a fourth enable |ine, coupl @dTtusoramh of said
plurality of analog-to-digital converters. 14. The hol ographic nenory
system of claim 13, wherein said first pIuraIin equal s said second
plurality. aSowThénpw) mgpeqsively aveptedytosyst afisnidffirst @utputd, wherein sai d
first and third enable lines carry a sane first control signal. 16. The
hol ogr aphi ¢ nenory system of claim 15, wherein said second and fourth

enabl e |ina&b@@hquﬁn§@ﬁ§ second control signal. 17. The hol ographic
menory systemof claim 13, wherein said first digitization circuit further
conprises, a third plurality of third processing circuits, respectively

o7 ocecttnir EPELIF Bt TPl cochi 1 ERn sOGIoroa R el b logr ' '

sanpl e-and-hold circuit, further conprising,

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

second plurality.

15.  The holographic memory system of claim 13, wherein said first and third enable

lines carry a same first control signal.

16.  The holographic memory system of claim 15, wherein said second and fourth enable

lines carry a same second control signal.

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,
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a fifth input coupled to a respective one of said colum output lines; a
fifth output; a fifth enable line, coupled to each of said plurality of
sanpl e- amaolalotré4gi rcui ts; and an anal og-to-di gi tal convePCerusot/aosher
conprising, a sixth input, respectively coupled to one of said first
outputs; a sixth output; and a sixth enable |ine, coupled to each of said

plurality pofaapalde:-Kdd dirdhit, urtenv@nbesiag, 18. The hol ographic menory
system of claim 17, wherein said second digitization <circuit further

conprises, a fourth plurality of fourth processing circuits, respectively

coupled to sal d, aal iR, QLB 1ol d ASSecr7BORe O s Bl bhibiilita! 1 Y of

fourth processing Citr ﬁbr|5|ng, a sanpl e-and-hol d circuit,
further conprising, a seventh input coupled to a respective one of said
columm out put lines; 23 WD 03/017648 PCT/ US02/ 26061 a seventh output; and
a seventh enabl%ﬁﬁ#ﬁé¥P@6upled to each of said plurality of sanple-and-hold
circuits; and

a fifth enable line, coupled to each of said plurality of sample-and-hold

circuits; and

an analog-to-digital converter, further comprising,
a sixth input, respectively coupled to one of said first outputs;
a sixth output; and

a sixth enable line, coupled to each of said plurality of analog-to-digital converters.

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 comprising,
a sample-and-hold circuit, further comprising,

a seventh input coupled to a respective one of said column output lines;
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an anal og-to-digital converter, further conprising, a eighth input,
respectively coupled to one of said first outputs; a eighth output; and a
ei ght h emaiblog/olieme, coupled to each of said plurality of @alusg22eedi git al
converters. 19. The hol ographic nenory system of claim 18, wherein said
third plurality is equal to said first plurality. 20. The hol ographic
nmenory system ofa ehandn dftpuhadei n said third plurality is equal to said
fourth plurality. 21. ° A nmet hod for operating an imagi ng system having a
first and second digitization circuits |ocated near opposites sides of a
pi xel array, sai I b 1 8

PCT/ US02/ 26061 d?e'raéliﬁ I%E’Iseg%lgh%‘g?ﬁ??‘?%ﬁ%{]&ﬁ?h cui tt%éj\f/%a?l agﬁ%1 ﬁ%gﬁ ty of
comon out put lines, said method conprising: causing a currently selected
row to out put a‘@@&&ﬁémﬁiurallty of pixel signals to said plurality of
common output lines; at the first digitization circuit, sanpling and

hol ding said second plurality of pixel signhals; at the second digitization
circuit, cemeariogtp-tgitl gonwartef,dnrhar éomptisipgural ity of pixel signals

whi ch had been previously sanpl ed and hel d;

a eighth input, respectively coupled to one of said first outputs;

a eighth output; and

a eighth enable line, coupled to each of said plurality of analog-to-digital converters.

19.  The holographic 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 a first and second digitization

circuits located near opposites sides of a pixel array, said pixel array being coupled to said
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wherein said sanpling and holding at said first digitization circuit and
said converting to digital format said second digitization circuit are

i nitiatedwato3suisst antially the same tinme. 22. The net hodPofi/ushzazdmwRl,
further conprising: causing a next selected rowto output a third plurality
of pixel signals to said plurality of comon output |ines; at said first

di gi t i fimt amdhsedionduligitizadon eirtiirtsgyid o phirglity aif chommos autpu dinesydaigl metdodt y  of

pi xel signals; at said second digitization circuit, sanpling and hol di ng
aid thig4 ﬁ%#%@lity of pixel signals; 25 WD 03/017648 PCT/ US02/ 26061

wher ein S%I onverting to digital at said first digitization circuit and
said sanpling and holding at said second digitization circuit are

initiated. at substantially the sane tine. 3. A npethod.for operating.an
| gl n e HIFER S St 1Y PR 8 o epneh R BT o s Pl R et
near one side of a pixel array and a third and fourth digitization circuit
| ocat edf epmamoarowppbbingse si de of said first side of said pixel array, said
pi xel array being coupled to said first, second, third, and fourth
digitization circuits via a plurality of

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

at the second digitization circuit, converting to digital form a first plurality of 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.

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;

at said second digitization circuit, sampling and holding aid third plurality of pixel signals;
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common out put |ines, said nethod conprising: causing a currently sel ected
row to output a second plurality of pixel signals to said plurality of
conmon ouwwpuws/oliemes; at the first digitization circuit, saeplisez26nd

hol ding said third plurality of pixel signals; at the second digitization
circuit, converting to digital forma first plurality of pixel signals

whi ch Whdrereen previ ously sanpl ed and hel d; causing a next selected row to
output a third plurality of pixel signals to said plurality of comon
output lines; at the third digitization circuit, sanpling and hol di ng said

third pluradlid ¥oRferBh¥eb d_%igﬂ‘ at sid fish AWRHABIINARYS: dTa1dR2pe@6hd at the
ul

fourth digitization circ , converting to digital forma second plurality
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to digital format said second digitization circuit are initiated at
substantially the sane tine; and said sanpling and holding at said third
digitization circuit and said converting to digital format said fourth
digitization circuit are initiated at substantially the sane

23. A method for operating an imaging system having a first and second digitization
circuits located near one side of a pixel array and a 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 common output lines;
at the first digitization circuit, sampling and holding said third plurality of pixel signals;

at the second digitization circuit, converting to digital form a first plurality of pixel signals

which had been previously sampled and held;

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

common output lines;

at the third digitization circuit, sampling and holding said third plurality of pixel signals;
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at the fourth digitization circuit, converting to digital form a second plurality ot 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.

27



