WD 2006/ 237951 PCT/ US2006/ 011590 READOUT Cl RCUI T W TH SHARED

ANALOG TO- DI G TAL CONVERTERS AND RAM MEMORI ES, FOR | MAGE SENSOR FI ELD OF
THE | NVENTI ON [ 0001] The invention relates generally to sem conductor

i magi ngwdevgeyeand in particular to a CMOS active pipG/URe6wL59) APS)

I mger having an array of pixel cells and colum circuitry for reading the
cells. BACKGROUND OF THE I NVENTI ON [ 0002] There is a current interest in

CMOS acti ' | f S I i | InC FIG 1.
Shove o1 APt SeacdBOgi Gy st Byfipe Pioctptly, RAIREMEREN. [l sensor
("APS") pﬂ»&iﬁg ahkgy 230 and a controller 232 that provides tining and
control signals to enable the reading out of signals stored in the pixels in
a manner conmonly known to those skilled in the art. Exenplary arrays have
di mensions of Mx N pix FiD%l“Tﬁﬁ] i RNt he array 230 depending on a
particul ar application. e Tnager  plxél'sare readout a row at a tinme using
a colum parallel readout architecture. The controller 232 selects a
particul ar fopg19f Dhedebentich FdMtePgdRYalfI0 seicoRdhEdk imaging RvicPaidat i on of
row addressing cCircuit 234 and row drivers 240. Charge Signals stored in the
sel ixpaticulantood CpAOS|astive pixpl seusatd APS)H irnagen iavingnesrdyOf ptebcdls@d2) to a
readout circuit 242 in the manner described above. The pixel signal read

f r ofPlaguhcigitthforgeading the ecllshen  readout sequentially using a col um
addressing circuit 244. [0003] FIG 2 shows a portion of the system 100 of
PIG 1 in greater detai : l;ncl udes multiple rows of
pi xel s 350. Signals P%‘K@Wﬁﬂ@iﬁ@m& cul ar columm 349 are
readout to readout circuit 242. Cenerally, each colum 349 of pixels is
readout. 0 AM0AYSOPhAL ath ALALAINIReHHTIOS Bt @FkpixtilhfRers ! oS 16

anal og-to- digital converter ("ADC') 361 and a nory Storage |ocation 363.
Al t eostamagiek\deviche FiG.Xethowt fgriad peotetshey syslernh60 dix isdadant CRMOY suppl i ed
to one anal og-to-digital block having an associated nenory for storing

di gretitic pixst senser (IARS’) piygdiatray P90 anda contyollen 232 thas propdes\tingiag apgd t he

nal og-to-digital gpnyerter 361 | ve hi . The results of the 1
a acgg ct>1051gdﬂa9sl tt'oaenagﬁ-: tﬁg rtt:a%ng gut g{ s?gna\ft s stc‘ﬁ%dl}:lxtthé/ gljxggsmama%nere sults of the

commonly known to those skilled in the art. Exemplary arrays have dimensions of M x N

pixels, with the size of the array 230 depending on a particular application. The imager‘

- pixels are readout a row at a time using a column parallel readout architecture. The
controller 232 selects a particular row of pixels in the array 230 by controlling the
operation of row addressing circuit 234 and row drivers 240. Charge signals stored in the
selected row of pixels are provided on column lines 170 (see FIG. 2) to a readout circuit
242 in the manner described above. The pixel signal read from each of the columns is then

readout sequentially using a column addressing circuit 244.

[0003] FIG. 2 shows a portion of the system 100 of FIG. 1 in greater detail.
Bach array column 349 includes multiple rows of pixels 350. Signals from the pixels 350
in a particular column 349 are readout to readout circuit 242. Generally, each column 349
o'f pixels is readout to an associated analog-to-digital block, which includes an analog-to-
digital converter (“ADC”) 361 and a memory storage location 363. Alternatively, the
pixel outputs on the columns are sequentially supplied to one analog-to-digital block
having an associated membry for storing digital pixel signals. Typically, the digital values

‘ provided by the analog-to-digital converter 361 are twelve bit values. The results of the

1
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DSVDB. 1802041. 7 WD 2006/ 137951 PCT/ US2006/ 011590 signal conversion to
digital formare stored, tenporarily, in a storage |ocation 363 associated
with th okO-digital converter 361. The digital g¢ ¢
subsequgﬁ?ﬂ@bgggggout of the storage |ocations 363 an ﬁggggﬁgggégomnstream
of the readout circuit 242, [0004] Typically, a readout circuit 242 includes
other circuitry, although not shown in FIG 2. For exanple, a sanple and
hol digial cotiviersion sodigitaldfobmt aze storal, cahponarii4 i a stotaget locatiandéait ed ADC 361.
Additionally, a gain circuit, or several gain circuits, nmay be coupled

bet wssasiated withrthe 3udogna-digital senvasics36d. digital sigmebsye mbseguently | ocati on

363, typical RAM or, DRA | f d. t the F | ock
cor apaddis e thdsrdragelpitions S0 S G BROSENER SR BB A APE RILBELETH B ock. A

there exists an ever increasing desire to reduce the size of electronic

i maging cir . 4

anal og-t o- d:‘[g?{)g mg@g&%%@tgﬁlgfg%géﬁxﬁégﬁtﬁ%fﬁgg%%op%%%gse t he
speatiofin iRIFIC, ROMd: ckiBpBleNd serhpletnthold Eiréit salcaa%lea%em&rﬁa cél@mnB4ease the
processi ng speed of the réad out circuit. BRI EF SUMVARY OF THE | NVENTI ON

[ 0066 ifsh@sqicted ADC B36& ntAdulitipually] 2l gsin @ircainprreeentalogsih oiyedits; diagibeal
processing circuit block and pethod of operation. A RAM bl ock, used as an
anal &yplest begwesn arolpmmp$4? and its pyspeigtes Fk-han one anal og-to-digital
converter (ADC) and stores data fromnore than one colum of pixels froma

pi xel array. A eac r.oc .Shona) {40 lxel in associ at ed
first col umﬂ@ﬁ%] Sggqigragﬁ O‘%“&P%%i %ﬁﬂgémqfﬁawg‘ewﬂw ocati on
assQekalagdoW RAM W bordD B nBAHArRS eﬁﬁl _&d- froma pixel
in gﬁfezgsegog}lé‘g% secgn 1coI S%?’gsnmdsﬁstorgﬁt he J?"g‘uta(ﬁ%/%u extracted in a
mengsrpcessingdiiockn Astheed adistslamievdt ihdraisigodesire to Yéduce thésizAbBEsleatt€nipr ocessi ng
and storing pixel signals received fromcurrently read colums, the readout
ci r dinagingeirritey it isslegiratle 4o geduak the sigmef dhefanalogpiordigitaldloemsAathtror ovi des
the digital .,signals to a datapath I pracessi,ng . downstream. The ADCs

br o ARy dRiRs fo inedisf e Bieed AEAerGhalF SrnBh ot fods Ao edROkanal og t o
di gi | 0 I ' | hg:.L:n ranp parallel processing, a ranp
provtfo eglléa crtgagg%%@?%%éfat%fgﬁgg%g%tﬁ%c% e ADC circuits a varied ranp
reference signal starting froma |low signal level (e.g., a digital 0 value)
and proceedi ng i ncr eBRIERISYMMABRY OF THE INVENTION

[0006] The present invention provides an improved analog-to-digital
processing circuit block and method of operation. A RAM block, used as an analog-to-
digital memory, is shared by more than one analog-to-digital converter (ADC) and stores
data from more than one column of pixels from a pixel array. The ADCs each process a
signal from a pixel in an associated first column and store the digital value extracted in a
memory location associated with that column. Then ADCs each process a signal from a
pixel in an associated second column and store the digital value extracted in a memory
location associated with that column. While the ADCs are processing and storing pixel
signals received from currently read columns, the readout circuit reads out stored digital
jsigna]s from prior columns and provides the digital signals to a datapath for processing
downstream. The ADCs process and convert in parallel the signals from the pixels from
analog to digital using ramp parallel processing. In ramp parallel processing, a ra;mp
provides at substantially the same time the ADC circuits a varied ramp reference signal

starting from a low signal level (e.g., a digital 0 value) and proceeding incrementally to a
2
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2 DSMDB. 180204. 7 WD 2006/ 137951 PCT/ US2006/ 011590 hi gh signal |level (e.g.,
a maxi vumdigital level). At substantially the sane time a digital counter

provi desy$Qodei879APC Circuits the digital codes to be speif0061ishe I anp
reference signal is varied it is conpared with the signal received fromthe

pi xel at each ADC circuit. Wen the ranp reference signal exceeds the
Si gnal bei ng converted the ADC conparator in the ADC circuit changes state
and high ngf feie! cmmm digitaléevely. dtonbstantially e mﬂmm@g@ﬂu on

d | f
zazsmé A e S AR P et B
t I t
o, SRR ¥ SRR Upph 00 R B B DRl
nmor eWH&ﬁrth@ ?ﬁrr%g@éfk%té 6k élgéxké’éds GRE Mgﬁﬂﬂeu(g%)vcrt@d‘ theSADIE Sorflpdratol ilpm nor e

t han one colu than one row of pixels froma pixel “array. The
ADCstlizatP(Qurintittschangessi sgate land therdigital carintémcode valieds stateekinfthe stensmyurm in a
firsI@i row and store the digital value extracted in a nmenory |ocation

as s okicatiem asapeinted reith thy . dhmorothanoneA P hecimpitschanges sptescadss a si gnal

from £ an asso ated segcond colum,in.the f row and store the
di gi t ‘%P@F@&EX‘FF’&(H@& nén?FE %o*lgggfriquxl&ggggéq\glpétanwtw that col um

and g Egpp r?;each process a signal froma pixel in an associated
flrst coﬁnu second row and store the digital value extracted in a

menory Iocatlon associ ated with that colum and row. Then the ADCs each

process a si@uay]f riananoghér aspéct] thePresRES RO ERIGTa REMHlockg lukedasian t he second
row and store the digital value extracted in a nenory |ocation associ ated

Wi t hama&@g “te-oligitah rzomabry pisshassiliby mowe thidCona pralogrtocigicl ngnmttr ¢ABG)ng pi xel
5|gn recej eg_ fromc rentl read r,ow, FgBe readout .cjr LiJ{ reaﬂs out
ot or 88 808 nge 05 GolRmp 3id gpere mpaggo‘mépaipﬁ o 29Pghal s to a

SR e e e
par ajdvwe nd 6@%€ &Sd dﬁ@@%ﬂ;@%@cﬂe&%@%aﬁom&m ﬂs&?éiﬁéd R Har 81611590
and row. Then the ADCs each process a signal from a pixel in an associated second
column in the first row and store the digital value extracted in a memory location
associated with that column and row. Then the ADCs each process a sighal from a pixel in
an associated first column in a second row and store the digital value extracted in a memory
location associated with that column and row. Then the ADCs each process a signal from
a pixel in an assoéiatcd second column in the second row and store the digital value
extracted in a memory location associated with that column and row. While the ADCs are
processing and storing pixel signals received from currently read row, the readout circuit
reads out stored digital signals from prior row and provides the digital signals to a datapath
for processing downstream. The ADCs process and convert in paraliel the signals from the

pixels from analog to digital using ramp parallel processing.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008] These and ot her features and
advant ages of the invention will be nore readily understood fromthe
f ol | ow ngwaeloaé/isssidescription of the invention which i sscpr@¥hA 9bn
connection with the acconpanyi ng draw ngs, in which: [0009] FI G Is a
bl ock di agram of a conventional APS system [0010] FIG 2 is a block diagram
of a portion of a pixgel i 1 FIG 1; [0011] FIG 3
is a block diagram ﬁ@@ﬁ%@%@?ﬁﬁ?ﬁ%ﬁ% an APS array and
associ ated processing circuitry in accordance with an exenpl ary enbodi nent
of the inverhheai | ]é_f@ [g,gn . | of the
pi xel array gbgegle'@ }‘tzl%cﬂr)@lflr?cahﬁc 4 %ggg{ég@& edzgig‘l‘%n[p%rof&lgﬁnﬂ G 5
I's a kh@%ku@d@&bamﬁ%mmmuaw%&mkmcs& idi sPthedhvaioawhichgadout circuit
of FIG in greater detail Pl G is a block diagram show ng a
port|pnmvmﬁeduheomecabnamﬂa;hwwompmdngldrmng&;mwzhichFI G 5 in greater detail;
[0014] FIG 7 is a timng di agramfor i npl ementi ng a single wite and read
operation with the pixel .arr d readout cirg FIGs. 3-6; [0015] FIG
ﬁ rﬁﬁ%ﬁ f@i |St

8 is a timnd0808Gr AHr dris p 3 Genventy) gsteBperation with the
pi xel array and readout circuit of FIGs. 3-6; [0016] FIG 9 is a bl ock

di agr am show pr, sor t I NCY.RAY i | e gl ng
devi ce const r[@gtlg]j Iﬁ&eé ?ﬁ%‘% Cﬁégr%lﬁl n@gg % eégr?ﬁénc?ﬁ%agﬁ
DSMDE:iA@@2SP R G IO 2006/ 137951 PCT/ U82006/ 011590 [0017] FIG 10 i s a bI ock
di agram of di agram of digital systemhaving an APS array and associ at ed
processing circuitry in accordance wi th anot her exenplary enbodi nent of the
i nvention; [JO08]1] FIREG. Bis b dleckidisgramdifatirgramsifaliginag s;ystgorhaivimg anfARSre pi xel
array and eadout _circuit of FIG 10 'J] grea er detail; rg)

atray ahd associated processing circuitry 1 accordance an exemplary embodiment of

. the invention;

[0012] FIG. 4 is a block diagram showing a portion of the pixel array and

readout circuit of FIG. 3 in greater detail;

[0013] FIG. 5 is a block diagram showing a portion of the pixel array and

readout circuit of FIG. 4 in greater detail;

[0013] EIG. 6 is a block diagram showing a portion of the pixel array and

readout circuit of FIG. 5 in greater detail;

[0014] FIG. 7 is a timing diagram for implementing a single write and read

operation with the pixel array and readout circuit of FIGs. 3-6;

[0015] FIG. 8 is a timing diagram for implementing a multiple write

operation with the pixel array and readout circuit of FIGs. 3-6;

[0016] FIG. 9 is a block diagram showing a processor system incorporating at

least one imaging device constructed in accordance with an embodiment of the invention;
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[00.19] FIG 12 is a block diagramshowi ng a portion of the pixel array and
readout circuit of PIG 10 and 11 in greater detail. DETAILED DESCRI PTI ON OP
THE | NVENTI ON [ 0020] In the followi ng detailed descript I‘%@U rg{serggce is
made to MR8 Hpanyi ng drawi ngs, which forma part HergBP2 %0 whi ch
is showmn by way of illustration specific exenplary enbodi nents of the

i nvention. These enbodi nents are described in sufficient detail to enable

those of ordi00df7y sKiG.I10 is attheckadingiam ofdiegramiofidigitaltsgsteinrharimg anAPSnd it is

to be understoaod that structural, |ogical or. other changes may be made to

t he gra@emd@S@ﬁ%ém@@%@%@aam%m%wwﬁwwmﬁa%e spirit and
scope,.of .the resent j.nvention. [0021] FIG 3 depicts a signal processing
systgm%gégneWﬂ[%éﬁeP}YgP an active pixel sensor ("APS") array, in
accordance with an exenplary enbodi ment of the invention. The

si gnal . proceggjiag SyRL.eN #AGbl6K dig §1%ihga_p%k@enéf§ies§maéﬁ9am sever al
respects, which are described in greater detail below [0022] APS system 400
i ncl vehdsupiixatit of FIGy, 1Bk gremwederil; 4 a readout circuit 442. The readout
circuit 442 is different fromthe conventional readout circuit 242 (FIG 1)
in that readout circuit 442 of this enbodiment uses gne ADC 461 to readout
and di gi t al [G018dnVvEkG. Ehisladyoek diagram shayving aoserm ehthepixelnarapprd| array
230 instead of. o rt . there a pair of menory |ocations
assoE‘?@P&Hqﬁﬁ“{‘ﬁO@& %ﬁi?&%@idﬁﬁ espective nenory banks (0, 1) for
storing a digital code representing the conversion result froma respective
one of the pixel 'I".K@SBDBES [PE el OB My INRgayTeoy are grouped

together in a RAMEg ock. 5 DSMDB. 1802041. 7 WO 2006/ 137951 PCTI U52006/ 011590
[ 0023] Readout circuit 442 includes nultiple analog-to-digital converters
461, a pair pI02jor Bothd follawirpndetdilediadesdiptivonyir¢fhience Bapadd tovebanks (0, 1)
of a random  access nenor RAM bl'ock 463 associated with each ADC 461, and
a dafecopepanyingrawiigshv vag pasehereof and i ghichl is chowe by WayRAM bl ock 463
o RRbSS T el B A BRSNS i enfBihimtRE 0T 1

coup C
described in sufficient detail to enable those of ordinary skill in the art to make and use the

invention, and it is to be understood that structural, logical or other changes may be made
‘té the specific embodiments disclosed without departing from the spirit and scope of the

present invention.

[0021] FIG. 3 depicts a signal processing system 400, which includes an
active pixel sensor (“APS”) array, in accordance with an exemplary embodiment of the
inverition. The signal processing system 400 differs from the FIG. 1 system 100 in several

respects, which are described in greater detail below.

[0022] APS system 400 includes pfxcl array 230 connected to a readout
circuit 442. The readout circuit 442 is different from the conventional readout circuit 242
(FIG. 1) in that readout circuit 442 of this embodiment uses one ADC 461 to readout and
digitally convert analog signals from two columns of the pixel array 230 instead of one.
Further, there are a pair of memory locations associated with each ADC 461, each in
. respective memory banks (0, 1) for storing a digital code representing the conversion result -
from a respective one of the pixel columns. The pairs of memory locations are grouped

together in a RAM block.
5

DSMDB.1802041.7



froma pair of colums 349 of the pixel array 230. If a pixel array 230 is
perceived as a plurality of odd and even columms, the pair of pixel columms
349 wi | | weed/Bhesaf an "odd" and an "even" col um 349 pra/depicatiessoi n Fl G
3. The signal line 469 that couples an ADC 461 to two colums 349 is shown
as a single line and is only representative of how the signal paths are

nmbi ned. F , . I [ | path be multipl d h
A Y SRR T Y W L T ML SRR S
[ FI 3 h t i l. | . h ADC.461, ,i i i bl t
e MR B T BB AR b DB 510 o
asso%b&%ﬁﬁcg%ﬁgﬂ%l\tp%é&é 263 a{sgcf_ia S%\H%fédfﬁ@lﬂc%ﬁr 'TaH& Al 4val ues

representin ol'umm si gna 002 € size O6f the RAM bl'ock 463

depemddciorectines thesiored digiabvilestitiPFAM Block 463 khdsupplesladh tent, the ADC 461
is multiplexed between two colums, and the .RAMDblock 463 has an
as s odloamettcaya iproastsimgp pipeuits| diaglh iAGHS 40l tihconnlerbtaraond txicoivks pigd sigmals each ADC

461. As seen i.n FIG t RAM bl ock_ 463.i s, associated with four ADCs 461.
As sémwaw|°£&eﬁmr§§49p§tﬁepafe a&r%@%t mamrgﬁw 6 PEYSEIVER 85 3 n RAM bl ock
463. .Sl [S] Y+ 0 . . k »

I nf opﬂnggjf%r@gg%%gcﬁg‘g%@%sbggf nvegggﬁg%gﬁ %/9 %gf%ﬂsggfog%%gé]&dpr oduced by
the AR “46dn"addtumnedaeastichictd PRFIC Y, To¥aiEaklind 26PehAfchaplel €. a RAM

bl ock 463 has at |east as many nenory bits that are used to stored the

di gi tADCr&irtesmmat atlitons 849 tiwhomengs asiigleliteasd isssdy répreseheativbef bo for t he
nunmber qf shared col ums., Thus, the di nension of {he RAM pl ock i s
r epr 48&Fig8y paths qrp gombuyedydioreranpls, VRIS sm#n@bs maphe midRlexed 1)

002 hyd mber. of | f h ADG 461, ~ NumADC
ot R ATABCUTEAR bl of HiReLa B Bk Ul SRR BRA G, ™
Dat ay, $1@. 8%hal Bfo pixePcdthming forsdaeh AH a6, itF0alsd BS@&HIe mtthchapewo shared
col urms 349, 6 DSMDB. 1802041.7 WO 2006/ 137951 PCI/ US2006/ 011590 e.g., an

ev en 464 hamdleandreathan doroquixal rolunwsraid Imve mdré thautwd\i¥sscidied msdmaory RAM bl ock
463, then 2N = 4 and N- 2. |f the wdth of the ranp value that is sought to
be dowtiens for respsrijeehpstorngidigital valaes Epreseutinenthesolumn pignals] RAMII mensi on =
NunsSh * 2N * Datawi dth. (2) ‘

[0024] The size of the RAM block 463 depends on the desired architecture.
In the FIG. 3 embodiment, the ADC 461'is multiplexed between two columns, and the
.RAM block 463 has an associated pair of memory locations within the RAM block 463 for
each ADC 461. As seen in FIG. 3, the RAM block 463 is associated with four ADCs 461.

As such, at least four pairs of associated memory locations are in RAM block 463. The size

of each memory location depends on the size of the information desired to be stored.

- Conventionally, digital codes produced by the ADC’s 461 are twelve bits long. For
example, to be effective, a RAM block 463 has at least as many memory bits that are used
to stored the digital representation of the ramp value (discussed further below) for the
nuﬁbcr of shared columns. Thus, the dimension of the RAM block is represented as:

[0025] RAMdimension = NumSh * NumADC * Datawidth. (1)

[0026] Where NumSh is the number of shared columns for each ADC 461,
NumADC is the number of ADCs 461 that share a RAM block 463 (i.e., 2%), and
Datawidth is the size of the stored data. So if each ADC 461 has two shared columns 349,

¢
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[0028] =2 * 22 * 12. (3) [0029] Thus, the dinension of the RAM bl ock in
the exanple is 2 x 4 x 12. As indicated above, a RAM bl ock 463 can be
associ at eavowdos/13m991 nunber of ADC s and is not restrict gdriRfedR4goers
nor a power of tw (e.g., 2, 4, 8, etc.). See Table 1 beFow for e%H;tr)rple
However, the decision of how many ADCs 461 are to be associated with the
RAM bl ock 463 may be |imted by other factors, such as size, conplexity,

ci r cut-g+ wn ceticcoliymsoantDmsodd delummNumlpex ffounABRGsAgL shar di mensi ons
of r RAM cel | arr Si ze ( RAMII si on 4 A3.2 2x4x12 27x36 3 8
26, 4 DRasdeThm e’ 4 8 Y2 % éﬁém%fggﬁ%@m%‘éﬁe Pt igeoneldiabe 217536 6
64 69 2 X4 6 ] Inthe FIG 3 enbodinent, during a
reado%?l%gﬁg(g?égi%%Pé; 5md%%gﬁéﬁxw}e$&qg?gay 230, the ADCs 461 receive signals
fromthe pixels 350 row by row as is known in the art. As the ADC 461 is
shared by t\/\qoggygnmagmﬁ&pal s S Kamshhe2f wDaekidis are proggssed at
different times. For exanple, .for a selected row, each ADC 461 receives and
processes signals at substantially the same time froma pixel 350 inits
respective od@028bl um 349. At a di=f2 &2dtl2.either preceding or &)cceedi ng)
time, each ADC 461 receives and processes signals at substantially the sane

T I IR o R e T
or ona Tatogfet el € RN bidelodog el (e intd oy fiofes P B8 o
as S0 CheH eGrERANE Yo DEALHER ok dYARK of o (IS )z«aassg:é@.l)e@eerq%ren bliggk 463

may be a static random access nory ("S Usi ng'SRAM nenory pr ovi des
severfal example. However, the decision of how many ADCs 461 are to be associated with the

RAM block 463 may be limited by other factors, such as size, complexity, circuitry, etc.

N |No ADCs |Width/p |RAM Approx

served (2%) |m Block dimensions of
Memory | SRAM cell array
Size (RAMdimension)

2 {4 43.2 2x4x12 | 27x36

318 86.4 2x8x12 | h5x36

4 116 172.8 2x16x12 | 109x36

5|32 345.6 2x32x12 | 217x36

6 | 64 691.2 2x64x12 | 434x36
Table 1

[0030] In the FIG. 3 embodiment, during a readout of signals from the pixel
array 230, the ADCs 461 receive signals from the pixels 350 row by row as is known in the
art, As the ADC 461 is shared by two columns 349, signals from the two columus are
processed at different tirhes. For example, for a selected row, each ADC 461 receives and
processes signals at substantially the same time from a pixel 350 in its respective odd
column 349. At a different (either preceding or succeeding) time, each ADC 461 receives
and processes signals at substantially the same time from a pixel 350 in its respective even

column 349. Processing of signals by the ADC 461 is discussed in greater detail below.
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advant ages over dynam c random access nenory ("DRAM') as is known in the
art. Since SRAM generally does not have to be refreshed |i ke DRAM nenory
syst ens \b,ﬂ%oé,#}gglporate SRAM cel I s do not have to budgetrnis2eo6io1ms90t O
performthe refresh operation or incorporate the circuitry necessary to
performthe refresh operation. Therefore, the use of SRAMcells increases
si gnal processing speed. [0032] FIG 4 shows the readout circuit 442 of FIG
3 in greater [03%) | Aftdsa poeebsignal iPpiGcessed bhen AIG A6, the reslting 4ignalis| udes a
plurality (e.g., four) of A 461, th y bl ock 463, data b 444, and
a r arfiPIs i HYe 3enriated m@wﬁgﬁ R AHBOKASS. amﬁ{ae 2Pt Tgener: 19%4'@’1 rcuit
480 pr.ovi des ra conpari_son Sie Iy rQ i ne ever 61l:such

¢ nat "R Rty ot AR RO WL G M Re BB bR s H e o
e o Al APt e GahdomGEMR) £ trlrpmm’ f Qs RhGwh i Ot Lt Silke Of
signaﬁs tog downstream %llrcuits. Thle ?%1 si gndl glseneratlﬂjhg clrcul te 480 al so

pr oviSFAMeagdhiegillyideesinoc hale torbel refreshéd dike R ABRanetnoy dysremsithag anal og val ue
on line 483, to every RAM bl ock 463 such that each RAM bl ock 463 is
pr oviideetpoiatt SRAM seli/ssio/amnhavatto dudgetthe itimné (o pérforns theerefiiesheopoations

di scussed below w th reference to FLG 6, a.three cycl el ay i

i ncorPdreRrRarate thy quwtqwr@wc@ﬁaﬁﬁé qteation oThgrefsye.the ugs gitized

code & | ' r conparison signal. As a result, a
LSO ot 008 SBEEpRlccRInghobBTP

the digitize e'1s Signal line 485 (at tinme T3) three clock
cycles after the corresponding analog ranp conparison signal is provided on

signal line 46831Rnt FIGT shelys thOR3ddutkrrnit AANAPICE 8 MbFcdtec@écti®SAR bank
si.gnal on |ine 484, read address. S|?nal on line 486, dock signal on line

488, seonl imEEG s¢,gha reastouk civeuit 642 lebarplusligralg., fomd) cBABSswiilcthebank of
51 gnanemAey Block 403 fath b A ad WramR HERSeralrnE suuis d0; THE Bedt ed 1 o

di t e o ! . . . T )
howi e g G lioR8 kSR RGO S ERTE RIS KR BTG Y (TR

st at 46X sirhRHAT @ch ((ADSABISIE Providdd With e Satde val@e HIUBBahBABOhE sdm¥O
2006/ 137951 PCT/ US2006/ 011590 |[0034] FIG 4 depicts one group of ADCs 461

and aimes Fach RiAdd bl 48 dislconplsd totbus Hddifdr providipg evipatted sighals t&| G 4

represents nerely, a few of the ny circujt t
Pl € Sownstream cexrc)t{ﬁts. 'lghe ramp San gex)llerat'mg circuit 5:28 also provides a digitized

code on line 485 corresponding to a ramp analog value on line 483, to every RAM block
463 such that each RAM block 463 is prox;ided with the same value at substantially the
same time. As is discussed below with reference to FIG. 6, a three cycle delay is
incorporated into the ADC block to synchronize the receipt of the digitized code signal
with the receipt of a ramp comparison signal. As a result, a the digitized code is provided
on signal line 485 (at time T3) three clock cycles after the corresponding analog ramp
comparison signal is provided on signal line 483 (at time T0).

[0033] Every RAM block 463 receives a bank signal on line 484, read address
signal on line 486, clock signal on line 488, and a ce signal on line 482. The bank signal
indicates which bank of the RAM block 463 is selected for writing or reading. The read
address signal indicates which location within the RAM block 463 is selected for reading.
"The clock signal is provided by a clock on associated circuitry (not shown). The ce signal is
a buffer state selection signal which controls the state of a buffer (discussed further below).
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may be included in the entire APS system 400. Thus, all ADCs 461 and RAMs
463 are coupled to the ranp signal generating circuit 480 and are provided

with theyanslopas#oeP signals on Iine 483 and digiti zedpcpesmogoikdone 485 at
substantially at the sane tinme. As such, each ADC 461 and RAM bl ock 463 can

process information in a substantially parallel process. [0035] FIG 5
shows the readout circuit 442 of FIGS. d 4. in greater tail wth
respect to ond088E 48G.4 depirts ope geum) hé@ﬂt“&r@%&é@?‘gm&ﬁqki on of
RAM b k,463.. As seen.in, kI 4 readoyt cincuid 4 | ncl udes . 461, RAM
bl ociteRas o B sRBRgt [akFic s rsBRERH: it lF ity S e Py R ug e anc
461 i 3 OB3R] alll ﬁé}p;g ' nal og

pi xel H%},g%%gﬁ%&g%d | ng%%ggépgggysééﬁ%gg[som a% aé%h?o unnﬂgl%f% I é@% . As

I ndi cohgledivi raidpesigiACgéfidratihg eirciat 48Whnd neqrovided wittptielanalogaampne of its
two associated colums (i.e., an even colum and an odd columm), the anal og

pi xel sighgneh ling 483rmmelrdigitizod chdessareling 485 atraubstaatially atahe sangtinie. Ak il a
mat ch i det ecte The _r c i son sign val ues ar rovj ded t he
ADC 48chyfa: 'tﬁﬁ(‘ag@. an, thieck 4t eancrogess @ﬁ&%@o%mg%%}ebs f’é’é‘é-h}(/%aﬁ‘?(iom t he

pi xel _j ess than the ranp value signal, the conparator 462 provides a
g#ostf:

| ogi c ALSE" signal (e.g., logic "LOW) on line 467. Wen the val ue of
the anal og signal is not less than the ranp value signal the conparator 462

"flips" and prowgsqdesErG. PHFER the Faldout Cicit 442 6FDGs.H £dd' 4 ispag on |ine
467. [0037] Referring again to FIG 5, the RAM bl ock 463 includes a pul se
cont r detat) mdtkredFedt to woe AINGrAS Lasiigirab psocdsingrarcnit4ngaassot#aed pommonefinor y

coch b o S ES Sl AR b o

i or ' mns.. i W Al Byl

oca: o PARAE R 24 R EBERRS et i R BT e o
I's pappDQtompigesdgENOry bank (1). Each nenory bank corresponds to 9
DSMVDB. 1802041. 7 WO 2006/ 137951 PCT/ US2006/ 011590 pi xel s signals from odd

colums or pixel signals fromeven colums. Therefore, for
[0036] The ADC 461 receives analog pixel signals on line 469 from an

. associated column 349 (FIG. 3). As indicated above, the ADC 461 alternatingly receives
signals from one of its two associated columns (i.e., an even column and an odd column),
the analog plxcl signal is compared to the stepwise increasing ramp signal until a match is
detected, The ramp comparison signal values are provided to the ADC 461 on line 483.
When the value of the analog signal received from the pixel is less than the ramp value
signal, the comparator 462 provides a logical “FALSE” signal (e.g., logic “LOW”) on line
467. When the value of the analog signal is not less than the ramp value signal the
comparator 462 “flips” and provides a logical “TRUE” (e.g., logic “HIGH”) signal on
line 467.

[0037] Referring again to FIG. 5, the RAM block 463 includes a pulse
" control block 472, two memory address decoders 473a, 473b, two memory locations
474a, 474b, respectively, and a data multiplexor (“MUX”) 490. Each RAM block 463 has
pairs of memory locations 474a, 474b for storing signals from a pair of columns associated
with an ADC 461. One memory location is part of a first memory bank (0), and the other

memory location is part of a second memory bank (1). Each memory bank corresponds to

9
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exanple, bank O (e.g., nenory |ocations 474a) includes the nenory storage

| ocation for each of the pixels fromthe odd col um associated with an ADC
461 whi I@,P%m; 344§ 9., menory locations 474b) incl udesdiings0®Mis0St or age

| ocation for t]he pi xels fromthe even colum associated with an ADC 461.

[ 0038] The RAM bl ock 463 receives a logic signal from conparator 462 on

coge Mt et Fom ekl B O bindl S5 FOpTER Shimy R BRE £ " b o

463 eqel r £55s 4T4I | | on |line
488 ch?f%ﬂgrcf Q§H¥§§%.gallﬁ?ﬁ9§fi§Ecc si‘igjﬁm Hgﬂe? @ﬁgﬁ 2‘3‘%_@5’ St?ﬁage%écﬁﬁgﬁ ?3‘] k 463

pr oViedels oflfedpiils Hotrpchealdd Hdmh @ssdelarst withah ADCUGIswhilObaH 1 }Fchg., ranp
circuit 480 provides a global ranp signal on signal |ine 483 e.g., an

anal oyemhendbcatiops &7/ ba intledeg ithd miemiiry stosd gedocusionrfos itlympilkels friom t85vels | s
known, a ranp signal generating circuit 480 provides a plurality of-

r ef er@h@@naﬁﬁ%ﬁjd‘\l‘ﬁﬂhénlf@@l‘@land correspondi ng digital codes, generally
starting with a mnimal value |level and increasing to a maximum val ue | evel

(or vice ver t h | ' LI cUi O0__provides
t he anal og riﬁ%sgsfgquﬂﬂgc g@gpeé;gfggg;ﬂogg@ %Elé%tsﬂfog@%g@gg%gra@ & g., three
dock siEiFlige 467 NEb &K feRePABAIYY SHifl lifd 48248 AWisitined 68% repfisentiifl &Y 1S

vari abl e depending on specific circuit inplenentfations. [0040] e pul se
cont ranhlog) ramip siigiAl bagpnaklined8h The R hdodk 468 deoreacyivesie eaadeddredy3a, 473b
control wite access to the menory | ocations 474a, 474h and is discussed in

gr eatsignafien dipe 486} awlock signakomline 48% and 8 seadssignal (uezver ferabben linet§2st ore a
set el s which ,represent nal o i gnal.s_from an odd and an
oven Tt RN Block 43 prdBt bR B B hab B ShHedRFB ool Ves a TRUE |
signal on line 467 from conparator 462, the digital code data provided
three dock cyghss] | aieira@p difcﬁﬁ@%ixoﬂa&dgloibﬁ[rﬁ[migm%n%%al Bnsdg®g ed in
one of the nenory |ocations 474a, 474b depéendi ng on "t he bank signal

pr ovi{dey, amadalowleddsignalendanglobaddiigitd tade entsipraklina €85 oAsliskqodingat al
representation of the a pixel output sigpal under conparison by conparator
462, THFP Signal EEMDEIE G20 450 PV e wbmofpegrmzaealpefwgdevels and

corresponding digital codes, generally starting with a minimal value level and increasing to

~a maximum value level (or vice versa). As noted, the ramp signal generating circuit 480
provides the analog ramp signal on line 483 and after a designated delay, ¢.g., three clock '
cycles, the corresponding digital code on line 485. This delay is variable depending on

specific circuit implementations.

{0040} The pulse control block 472 together with the respective memory
decoders 473a, 473b control write access to the memory locations 474a, 474b and is
discussed in greater detail below, The memory locations 474a, 474b respectively store a
set of digital codes which represent the analog signals from an odd and an even column

pixel.

[0041] When pulse control block 472 receives a TRUE signal on line 467
from comparator 462, the digital code data provided three clock cycles later on line 485
and in turn on line 491 is stored in one of the memory locations 474a, 474b depending on
the bank signal provided on line 484, The ramp code data is the corresponding digital

representation of the a pixel output signal under comparison by comparator 462. The
10
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bank signal provided on line 484 is provided to buffers 499 which act as
swtches on lines 491. As the bank signal is provided to one of buffers 499

and t he ﬁ@?@lﬁﬂ@ﬁ?row ded and inverted to the other bFI?jrﬁJrS%DO?@ﬂF%Ot hen t he

menory | 4a, 474b are mutually exclusively cotple e ranp
val ue signal provided on line 485 at a tinme in accordance wth the |logic
state of the bank signal.4£0042] As indicated above, one of nenory banks is

enabl leatikfsignal peavided ashline434 fscprovided to bufferadO8aviiich agw dstsivitghesion Bugsh, t he
bank signal provided on line, 484 to pul control bl ock, 472 i.s_ al so

pr oVi .t tﬁﬁlgﬁﬂbflg%lrls RrsRyidegh forqrsy dhhitcatySand ;s aj;ts nguded y

coupl . 1 { he r 0 hOR 474a or 474b thro r tive line .491 to
buf § opvegid g’eﬁ‘éﬁ?ﬁ‘gﬁ%‘#"gﬁf’%’n@’ﬁ%ﬁ? fpe foca%%,*‘%%n%?%?%ﬁ%ﬁe Ay and whi ch
menor ' ' C , IE85atS I ' 486, is
enabl%ﬁtél%sgr%%dgggggtq.% tﬁ%ﬁéﬁ‘vﬁ!@@%é}% Elgﬁgggq?% enabtlsa! e%B? é’? Q‘Fbgg%%ﬁ? and the
read withnbskbgic gaeloffhebhdlesigaa. | i ne 486 indicates menory | ocation 474a for
readout, then multiplexor 490 couples nenory bank 474a through its

associated |ine 491 to buffer 492 and buffer 499 does not couple nenory
bank 474a t o [V042] 488 indicatedabeouenoneiofenemonyihanksiscnabled fprcsagowswiritanor y

| ocat jon 474b through its asgociated |ine,491 fro uf f.er 2.

subst heehra y chpbed fiktiing oA Guche B pakiamat ipvidid o kit 482 % gibss code
val ue [ ] . ' MR f itth g{gﬁ} on |ine
467. (%r@fbgl% St%%fg%ﬁpﬁﬁéﬁ#?%?@%ﬁﬁ@gﬁgﬁuVelﬂ}&g?é\%ozkga tod11ne 444 in
r es pofigRsivelytddRipled efthéindlenivipidcdgsn 2744 bng7 48 throdgh ir€pattiverlidel 4% A4 i s
provi ded down stream for further processing by other circuits, [0043] PIG

6 shovsffarH92pidpsedingrmn whidbl roetaony7Rankn d.grdaok @, beal d eandi@hichahei®diyl bl ock 463
in greater detail. Pulse contgol K block 472 in des buffers 571, 573, 575
and t\RGatKE 38 e teppninedefayrthe gep a@cbrﬁsscfa&%%an%@ggeﬁgpa@sdgp 4in FIG 5,
in ° e 1 : 2 zoder s
15 TR ORI 81 900k PG00 Pl IREKAALE i FRIEN SRR s
MeNnDr 486l ftRekeds iddolBloRatibie BY 5 R iréddoRf ahesl ﬁﬂﬂgﬁﬂeﬁ@r FIPYEuples MBRiosy rcuit in
lieu of the two separate circuits 473a, 473b depicted in Fig. 5. 'Menory
decodeanksdta theoughess mabtiaet dinerdd 130 buffed 49DavbbufiB049% dows v @MPEY 137951
P 2 1
ctl UI?IC?HOO?Z)/[ gar}]cS Z%La to line 485. At the same time multiplexor 490 uncouples memory

location 474b through its associated line 491 from buffer 492. At substantially the same

time, bank 1 is enabled for writing digital code values on‘signal line 485, depending on the

value of the signal on line 467. A signal stored in buffer 492 is selectively provided to line

444 in response to the ce signal provided on line 482. A signal on line 444 is provided

down stream for further processing by other circuits.

[0043] FIG. 6 shows the pulse control block 472 and memory decoder 473
of RAM block 463 in greater detail. Pulse control block 472 includes buffers 571, 573,
575 and two AND circuits 511. Although depicted as separate elements in FIG. 5, in
certain implementations, pulse control block 472 and memoty decoders 473a, 473b may
be framed as a part of a single circuit. Purther, in FIG. 6 memory decoder 473 is a
representational depiction shown as one circuit in lieu of the two separate circuits 473a,

473b depicted in Fig. 5. Memoty decoder 473 includes multiplexers 517,

11
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[0044] As it is generally known, conparators operate and provide results
asynchronously i.e., they can change state at any tine and the state change
has no r @gddoiz79k0 the clock used to control the ADC rpmpusmisonasst he RAM
bl ock nmenory. Therefore, in a synchronous system such as an imger device,
it is inportant to resynchronize signal flow As seen in PIG 6, pulse
control: block.472 incl udes t e buffers circuits'571, 573 575. Each

buf fer ci rcuﬁoﬁél,&$§§ S  GERIP2EAFRIS OPGEALE 304, PTWide 1558 Bagat i on of

t he ' g £ 1.0 C . r ack cycle
del aﬂ%ﬂgédlgegg'? %”Bhée}h&ﬁf%ﬂﬁglgg 1%‘?lgena{to yttELngc %‘?‘g% St%;%;égﬁng% lﬁ"{%él%grﬁﬁggﬁcont r ol

bl ocko4HZeloft hikAUD toneR) SEADE kinp Bodd Gichg RAWPKlodlostentoty! Thefdfeps, any

amount of the delay can designed as part of the system [0045] Pulse

cont ok spichicknelsdysteme swvabsastdnanmagenddvicep it it impatapiaoatsynck®izenignal ne 467.
Usi ng, t he,dock ;signals provided on |ine 488 and the buffers circuits 571,
573, HoyzcAs sega %E&@e%ﬁﬂﬁ? eentplddeckid7 inshndss thyea Rufes simwisnd(ls 5¢Bgnal from

t he ator . 462 t.0 nous sj gpal j ch.i,s provided to | ogical
AND 7Bt ot et SRl 520 S 37 Braad e £t e Rl og s HloPieten e % gna <
on si | RTIdcKAEL0 [ i I/ ' d on the
Si gnasghraietgg)%ﬁ%f%ﬁ%e corrpélacrlatofdglrli]%s’gﬁ%&g%&czglg?g?g’g% %ﬁ%fit\t}\kﬁfher to
enabl [ﬁo%agﬁﬁﬁﬂ iof theggidl ehrduph the puBe 266@65bladld472 .oxAilﬁmén lepiRedar il | at e

signal based on that determ nation. [0046] The nenory decoder 473 i ncl udes
mul t ihaviagerthr&icdockngycleedadiyy eny rmaunt afideatsbysiaysgbignedias paanhif thiegnal s in
addition to the signals received fromthe pulse control block 472. Each

nul t iSp"&Ror 517 is associated with a memory |ocation 474x, 474b and

provi des signals to its associ ated nmenory bank. The signal from each

ovi d to it _ _ _
NULL 51 gnal FAV3F Bl B5hedl YoEL £77 AcTans Blciiaie, SRC BRRRLB A crent)

(004 Tine W67 . nEsing Yhéldlooklsipndld Bravidal 60lih¢ 288 284 €les buffers tireuits 81y isgBal  nmenory
| ocations in the RAM bl ock 463. As indicated above, for sinplicity, PIGS. 5

and 675t palsointraidodknEy brawierts anesynchrmons sigankirowrthe spmpdiater menor y
such 400 HeRaonaus Sgetl, which IpBierEAomEaAND arces $117 Top&l A Y
circuits 511 also receive bank select signals on signal line 484. The memory decoder
circuit 473 determines, based on the signal received from the comparator and the bank
select signal whether to enable a memory location for write access and provides an

appropriate signal based on that determination.

[0046] The memory decoder 473 includes multiplexers 517 and receives read
address signals and bank signals in addition to the signals received from the pulse control
block 472. Each multiplexor 517 is associated with a memory location 474a, 474b and
provides signals to its associated memory bank. The signal from each multiplexor 517 is
éither a write enable signal, read enable signal or a NULL signal (e.g., either no signal or a

signal indicating no enablement).

[0047] The memory decoder 473 also cbnuols access to the individual
memory locations in the RAM block 463. As indicated above, for simplicity, FIGs. 5 and 6
depict only one ADC block (i.e., ADC 461 and corresponding memory locations within
RAM block 463), but are represcntatﬁrc of a plurality of such ADC blocks. As such,

12
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WD 2006/ 137951 PCTI US2006/ 0115911 al though the nenory is shown as separate
menory | ocations 474a, 474b, in an aspect of the invention all of the

menmory | Qedde@idroéi/4a, 474b in a RAM bl ock 463 are partp@fuySesotibsack of
menory. Therefore, read address signals and wite signals provided to a

menory decoder 473 indicates a particular location within the nmenory bl ock.
If a rrultl exor 517 nprovides a wite signal to npry Iocatlon 4744,
474b,al Eéhbﬁgﬁwa‘i shoYYRSSEpRIate racmawdp@%uons 417%% ,\Pamésgchﬁ I

82‘32'@%% arrphal okt miirotntpalom £ AT HIRIOAER S idlr ot 452‘5;' /i ne
486,
o) (HELE EnBEP) TREREHF, 48 a%ﬂmr%‘.“’%ef‘%‘%%ﬁ%% SR S bRy T et

473 dhceded 4RSindhacsd [ﬁﬂtlddlﬁ loeaibnadigiiia the sicgnery blocknd If hauipléxdgisdral
whet her to enable a nenory location in a nenory bank for read access and

pr oviptesidana syite signaltoe mf:gmy lasatient4 Oda, ¥ 4D, dmmcmmaﬁ?fkm 47¢hestavember of
address, J|lines depend unber. of pairs of nenory |ocations 474a,
474b Cf‘g'éil Lﬁoﬁé ’r@é&’ ng’rﬂq%‘f?ﬂl as suggested by FIGS. 3-6, RAM
bl ock 463 has a pair of rrermry | ocati ons 474a 474b, for each ADC 461,

al t hough onl p Is I agr am
representi ng)taegﬁn dﬁgtqié&g%\gg%?igg’q%%qont e4aé fl?ggl %C&énc?asr_ff)&ﬁgaﬂ 6. Wen

the oehduddres i pa)vma &ﬁiihé fead aH&ﬂ:k%qﬁlaﬁih@ 186 Rvkich 1§?£bv1déd|‘t% thenpar at or 462
flips, three dock cycles later the nenory is enabl ed for witing. Wen the

rrermrmemsr;ededoidedcmdxhﬂé&%l Tibe oéadt duklresa dpsigadtesewhich ma¢mosy lstmceﬂmtinnl he -

] 0 IO e By T ot 2
AL Ly O T AP, T,

When 4ot ra0idlesh § ]%lﬂ%ﬁhatfcrsiﬁﬂaﬁbﬁc&@n thic AEEARRRGORATHE AR addRbgnal from
t he rarrp circuit (assumng the ranp signal direction is mninumto

maxi ntiey 486Hdependscor trepairaber of pairs iofl esneory dopatiofis Bia, 474bLiEkY regirgaal . When
the sjgnal froma pixel is equal to or less_than the signal fromthe ranmp

ci r cAddressingy Hosexarmplepas sggested by FhGs: 3:6) B4 62 hasiy R OlEWALY, 13
locations 4744, 474b, for each ADC 461, although only one pair are shown.

[0049] FIG. 7 depicts a timing diagram representing a single write operation
of the circuits of FIGs. 3-6. When the output of the ADC 461 is a logic HIGH or TRUE,
e.g., the comparator 462 flips, three clock cycles later the memory is enabled for writing.
When the memory is enabled, the value of the ramp value signal is stored in the memoﬁ

location.

[0050] - In FIG. 7, four signals are depicted: the clock signal (“clk”), a
comparator output signal (“comp_op”), a bank X write signal (“bankX_we”), and an ADC
ramp code value signal (“ADC code”). The comparator output signal comp_on represents
the status of the comparator. When the analog signal from a pixel is greater than the
analog signal from the ramp circuit (assuming the ramp signal direction is minimum to
maximum), then the coﬁlparator provides a logic FALSE, or LOW, signal. When the
signal from a pixel is equal to or less than the signal from the ramp circuit, then the
comparator provides a logic TRUE, or HIGH, signal.

13

DSMDB.1802041.7



DSMDB. 1602041. 7 WD 2006/ 137951 PCT1uS2006/ 011590 [0051] The bank X write
signal indicates whether a location within bank Xis enabled for storing
data. | nw sRERsMdssyst em having two banks, e.g., bank Operusmopoiised of
menory | ocations 474a or bank 1 -- conprised of nenory |ocations 474b, it is
assunmed for the purposes of the depiction that one of the banks, e.g., bank
0, has been previously selected as the bank to be witten to. The ot her

bank, e.g., POOKLN, Thababkwiitesignal fdicatesavisetheth lesatiore withitkbank Bés r ead
f |s f th t f bapk .1l t sh FIG 7. The ADC
i o1 AP ader SaRDE dgiig 1A FSTORE Sar<dh BaYing B £58kY S AP -ROmRbg T amp

t d
he RIS Eohs 473 SRRREK 1.7 Fomphbl OB R s 720, R ESERANT O 1 <
not  Sfar ki, &@escs[o@ﬂ@a%ﬂléwoxﬂﬁfat b o?ﬂ’f&%rﬂf@rﬁ% Bhiile0, mer)ee&@ymdusgm zation

by the pul control block 472, the rising of edge of the conpar at or out put

pr odusekestesll as gl bynlgroeld writtehhan ']thmthcmbanﬂcee kartgnk e hus béem mrevidbudy pul se,
bank x -we, for the corresponding signal line to the RAM 474a, 474b. [0053]
For eszbﬁwrieas the:bandpter be resd frgm g Signalgi @rthequ@rafm@ﬁba@k ate notshoWmilF| G 7,

he. gt val 1% AT BERRLE o B S e SO o Q@Pyﬁwquﬁésaaﬁﬁ' PRIV o

Th th
g L

what tsmbyin@altkma&va? M&ﬁt&ﬁﬁd/tr&m frémgthd indéntion e not o h&@tred exanpl e, menory
bankO e.g., nenory location 474a, is being witten to then X corresponds

to the | ogi ca resentati on of menory bank 0, e.g., menory |ocation 474a.

At ti rre t3 t[lﬂe %I]Dghaldcslmbemqulmmtﬁeatthct mynthmzatsomb\}' theeplseo t he
from n{ﬁ S BlocRl, di.siipn onends of s cammatonouRut proRsp Wl 8 ots o
by "t gl LR ol phlsE) Gl WE, fhe ESRGBRRGASRPLAET DT ™o

si gnadostheRAIAAT4al 4AP6s processing signals received fromtheir respective
associ at ed plxels and providing the results of those conparisons to the

associ ated | ocations in the RAM bl ock, )
, [0053] For example, the operation of a single write operation, as seen in FIG.

7, begins at time t0 when the comparator output comp-op flips, indicating that the digital

' representation of the analog pixel signal has been identified. Three clock cycles later, at
time t3, bank X_we is generated and the memory location in bank X is enabled for writing.
The value of X depends on what memory bank is being written to at that time. If, for
example, memory bank0, e.g., memory location 474a, is being written to then X
corresponds to the logical representation of memory bank 0, e.g., memory location 474a.
At time t3, the digital ramp code value at that time is written to the memory location 474a.
Thus, a digital representation of a signal received from a pixel is stored in memory location
474a.

[0054] FIG. 8 depicts a timing diagram representing a multiple write and
read operations performed by the circuits of FIGs. 3-6. FIG. 8 depicts the timing of the
logical signals of several ADCs processing signals received from their respective associated
pixels and providing the results of those comparisons to the associated locations in the
RAM block.
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14 DSMDB. 1802041.7 WD 2006/ 137951 PCT/ US2006/ 011590 [0055] In FIG 8,
fourteen signals are depicted: a clock signal ("clk"), four conparator

out put siwgoab®/187onp_opX"'), four bank wite signals ("lpamkis2evsidiiseo an ADC
ranp val ue signal ("ADC code"), a bank signal, ace signal, a read address
and a data out signal. The conparator output signals represent t he

oot ot ' cor 100BSha Tpatha. Erhean Hedatars Bipictashy a clodk aal (DR aF © P X
corrpa&;Hl ratd) 8&5@.&% &%ta.Lc(gl:&nEAﬁlrﬁF’ yRur Rur b w?ftg hals %hﬁcxﬁ gnal froma

i xel res on he ranp rcurt en thé conpar at or

pr OVIABCﬁmi fic FRME( «Amrtsaé»)swmggda@mmgm DAl adelidsears] gaahs

i ndi cat e vvhether a Iocatron X within bank is _enabled for stori ng data. In
a menoutsignebt The hampagmtd)wmtpanmgmlere@resemﬂnlc rOspeadvedsiatas pf fourt is assuned

for the purposes of the tro t hat, gqne of the bank nk 1, has
been C%PW?‘&%@WP@&I TOIRAPIK 49@3 @t ?Qré‘FFPPBa tfrﬁhe ﬁ%ﬁg OFank,

S onaltE e Sl er@rlitﬁr §hm% ev'agoirfr'rz% 28} SRR DOV, Gl B O™,

depi C§ e s g?ﬁf&( %Hé‘t(f il fopf th@‘% Bhrc{lﬁcﬁfehocﬁ@ cofh ﬂﬂtor474b t he

bank X1in |cat es whicth of the r sets of menor | ocations is

enablpﬂwfd&&a&b@cmabmmﬂﬂgnal.n a desi red enbodi ment, after the
resynchroni zation, the rising o edge of the conparator output is converted
to a one cycle Iong ulse, which is used as the wite control for the

correspondr ng[ 0968 hal he bankewriter erdmrawlmhwlpsmxméuamlat%n of a

11 om SRIPU et T R aloeoh (T o B PERE TR BT o o

the sjghakuyhes tmad @of Hede %ﬁ'thﬁla&mt@%e iR, 'cfg ephok MRS HEQLK

cycles later, at ti t3, the fi rst |l ocati on menory | ocation 474a in bank 1

is enpthEﬂiSEr@elcmdtasﬂgebaﬁikﬁdhimmﬁﬁnm Whgiotladr bankige.gqlbaak 81 hadtdent i me is
witten to the first menory | ocatign 474a. Thus a digital  representation

of a Bicyieaslyseleeted as the bﬁﬁkp‘i%‘%q repd frony r Signalp fox ﬁhstomeﬁaw | gk aspnat 4a.

[ 0059], Furt t he. c r t he second,. third
and f%)tff’r 2% 836%‘9 Ff‘?%‘i Pﬁ%?’cg&gt Wﬁﬁ@ %‘ﬁ%“ﬁﬁflgﬁ% 5F‘e 8 P ati on of the
I eSPefchiinsS 4 PPRI474b, the bank write signal X indicates which of the four sets of memory

locations is enabled for storing data.

-.

[0057] 1In a desired embodiment, after the resynchronization, the rising of
edge of the comparator output is converted to a one cycle long pulse, which is used as the
write control for the corresponding signal line to the RAM 474a, 474b.

[0058] The operation of a multiple write operation, begins at time t0 when
the comparator. output from a first ADC 461 flips, indicating that the digital representation
* of the signhal received from a first pixel has been identified. Three clock cycles later, at time
t3, the first location memory location 474a in bank 1 is enabled for writing. At time t3,a
digital code value at that time is written to the first memory location 474a. Thus, a digital

representation of a signal received from pixel is stored in first memory location 474a.

[0059] Further, at time t1, the comparator outputs from the second, third
and fourth ADCs 461 flip, indicating that the digital representation of the respective signal

received from the second, third and fourth pixels have been identified. Three clock cycles
15
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received fromthe second, third and fourth pixels have been identified.
Three clock cycles 15 DSNMDB. 1802041. 7 WD 2006/ 137951 PCT/ US20061 011590

|l ater, afyoldhishds; the second, third and fourth nmenory dag@dnssnaiség4a in
bank | are enabled for witing, At tine t4, the ranp value at that tinme is

witten to the second, third and fourth nmenory |ocations 474a. Thus a

digital representation of a signal received fromthe second, third and
f our datepakbme t4y theseoond) thisd ppd fewt memarilocations 47 dain bankeharegnabledt i ons

¢ cad BB B B Vg PR TS o et @éﬁ%%?%%ﬁ“tléﬁ E%?%ﬁ&,”éﬂérﬁ%n@pg‘ﬁﬁ onof
e PRER Rihep loce L 1742 THUCE bty PH-APRGR B R biae PG O T P

bank sdcdndl, EiAPARLIfduRh Pkl afdstord ih thEsdcnd | therd Prfuslahosi16&aionpr ovi ded
on line 484 enables the buffer 499 associated with the menory | ocations

474b 47dai sol ate line nmenory | ocations 474b fromrespective |ines 485. The
bank select signal also couples nenory |ocations 474b to respective buffers

492. At tinme t| when the ce signal ,is provided on line the ce signal |ine
482, data o 10080) fPﬁ*ﬁa%nJéo[ﬁiémsw tipingdipgrm epgesentiags Ml aeadon 474b and

provi L hr ils _al € | Linl exar, 4 . fier to line 444
o ashRBrbEaRr chofpdtIRER 3R A ohel B Aot udior AR Eoel®Brcd remory

| ocathegihs b titdee00nRl Mls%%misqo%} 16, it 0, e REHBR D i Chabl&pfd¥ENOr Y

| ocation is provided. [0061l] FlI 10 depicts a signal processing system

1200 readding it substandeally the samettinie thpit behk 3 dnamablal foawriting. adcimdabohew t h

anot her_exenpl ary enbodi ment of the inventjon, The signal processing system

ézoo b@ﬂkg@% sk m%@@?gi 4?%?@@hlmci £429 associa the m@m@mf ar eI

i i i [ 00 PS 200, i
v ogg8n B78h B8 ol Bhe memiy B8R irdb HoRy lREM: hatrans SIBEER 1 550 | 6
di ff %El?&tséé[{sai)g&n% gg‘ll@ee@{%ﬁkﬁo 15 GHbhs 274 (S epective buffelsi@db, T HH circuit

1242 of t nt uses one ADC 461 to readout and igitalTy convert
anal athenl thoat sighalisprovddebbn tins tlack digval lined 82§ dithés eud Gonatheayedd; i nst ead

of two colums and a single row of the pixel array 230. Further, there are
two location, e.g., memory location 474b and provided through its associated multiplexer 490

and buffer 492 to line 444 to downstream circuits. Data is provided downstream from a

stored memory location in the one clock cycle after the read address for the memory

location is provided.

[0061] FIG. 10 depicts a signal processing system 1200, which includes an
active pixel sensor array, in accordance with another exemplary embodiment of the
invention. The signal processing system 1200 differs from the FIG. 3 system 400 in several

respects, which are described in greater detail below.

[0062] APS system 1200 includes pixel array 230 connected to a readout
circuit 1242. The readout circuit 1242 is different from the readout circuit 342 (FIG. 3)
in that readout circuit 1242 of this embodiment uses one ADC 461 to readout and
digitally convert analog signals from two columns and two rows of the pixel array 230
instead of two columns and a single row of the pixel array 230. Purther, there are two
pairs of memory locations associated with each ADC 461, each pair in respective memory

banks (0, 1) for storing a digital code representing the conversion result from a respective

16
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pairs of nenory |ocations associated with each ADC 461, each pair in
respective nenory banks (0, 1) for storing a digital code tepresenting the
conver si o b@gLbiosi rom a respective 16 DSMVDB. 1802041. 7 p¢DuR06H139P51

PCT/ US20061011590 one of the pixel columms. The pairs of nmenory | ocations
are grouped together in a RAM bl ock, [0063] Readout circuit 1242 incl udes
mul tiple anal og-to-digital converters 461, two pairs of storage |ocations
1274apnd af'the pioed colifds, THR7pairswif nimony degetions we groapkd t¢grthd)in afRAEMr andom
acces rrermry (RAM bl ock 1263 associated with each ADC 461, and a data
pat h logkwhi ch receives the stored di gital values in RAM bl ock 1263 and
supplies themto downstream processing circuits. Each ADC 461 is coupled to

345 of the. pi 658 HSip0RkFrcuif T Bllide Owﬁf&lggﬁ%ﬁge‘ﬁgﬁﬁi&@ﬁ%%@ 2 O
pl ur a%i}’%vm a%é?ﬂ%(ﬁ{&agé’dﬁy@a&éﬁsﬁma 1P 19/ 4c, AD7EH wHeHiN T0Bedd W | |

consist © even" col um 49 as "depi ct ed G 10. If a

pi xel bailsdp, 26f 4 fandohtficStnafiosy (RANRbldck 106 3cdsboiured wmatmmm he pair
of pixel rows 348 will consist of an "odd" and an "even" row 348 as

delol c#6d, and Fdaa rl])ath 44rhwhichi lgn?ves:thnetoa@bdlgital é’eAMrblmbdman? L WO )
49

o onaripicthedn B donaitean DrEeBesitiss Fach BoR LS Eét&i%d“ e paybe.

gﬂl&ﬁr{a %Ey@g%&ﬁ%ﬂt% 3?613}1; #9@181{%4’% ?&D%pl ngv? ?urms%’lee%% h ADC

461, DBO! 3f a PixeLarPHSFIhs PefRived 4 a Phfhli la%aahntla@eh%om@ , tiaphit 0 pi xel

colums and have nore than two asSoci ated nenory | ocation$ for respectively

st or i pixeticginas 3¢9 iwill sonsigrafserfioddy andlaa “cmni’nmlsmgu%%as depiged iiTRKs.si ze of
t he ock 1263 de ends on the rchitecture. .In the FIG 10
enbodllﬁeg-%api"ﬁé 3 peresiieies a [ﬂg GYEB TOWBURA PRI PEEDL 1 ows,

the BT BERR0E %%*%?i?mééﬁsi%@ et ’%gﬁ?éng B S IR HGTETIRED Ok 126
s asipasl [pleathMtab chplés ADRDE8] td\ews BSImrRt34958 ShoRh abh siv@ld nelind

associ ated nenory |ocations are in RAM bl ock 1263. The size of each nenory
| ocat isoonlyl eqpreststative ofi bowi the signal paths are combined. For example, two columns
signal paths maybe multiplexed to each ADC 461. It should be appreciated that while the

exemplary embodiment shown in FIG. 10 has two pixel columns for each ADC 461, it is

-also possible to have each ADC 461 handle more than two pixel columns and have more
than two associated memory locations for respectively storing digital values representing

‘the column signals.

)

[0064] The size of the RAM block 1263 depends on the desired architecture.
In the FIG. 10 embodiment, the ADC 1261 is multiplexed between two columns and two
rows, and the RAM block 1263 bas associated two pairs of memory locations within the
RAM block 1263 for each ADC 461. As seen in FIG. 10, the RAM block 1263 is
associated with four ADCs 461. As such, at least eight pairs of associated memory
locations are in RAM block 1263. The size of each memory location depends on the size
of the information desired to be stored. Conventionally, digital codes produced by the
ADC’s 461 are twelve bits long. For example, to be effective, a RAM block 1263 has at
least as many memory bits that are used to stored the digital representation of the ramp
value (discussed further below) for the number of shared columns,
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of the information desired to be stored. Conventionally, digital codes
produced by the ADC s 461 are twelve bits |ong. For exanple, to be
effectiv I%lf\z) ock 1263 has at |east as many menor j Ehako2r € used
to stor eg"‘??"é’ﬁa' 69( al representation of the ranp val uei‘f?{‘iuégogs/sgggfurther
bel ow) for the nunber of shared columms. 17 DSNDB. 1802041. 7 WO 2006/ 137951
PCT/ US20061011590 [0065] In the FIG 10 enbodi nent, during a readout of

si gnal s from[pogspi 1gltheFIGY 18 3thbodifeADEErAS 4 réRIGHL Ve siEhAIN AL fheom t he
pi xel s 350 row by row as is knowmn in the art. As the ADC 461 is shared by

two cpikelrusy 2439, tle ADst Gl eoeivhsighalofrom therpixels3330 o by wowras issknmma
processed at different tinpe row, each ADC 461

. For exanple, for a selecte A
recei e arfd A thea3e46] ’Qﬁ§4f§d§>6’t§’9 wrgs 3¢9, pignals ¢ feCeluBsa pi xel
350 i Its, respective odd | 349 in an odd row 348, At di f fer ent
(oi t et LU He Procteskahidifires fues' ok abelonder s Ml A ! ocesses
signa | . ' : ' I 3l pective
even %%Icﬁ&ngf 4 &?ﬂ%‘%b?&ggsggﬁ%f‘t sk,'[b E%“ | fe?éﬁé%&ﬁﬁgrf%#g?egi ng or
succegdicggictive Ged cohffin A2 idad oddaeiwdis. alith diffeean{ eishai gecidingddr
substantially the same tine froma pixel 350 in its respective odd col um
349 i mcaeedingirtime,cmack ADC A6 Laediivdsand proqesics signalp atadutangially thewsemeedi ng)

; 'f e ﬁ%&?ogfﬁcwé? %§|§?;ﬁ§r%vr€sﬁ°é§?q? B0 P L F T B P RO A E&%ﬁ@%ﬁt? IQSV 348
St or ol B! PReedb BalBeRhBt BROS PalaBh, Al el Blen i BB A 8, 27, 1

di gi t albs@ffig theSRIRIANE oy & pBlel 856 idR@lespdceive BUIRLIUTRE 349 iRhn efch col um
349 and an odd row 348 is stored'in nmenory |ocation 1274a; a digital signal

r epr exenB48.i W aafiffereat (ritder preerdingiorsiicc@&dinghtione, eachrADE] 4Ginrc8didesaamdl an odd
row 348 is stored in_nmenor thilocatio,n 1274b; a j git.al signal representative
of a BIOGHHEES $& ‘}fi%ﬁtﬂg‘S Y; the same gancEPRAPEAP I§rTetREEHYE ¢¥6H 348 i s

st or ed y ] ti 746 . di git ' ' tative of a
si gna?om'%rng%r?n‘i%lﬁlxaé’l 8%%60%23%8% é\f}%rngg%r’% ﬁg“ %&ﬁ a%%écg{r}%lei\’/rég@(g%ggﬂ c! s stored
| N NefRhlink ARl BRtoréd if the 458618t d Mdmork loBoNf blstl EXg80 WorCkhmplel a 1242 of
FIG 10 in"greater detail wth respect to one ADC 461 signal processing

ci r cudigitaidigrzd sepresthextive af isgmabfroRApikel 350 in an odd column 349 and an odd

tow 348 is stored in memory location 1274a; a digital signal representative of a signal from
pixel 350 in an even column 349 and an odd row 348 is stored in memory Jocation 1274b;
a digital signal representative of a signal from pixel 350 in an odd column 349 and an even
row 348 is stored in memory Iocation 1274c¢; and a digital signal representative of a signal
from pixel 350 in an even column 349 and an even row 343 is stored in memory location
1274d.

[0066] FIG. 11 shows the readout circuit 1242 of FIG. 10 in greater detail
with respect to one ADC 461 signal processing circuit aqd associated portion of RAM
block 1263. As seen in FIG. 11, readout circuit 1242 includes ADC 461, RAM block
1263, data path 444, and ramp circuit signal generating 480. The ADC 461 includes an
ADC comparator, 462.

[0067] The ADC 461 receives analog pixel signals on line 469 from an
associated column 349 (FIG. 10). As indicated above, the ADC 461 alternatingly receives

signals from one of its two associated columns (i.e., an even column and an odd column)
18
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bl ock 1263. As seen in FIG 11, readout circuit 1242 includes ADC 461, RAM

bl ock 1263, data path 444, and ranp circuit signal generating 480. The ADC
461 inclwgeﬁ%we}ﬁ79 DC conparator 462. [0067] The ADC 46lpdeceoy@aidpal og

pi xel signals on he 469 froman associated colum 349 (FIG 10). As

I ndi cat ed above, the ADC 461 alternatingly receives signals fromone of its
two associated colums (i.e., an even colum and an odd colum) 18

DSVDBRnda8204sociati 3a0@ e 1, 3135 en RET 20 0ddaawsoibe analogpixel sigsalds at ed rows
(i.e., an even row and an odd row),, the apalo pixcfl si%‘gn,ﬂl is conpared to
t he SOBMAFeskto theSERSTISGIFEAPNE Fﬁ%ﬁlgﬁﬁtma%‘g%ﬁ decied e PEPMBhe ranp
conparison signal, val ues are. provi,de e 1 | ine 3 en the
el beogivaren SERulbiet i AoieBa B WEAPOA Ro e 4% el B wl o T o
val u i . : ' | % | e.g.,
| ogi ?@%k{&ﬁxﬁ@% ﬁ%/\cﬁ%mnétqﬁlgs vai Ee, o¥ btk%ﬂé gaiﬁg?lbg Sl gr‘Pa#dtlag@JrS\%g I gss
than grosideaatogicl UBABSBNSignal@.« OopRI UIOW™3 62 lir 475" Waied the alnclofthea

| ogical "TRUE" (e.g., logic "H'GH") signal on line 467. [0068] Referring
agai renalogrighal isotti¢se tmnhis ramp vale3ignatthedomparator 462 “fapst mnil ppovides 1272,

four nmenpry, ss decodey. £:32, 27311'!3)% 3c, 1273d, four nenory
| ocat? l@ﬁ&“—%ﬁé&&ﬁl@ﬂb{?%ﬁﬁ%éﬁfg?%& r s %ﬁel y, and a data nul tipl exor
("MJX") 1290. Each RAM bl ock 1263 has two pairs of nenory |ocations 474a,

474c and 471@%6@2”’%%%%%2&#@8 P‘ibng'&]eszﬂW 190k 1998 iﬁc’l‘udi’csg‘?ﬂéﬂsf;:o‘c col ums

associated w WO Menor ocations are part 0 I rst nmenory

bank dddirol Bk 129 29Fdi8 mefiBARIAdrds dadddets1 23R, RV 3b,0F278c5 8273 fomnory bank
(1). Each nmenory bank corresponds to pixels signals from odd col unms and

even memornlocaticus 1@dday b7 4hy, 1274e) ll)%%?msxscﬁvdmarlddﬁdamctlndﬁplnxmol ums in ag
A , 0 . q., . [ 1274
‘i’é%“WEi@@f Bah B LS| Hi3ch Gyamebh o RisFoQAEAnT ﬁziépfi%épsl onf{
) il . v 1
(00 o 270, YR (E0IHRE sighalt Hond G AR5 B SHEHE LibboR dscolinedSiit iy © Do

| oc atADméprT%%cm'Bépl&aﬁmraré Bﬁ‘t of 4 figi @Sy Ku@lk{ 0N Sandthe \betikr! OWS
associated with an ADC 461. [0069] . The RAM bl'ock 1263 receives a logic

si gnamefmpgnocatiparaat part462 second memory bank (1). Each memory bank corresponds

to pixels signals from odd columns and even column in an odd row or pixel signals from
odd and even columns in an even row. Therefore, for example, bank 0 (e.g., memory
locations 1274a and 1274b) includes the memory storage locations for each of the pixels
from the odd and even columns in odd rows associated with an ADC 461 while bank 1
(e.g., memory locations 1274c and 1274d) includes the memory storage locations for the

pixels from the odd and even columns in even rows associated with an ADC 461.

[0069] . The RAM block 1263 receives a logic signal from comparator 462 on
| signal line 467, a bank select signal on signal line 484 and a digitized code representing a
analog ramp signal on signal line 485. The RAM block 463 also receives a read address
signal on line 486, a clock signal on line 488 and a read signal (i.e., ce signal) on line 482.
The RAM block 463 provides data on data path 444 to downstream circuits.

[0070] The ramp circuit 480 provides a global ramp signal on signal line 483
(e.g., an analog level signal) and a global digital code on signal line 485. As is known, a
ramp signal generating circuit 480 provides a plurality of reference analog value levels and

19
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signal line 467, a bank select signal on signal line 484 and a digitized
code representing a analog ranp signal on signal |ine 485. The RAM bl ock

463 al so pRYRoYEH9sy read address signal on line 486, a | on line
488 and a read signal (i.e., ce signal) on |line 482. Thlgé'%ﬁgﬁ0§+/&q%lo463

provi des data on data path 444 to downstreamcircuits. [0070] The ranp
circuit 480 provides a global ranp signal on signal line 483 (e.g., an

anal ogori@pehdifz @t cadel, gertdraladratingiviie a GRien0RalGe devel add Meredfibg tds is

known, a “ranp signal generating circuit 480 provides a plurality of
r ef er @meginuralvaledevel o Woevasands nbeed)ShOBB6igoaligeneABngeienit 38951

PCT/ US2006/ 011590 correspondi ng di gital codes,, generally startin ith a
mi ni nRYOviges tie w&eﬂ ra@msxgagr@dﬂ%&%p Htordcsighates AR 6 e tL{Q?rC?Qﬁ\i\‘Ace
versa)..As,noted, the r I gpal gen ti krcuit.480 rqvi des the
anal Oé'c}egﬁr&csclogﬁgﬁonéﬁng aﬁtaﬁggﬂaa%ﬁﬁ? §%§ Iﬁgé@*‘é’ﬁgf’%‘&% eﬁieépnagl L three
cl ockg I b fapending digital code on line 485. This delay is
vari amegmgéggﬁé?tﬂ lcg%rnlispeci fic circuit inplenentations. [0071] The pul se

control block 1272 together with the respective nenory decoders 1273a,

1273b, 1273c,[0DZ13d Tionpuled comtidleblaakcl2y togethize withnhe yedpeciite namoryl 274a,
1274b, 1274c, 1274d. The rrerrgzrl)%/ | ocations 1274a, 1274b respectively store a

set ofleagidgistl7 3aplidE3 M7 I3§{ ?étmiﬁrql mitaﬁmcgegt%ﬂlgrmugoml@ﬁat@nsOdg and an
' ' T ' 1274c, 1274
Feopeltrng7Bbofrdd 18040 e Ghemoty ToGoes {72 124 S&Wéigﬂ%s@ﬁea‘l‘ogm
. = . . A
ul oot of AR oAt R it Pl ool PR an RM oSS TOPT o

462, pirel idiagi ddl rovedThe alcndfyduidias 1DV 46 107ddresprctiady stated seeiof digial 485
and in tamon line 491 is stored in one of the nenory |ocations 1274a,

1274bgodes mhich reprastat thepmaltigsigmnds v panrdd aidpratveprephiige gixehin ameves84 and
the row signal provided on |ine 1297. The ranp code data is the
corre¥Pbnding digital representation of the a pixel output signal under
conparison by conparator 462. The bank signal provided on line 484 is

o ov1 90 10 NP1 WA LS Ry B RS 0t M ofad Bz

| nver fifh éompdietopdea! tiMdigRikscode data provided three clock cycles later on line 485
and in turn on line 491 is stored in one of the memory locations 12744, 1274b, 1274c,
1274d depending on the bank signal provided on line 484 and the row signal provided on
line 1297. The ramp code data is the corresponding digital representation of the a pixel
output signal under comparison by comparator 462. The bank signal provided on line 484
is provided to buffers 499 which act as switches on lines 401. As the bank signal is -
provided to one of buffers 499 and the signal is provided and inverted to the other buffers
499, then the memory locations 1274a, 1274b, 1274c, 1274d are mutually exclusively
coupled to the ramp value signal provided on line 485 at a time in accordance with the
logic state of the bank signal.

[0073] Asindicated above, one of memory banks is enabled for readout while
the other is enabled for writing. As such, the bank signal provided on fine 484 to pulse
control block 472 is also provided to multiplexor 490. In one exemplary embodiment one
location in a bank is read out at a time. For example, if bank 1 is selected, then 1274c¢ is

selected for read out. In another exemplary embodiment a bank is read out at a time. For
20

DSMDB.1802041.7



499, then the nenory |ocations 1274a, 1274b, 1274c, 1274d are nutually
exclusively coupled to the ranp value signal provided on |ine 485 at a tine

i N accor dgpeBogM3bdsit he 1 ogic state of the bank signal. pgda@i3bosiisondi cat ed
above, one of nenory banks is enabled for readout while the other is

enabled for witing. As such, the bank signal provided on |ine 484 to pul se
control block 472 is also provided to nultiplexor 490. In one exenplary
enbodiexemple dfibankt bisselanted, then b2idc sl thead 2844 isselexted for reddooutewhere! e, i f
bank 1 is selected, then 1274c is _selected for read out. In anpther

exenplhs quiphtscus sagserad 9asrneatenased Myltiplexar }29Qswitchinglpexahssioly 1802041. 7

WO 2006/ 137951 PCT/ US2006/ 0 | e,,Af, b i ted, then 1274

and tﬁ%@iﬁe}a&f FREnQLY 8?%@%%@&?6 ,O%MZ Ac 0???5&8' e ef§§P§°‘§Ycagggr ed o(r:
! : ad” o L | Lé

o moruRpabE fo bNHiL: L% KON e Bn S BiCRIY bEICIAS B0, MR SRAUBAEY |

491 t endowdrt ddcafion, ﬂs&l&a@ﬁﬁedb? théryeatl aderees slghd o, lires 486, ibawibldd fopank 1, and

which nenory | ocation, as determ ned by the read address signal on |ine

486, ireadentbilduisf fmemerydunk.0 Flensbled forreadnuy apdthe ecadsademesbbigualf or r eadout
and the read addr .st.gnal provided on_lLine 486, i ndi cates nenor ocation
157 40 Droidchr g 188 isticaien meiosk lncation 827 44 {ipiteadanénilie masRleRent 29 42

t hrough its associ d i 9 .buf f er uf fer 99 does not

coup! SOMEPERREEIRhER 179 Hirbub8 i oSl ipg B BB 4POMIRERD
mul ti X ﬁ@@éb%ﬂ]@ﬁié&i&g 16BEBhY 12 P0R112998, 13204 1iddds., Al HeAdntenr ough its
associated 11ne 491 frombuffer 492. At substantially the sane time, bank 1
i s enainemiuitiplexoml2O0ngcduples alentmrg docadbngd 204bs1 Yid, 10644 8hioulgtpiendi ng on
the value of the signal on line 467. A signal stored in buffer 492 is

sel ecespeipteddingAHeomdbutfosd924 At sebstantishy ghe ame timechanls] igearbled &oti ded on
| 482. A,.Si | i 444, | j ded,.dow t f f. her.,

pr oce d0ftng digtatnde et i sienat ks A dcbEadig 6 he VERE ot R BB ARIBE bl ock
1272 f : i t ' |
contr b pTEoREdl sEFEAREpudee) Bl BANCK) ROt %S ik AR L ERR @ el 1511,
and f eighalABvicled oui [irfe 4821 3A siyrahon fihe dépichrentided dosaparanefoe!fenkats in FI G

12, in certain inplenentations, pulse control block 1272 and
processing by other circuits.
[0074] FIG. 12 shows the pulse control block 1272 and memoty decodt;r'
1273 of RAM block 1263 in greater detail. Pulse control block 1272 includes buffers 571,
573, 575, four AND circuits 1211, and four AND circuits 1213. Although depicted as
separate elements in FIG. 12, in certain implementations, pulse control block 1272 and

memory decoders 1273a, 1273b may be framed as a part of a single circuit.

[0075] Pulse control block 1272 receives the results of the comparator 462
on line 467. Using the clock signals provided on line 488 and the buffers circuits 571,
573,575, the pulse control block 1272 converts an asynchronous siénal from the
comparator 462 to a synchronous signal, which is provided to logical AND circuits 1211.
Logical AND circuits 1211 also receive bank select signals on signal line 484. The memory
decoder 1273 determines, based on the signal received from the comparator and the bank
select signal whether to enable a memory location for write access and provides an

appropriate signal based on that determination.
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menory decoders 1273a, 1273b may be framed as a part of a single circuit.
[ 0075] Pul se control block 1272 receives the results of the conparator 462

on line 4%@20ddisng1t he cl ock signals provided on |ine 498TArsdodshersbuf fers
circuits 571, 573, 575, the pulse control block 1272 converts an
asynchronous signal fromthe conparator 462 to a synchronous signal, which
Is provided to logical AND circuits 1211. Logical AND circuits 1211 al so
recei ve bank EM7Z&dt ‘Thememorydesodprd27Biinduddnultiplexarsntidrly andercoddess 1273
determ nes,, based on the, signal recejved, from.the conparator and_the bank
sel ectead asklasss sigaRhanksisghity pad EOW iRl in SAEPR fo flbf MERAlE EPCSER§OMand

bovoe 16838 SRIToUELF 7% RAT AN BBt LiYedf Fl PRI Re i B e accoder

1273 486l A8 w Bl POL1AE ;izs’tﬁ,%iaﬂqrer&gﬁecﬁeéy POAYe RESHRRS Ak 9Qals. bank

signals, and row signals in addition to the signals received from the pul se
cont r protiletto di2Assockited ANltiplexcrtli 21y . TBALB mweiplexer I 2EHd isadsbobred sithrmal s on

line 486 and row signals on line 1297, which are respectively ANDed
t oget HWegmenydoeasion 1274ap ] 274l 7s, 1 danshprionidesisignals Fpitessociaed7. Each

I tipl 1217 .4,S. lated with y | ti 1274a,, 1274b,, 1274c,
12740 RO ook AL SgnlfoR Septunitefsor TIPS oibeds s sodblenendl i34 1 or
‘ . Hal’s’ >0t oy - ponal fro
o o NRRCBeB0: g BULL Sigheh (85, il b SR Fophdiicadiifto, N0 " © O

enabl efeblementje aRdading ihdWiitihg go heriRPMAHbRE B T40) 32V 26400742 T4P4d 27 4C,
1274d is done in anal ogous manner as descri bed above with the only

si gni fdopann agilogeusanaendr s dassribdd abeve with ithmonly sigmifidant differenchds thg r ead or
witten to. [0077] Th rrem)éé/. decoder 1273 al so controls access to the

i ndi vic EF&FMM 5PV dhReing readorIRIAteN Bk 1263, For sinplicity, PlGs. 11
and 12 depict only one ADC block (i.e., ADC 461 and correspondi ng nenory

| ocations wt Eg@ﬂ?%kﬁ%?&ﬁ%gé%c%@ﬂn@ n‘g’?’?‘ﬁigg%%%% QIdi\"?ld&hur ality of

such ADC bl oc Such, "a ry i WN as separate nenory

ot i a1 MAM 2O o 0 e 1
part ehedh@Chlodk(icet, ARRotql arkheoreésponding eveimarydoeations ivgtian RAMdblogk t e
sig nal1363), but are representative of a plurality of such ADC blocks. As such, although the

memory is shown as separate memory locations 1274a, 1274b, 1274c, 1274d, in an aspect

of the invention all of the memory locations 1274a, 1274b, 1274c, 1274d in 2 RAM block

1263 are part of one block of memory. Therefore, read address signals and write signals

provided to a memory decoder 1273 indicates a particular location within the memory

block. If a multiplexor 1217 provides a write signal to a memory location 1274a, 1274b,

the memory 1274a, 1274b stores a digital ramp code value signal provided on line 491.

[0078] FIG. 9 shows system 1100, a typical processor system modified to
include an imager device 400 contain the readout system, as exemplified by Figs. 3-8 and
associated discussion. The system is exemplary of a system having digital circuits that could
include image sensor devices. Without being limiting, such a system could include a

. computer system, camera system, scanner, machine vision, vehicle navigation, video phone,
surveillance system, auto focus system, star tracker system, motion detection system, image

stabilization system, and other image acquisition or processing system.
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provided to a nenory decoder 1273 indicates a particular location within the
menory block. If a multiplexor 1217 provides a wite signal to a nenory

| ocat i on Ww@hdes/13395{4b, the menory 1274a, 1274b stores a@cdigi0@lo1is99p code
val ue signal provided on line 491. [0078] FIG 9 shows system 1100, a

typi cal processor systemnodified to include an imager device 400 contain

t he readout S)@§§ QS eXf@iéjied by Figs. 3-8 and associ ated di scussi on.
The systemid ﬂ})l Pt L GV, JO% CRARTHS § CHY SR SYF ey SERFIRLY ¢UNPIESE 2coul d

i ncl ude..j . i 1aW.1 hoyt ' .ot ing, . coul d
i ncl ugﬁ%ﬂﬁg’gﬁ%ﬁ{gﬁ% g@?te)ﬁneﬁé g\#e&rcgl alsd ?éﬁg%ﬁg%ég%éw %ﬁ%@a&%\?fgﬁ ,rarhvehi cle
navi gaipu@foutpul@y P @ife 11507 04RE hIbaBA270Y $hBingaieh e 4DOUSsoSobnuB Thicaled N
tracker system not'ion detection system image stabilization system and
ot her withethe CRIF 41 30 toventherbusrld ¥@s sThegsystgst B0 Ao irlohiideB rdiRfda0ddceds WO

2006/ 137951 PCT/ US2006/ 011590 [0079] System 1100, for, exanple a canera
syst efengureéRAM)L Lfhypnil sas incl megvable saemmeiynyl 3¢h sech sHlgsh memorysuch as a

R S N o = Y
over 2#&%1:%]]2 m}g% rpZXéés? Sulddlasd! (;??iu L;ydgﬁg%ﬂg,gg%@(ﬁc gess memory (RAM

1160, a can 1 nclu novabl e nenor ) ash nenory, which

al so eftRsprocestbe, With br WiobPhiehiok) s@itfse 68 sibke ihdepPated kiRchifBgbAd devi ce. 400
may be conbined with a processor, such as a CPU, digital signal processor,

or nidiffeoptebipsthen theyptdressor.wi t hout menory storage on a single integrated
circuit or on a different chip than the processor. [0080] It should be

appreciated t ther, e diments of the .inventign include a nethod of
manuf act uri ng{h%hg?cirﬁéﬁ?&%f@@wwe‘i%ﬁ&r efrﬂm_éﬁ@e’é'f Qe ehodi nent, a
met h.ogmcﬂide”’&%ftﬁ‘&& gf LAHu Al LRA0QKH 160 Pk Exﬂnﬁ@!cuﬂe(?lct&@m}iﬁfs of

provi ding, over a portron o substrate correspondihg to a srngle

i nteg emua_@djméﬂtﬁy idethéd of BRfhfacuridiged CRMOS Yeadbtt fitcdoitliuces eeiskepdd? (FI G 5)
as descri bed above using known sem conductor fabrication techniques. [0081]

The s peovidingseveoh pongor\DEs selbtranecwrespording ¢s atshnglsintegratedtdreuity asdehsut
OO PPl ST SRR (RS 3] sl IR e S0 ©f e

semiconductor fabrication techniques.

[0081] The shared use of the ADCs and memory reduces the size of the
readout circuit. By using SRAM memory instead of DRAM memory the size of the
readout circuit is also reduced by reducing the physical space required for the memory.
The size of the circuit containing the memory is also reduced by eliminating the need for
associated refresh circuitry. Using SRAM also inc¢reases the speed of operating the readout

circuit by not having to take time to perform refresh operations.

[0082] While the invention has been described and illustrated with reference
to specific exemplary embodiments, it should be understood that many modifications and
substitutions can be made without departing from the spirit and scope of the invention.
For example, although the invention is shown with respect to a single ADC and associated
memory shared between two columns, the invention is not meant to be so limiting. The
ADC and associated memory can be adapted to be shared by any number of pixel array

columns of two or more. Each signal line shown in the above descriptions is
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readout circuit is also reduced by reducing the physical space required for
the menory. The size of the circuit containing the nenory is also reduced
by el i m n{ig fgeidygsneed for associated refresh circuit ryerifiondoeRoM al so

i ncreases the speed of operating the readout <circuit by not having to take
time to performrefresh operations. [0082] Wile the invention has been
described and illustrated with reference to specific exenplary enbodi nents,
it shosprestmtationtd and omy repuesentapluraity 66 sigtal hmes, fordxamples b ibussudias anan be
made %%Lﬂout departingbfron1the sgirip and scope of the i|nvention, _For

y 3

exanp aidress Ok digitl epre hysy MOEHNEY, SKvdarentionts Retirbs considered ayimitetbc and
associatgd . nenory,shared petween t | ums, the.nyvention is not meant to
be so W %etfP’FF&Om%%““A%’%ﬁﬁt QQE@JF\Q{Q%@B}@%WPﬁgﬁﬂEe&%}Hﬁpt ed to be shared
by any nunber of pixel array colums of two or nore. Each signal |ine shown
in the above descriptions is 23 DSMDB. 1802041. 7 WO 2006/ 137951

PCT/ US2006/ 011590 representational and may, represent a plurality of signal
lines, for exanple, a bus such as an address or digital code bus.
Accordingly, the invention is not to be considered as limted by the
foregoi ng description but is only limted by the scope of the clains. 24
DSVDB. 1802041. 7 CLAIMS What is clainmed is: 1. A readout circuit for an

i magi ng device, conprising: an anal og-to-digital conversion circuit coupled
to receive pixel signals froma plurality of colums of a pixel array; and
a nmenory selectively coupled to said anal og-to-digital conversion circuit
having a plurality of nenory | ocations for respectively storing digital
signals representing signals on said plurality of colums of said pixe
array, wherein said plurality of menory | ocations further conprises at

| east first and second nenory | ocations which are adapted to be nutually
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exclusively enabled at a tine for a wite operation. 2. A readout circuit as
inclaiml, wherein said first and second nenory |ocations are adapted to
be nutually exclusively enabled at a tinme for a read operation. 3. A
readout circuit as in claim 2, mhereig ﬁﬂﬁsOf said first and second nenory
| ocations is adapted for a wite oper t when the other of said first and
second menor What¢sdlaiaes is:s adapted for a read operation. 4. A readout
circuit as in claim3, wherein said first and second nenory |ocations are
in different nmenory banks. 5. A readout circuit as in claim4, wherein said
anal og-t o- di gi t al Aceadeutsiroult for Be ithagingdeise)cedptisingg pi xel in a first

colum of said pixel arra nd is coupled to a second pixel in a .second

col um of said pixel a[apaér;]a %91'5"@'8&% ?qnyggswgnalr(%tcBwl%ﬁ%rrﬁcq%%ﬂxe ns

sel ectively coupl egnk fon 8 plulaaiRy 60cdimil &fid kel @maglardd f or respectively
storing digital signals re reser?t i ,ng sngngl s from ?ai %p(i,i,r?t and second

pi xel s. 6. A readout c@rBEMPYaseleqiively foupled te spdNAItomigtal sgnvessidtcond
anal og-t o-di gi t al cReuMEVEHgeN platdliGLdfimeiReHy I@atibms r tpeétivelyi stéring digial t hi rd
columm of said pixel array and coupled to a fourth pixel in a fourth colum

p . :
of said pixel arr&gnalssr aling signalspen,saidi pYrably e fBMPNS ¥ atdib et onpri ses
at least third angafourth menory |ocations for respectively storing digital
signals representing signals fromsaid third and fourth pixels. 7. A

readout circuit for a OSSN FalH RYraliby Pt eremsyiesadipAgy furthes qamarises, abs

anal og-t o-di gi t al |&zRpHERE §ﬁ@§e€6n6%@rﬁ§r¥¢&‘éhoﬁ§wﬁkﬁ@ré 8dabtePtdBmutuanp! col um
lines of a CMOS pixel array; and first and second nenory banks conprising at

| east some of a prYFEsively epabledrahptipefyeanviitsieperationy especti vel y storing
digital data representing anal og signal values on said colum |ines.

2. A readout circuit as in claim 1, wherein said first and second memory
locations are adapted to be mutually exclusively enabled at a time for a read

operation.

3. A readout circuit as in claim 2, wherein one of said first and second
memory locations is adapted for a write operation when the other of said first and

second memory locations is adapted for a read operation.

4, A readout circuit as in claim 3, wherein said first and second memory

locations are in different memory banks.

5. A readout circuit as in claim 4, wherein
said analog-to-digital conversion circuit is coupled to a pixel in a
first column of said pixel array and is coupled to a second pixel in a
second column of said pixel array; and
said first and second memory locations selectively coupled to said
analog-to-digital circuit for respectively storing digital signals representing
signals from said first and second pixels.

6. A readout circuit as in claim 5, further comprising:
a second analog-to-digital conversion circuit coupled to a third
pixel in a third column of said pixel array and coupled to a fourth pixel in a

fourth column of said pixel array,
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8. Areadout circuit as in claim?7, wherein one of said first and second
menory banks are enabled for a wite operation at substantially the sane
time that the other of said first and second menory banks are enabled for a

read operation. 9. A readout |rc t for an| in evi ce, ising: a
plurality of analog-to rb?rﬁ'ntsfi‘l'dp l]l rinBTmeY leqd '8@3 g%f?ﬂ”?ﬁsra&ﬁats" Jupl ed to

fi plurali t]y of ccéndrrmodrtmeﬁerﬁéryald@amis orr %Spaad/eqf Rtatingl ptg)talotsuglnaenory |
ocations for respectively st senting anal og signa
val ues on said cdg WﬁePWK%égméétﬂ% Wghﬂfaﬁgﬁwah E%ctfully coupl ed to an
associated first colum of pixels and an associ ated second col um of pixels

I n a pixel rray; and a ra Si | .generator coupled to said plurality of
anal og-t o- d-?gl td‘f‘@?é’ﬂ%e?'@f“ggpr(ﬁ &Q@St 29109;d§Vigen '$"9r ovi di ng a cormmmon

ramp conparison §|;ﬂmal|t?/t§f Qﬁélbg-@cb“—di'gﬂﬁl Eom@r<idr dircGift\eaErsidelplet eut . 10. A
readout circuit as.in c wherein said ranp signal generator is

capabl e of p‘?“ém'téilOﬁ(jO'Hmﬂl"Q?? a‘iaGMReS RXglAHTaYc&Y esponding to a | evel of said

ranp conpari son st sdcng dendty Wakd &Mn&isu?‘ét' |e8sttsenfdl & 4 plurahgrorer si on
circuits. 11. Areadout circuit as in claim 10, wherein said ranp signal

generat or i SNeMARABFations fory GEPRATINGY Startngr g datarepresshting gnalea aigpalng a

first tine pRidabndail csid@hA ifégi tal code signal during a second time period.
12. A readout circuit as in claim1l, wherein each anal og-to-digital

conversion circuit further conprises: 26 an anal og-to-digital conparator

for conparing saiAl readgut &QUP%%' iR0%aif GNAhekdid Bnd & gHidlfirdteHRl ¥&&GnHr oM a
pi xel on a colum and fo providing a logic signal indicating the results

of said conpaemsyrbanks. arﬁeneblaéd@r %W'@PPGF&%OH at substantialy thgheares fmeach
anal og-t o- diygh s GABVEF §é|93|r?tcérfocgééo$ldfrrléﬁ15®r b&%pérbs@r%ble?i foflaPealiogi C

bl ock for synchronizing sal ogi c signa
operation.

9. A readout circuit for an imaging device, comprising:

a plurality of analog-to-digital conversion circuits each circuit
coupled to a plurality of column lines of a pixel array and a plurality of
memory locations for respectively storing digital data representing analog
signal values on said column lines,

each circuit being respectfully coupled to an associated first
column of pixels and an associated second column of pixels in a pixel
array; and

a ramp signal generator coupled to said plurality of analog-to-
digital conversion circuits, said generator providing a common ramp

comparison signal to each analog-to-digital conversion circuit.

10. A readout circuit as in claim 9, wherein said ramp signal generator is
capable of providing a digital code signal corresponding to a level of said ramp
comparison signal to said plurality of analog-to-digital conversion circuits.

11. A readout circuit as in claim 10, wherein said ramp signal generator is
capable of providing said ramp comparison signal during a first time period and

said digital code signal during a second time period.

12. A readout circuit as in claim 11, wherein each analog-to-digital conversion

circuit further comprises:
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digital code signal. 14. A nethod of reading out signals froma pixel array,
conprising: selectively coupling an anal og-to-digital conversion circuit to
and receiving anal og pixels signals froma pIuraIity of colums of pixels
in a pixel array; selectivel

coupl | sai d anal og-to- dl |tal conversi on
circuit to and provid®hg? B?Bﬁf‘%ﬂd gﬁ)télp %E%Rﬁr er oﬁg "b°é‘i”8 artdl ograﬂ]pxel s
signals to a pl uréedmparisoRisighanitly alsR@al leedived from APRBIFGH $bslimhhat feai d
digital representations of . piXxels associated w Q%{&ne colum of said array

are witten in a 'PrOP"Qt”9€r|89&5 3'96‘@‘ iRdicating 86%?‘%”&% GORRAS: gi t al
representations of pixels associated w th another columm of said array are
witten in a, second oup, of  menpr ocati ons, . and enac%é_n said first
group of nenovty I‘%éﬁg‘{ hEirguasyn ‘%ézoWE‘?rStnlecﬂ? arglogrip i tabenvarsint al
represent at i gRwiitafRther tdrhgiisesn a first group of rrermry | ocati ons and at
substantially the sane tine enabling a second group menory | ocations for
a read out operation |ﬁC‘ﬂ'ﬁycﬁ‘?%’ali"ﬁd‘s&ﬁﬂcﬂpﬂﬁﬁgoﬁa'd mrsggnﬁbwab i88ids storing
said digital reprggeatcabiéenare read out. 15. A nethod of reading out
signals froma pixel array as in claim214, wherein said first group of
menory locations is in a first bank and sald second group of nenory

ocations i 514N aaseaRdoft8Bling bt sdhdiPHUIAG SeloRayl dlyfidings! anal s from a

pi xel array, conprising: processing a first pixel §ignal from a first pixel
in first colum of piXeiedivelyteaupling §@|amab9rt@1dlqﬁab@@y§&prppwlt toiaidal in a

first menory | oca,telgg,o,n aér%% 6&99 Sl %%@h%t}@ré’duﬂhﬁé‘bf Béél‘éqhta

processing a second piXel si'ghal froma second pi'xel 1n second colum of
pi xel s; 27 storingxe@r@ysecond processed pi xel signal in a second nmenory

l'ocation associ ated W {de&Rbf UpMRGsdi®aRaigy-tbighaIdHldrsiofMtcuit to and
providing digital representations of said analog pixels signals to a plurality
of memory locations in a memory such that said digital representations of
pixels associated with one column of said array are written in a first group
of memory locations and said digital representations of pixels associated
with another column of said array are written in a second group of
memory locations, and
enabling said first group of memory locations for a write operation
in which said digital representations are written in a first group of memory
locations and at substantially the same time enabling a second group of
memory locations for a read out operation in which said second group of

memory locations storing said digital representation are read out.

15. A method of reading out signals from a pixel array as in claim 14, wherein
said first group of memory locations is in a first bank and said second group of

memory locations is in a second bank.

16. A method of reading out signals from a pixel array, comprising:
processing a first pixel signal from a first pixel in first column of
pixels;
storing said first processed pixel signal in a first memory location
associated with an analog-to-digital circuit;
processing a second pixel signal from a second pixel in second

column of pixels;
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enabling said first menory location for witing at substantially the sane
time enabling said second nenory |ocation for reading. 17. A nethod of
reading as in claim16, enabling said first nenory |location for reading at
substantially the sanme

ti ablin ' nd_. v, | tion f
witing. 18. A nethod %ohrﬁ@ggfl&ngécgggipﬁ@égggigﬁ%gfimﬁge@éiansgtgoﬁ\g ﬁerrngﬁf
processi ng conpr losatiornt dassosibied with: saibanatod-tordjgitad cicit; asd anal og pi xel si gnal
to a first processed pixel. _Si |, | | nal og-to-di gi_t ircyit. 19. A
met hod of reading as i%“%“aﬁ rﬁa%gﬁs\/\#?gﬁﬂn%ggﬁ'% @gw@pgiaﬂaug%?@}aﬂgﬁge t he
steps of: conpari samatimeanablingosgidhsecond nsngorpllocatidrinfos aeatliig. r st anal og pi xel
signal and providing a logic signal indicating the results of said

conparing; and synchronizing the storing of a digital value of said
conpari son $7.gnah médthsdoirehdigg @sdn gaimt 16,enablirg sakDfirstmertionoldcationrferadi ng out

pi Xt i gnal 3 gt Pp@Yany R B e =B e Sarorf oefot) Bralbhga

conmon ranp watineari son signal; and conparing in respective plurality of
conparator circuits said first plurality of analog signals with said common
ranp conparison signal and providing respective logic signals indicating

the results 08. saAdmetapaf irsading adlin Aldimat hedwbkrgieagbiddirstuprosespiral S from a
pi xel array as in cl aig? 20f_ further conmprising the steps of: reading a
second pl ur af9PRISes e SPBET ni xel signals froma first plurality of col ums

of pixels providing a safe@RmhgCsHIArst APy PHEPRIGnaPtd & ifiestBrocedBed pxenpari ng
In said respective conparator, circuits said second
signal in said analog-to-digital circuit.

19. A method of reading as in claim 18, wherein said converting comprises
the steps of:
comparing a analog comparison signal with said first analog pixel
signal and providing a logic signal indicating the results of said comparing;
and
synchronizing the storing of a digital value of said comparison

signal if said logic signal is true.

20. A method of reading out signals from a pixel array, comprising:

reading a first plurality of analog pixel signals from a first plurality
of columns of pixels;

providing a common ramp comparison signal; and

comparing ‘in respective plurality of comparator circuits said first
plurality of analog signals with said common ramp comparison sighal and
providing respective logic signals indicating the results of said
comparisons.

21. A method of reading out signals from a pixel array as in claim 20, further
comprising the steps of:
reading a second plurality of analog pixel signals from a first
plurality of columns of pixels
providing a second common ramp comparison signal; and
comparing in said respective comparator circuits said second
plurality of analog signals with said second common comparison signal
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plurality of analog signals wth said second comon conpari son signal 28
and providing respective logic signals indicating the results of said
conpari sons, where each said conmparator circuits is associated with one of

said first plurality of c}:ol ums nd one qf said seconﬂ}? I|t of
colums. 22. A méto8" ’Fgea[ﬁﬂ??ﬁ '°9J?g§#%ﬂais fiieRtnd e re §49in claim

21 further conprdofipagisdits wheRPsad said tompahiaity c&c@&ﬂﬁ'@@scﬁhlﬂécﬂ a).th\oabue si gnal
representative of _sai nchronl zi ng.sai.d common

conmon co son nal
Dl tal val e si GHaiTEst BTG S RN oA A1 SAIG.REONE BRI BTt or
witing respectiwoldmisst nenory | ocation associated wth each conparator
circuit; and storing said digital value signals in said respective first
menory |ocations. 23. A method of reading out signals froma pixel array as

in claim22furt fremetwr@frﬂeaumg dubsighdieprotf a ppefbirbyas iwtlaieadifighdrespect i ve
second nmenory | ocations ?om ated with each conparator circuit at

substanti al | "Tﬂﬁ'é'ngé'f‘ﬁeStFP?rﬁ each respective first nemory location is

enabl ed for witing. Zftevidinged temntdn tRitaN Palu@ SnePlrepreEatativeOBPEAigi Ng t he
steps of: formng a pixel array over a substrate; formng a plurality of

conpar at or ci r cuiPEMBMEFOBRATEO8 §I98RY at e, each comparator circuit

sel ectively coupled t%yﬁbﬁr%hnzﬁq@%a&?@&ﬁ}ﬂoﬁﬁldﬁmlﬁ sigRaX@irSsdid c&rdnPi xel
array; and formng a two nenory banks over said subStrate, each nmenory bank

having a rrermry |cOBWarisen igndct i vel y coupled to one of said conparator

circuits. th met hodsr@blidP FdP Wiy RaspBELIVET firdY ntndrf 16¢abM a&bocibtefit her
conprisin e
P J with each comparator circuit; and
storing said digital value signals in said respective first memory

locations.

23. A method of reading out signals from a pixel array as in claim 22 further
comprising the step of:

enabling for reading respective second memory locations

associated with each comparator circuit at substantially the same time

each respective first memory location is enabled for writing.

24. A method of forming a pixel array, comprising the steps of:
forming a pixel array over a substrate;
forming a plurality of comparator circuits over said substrate, each
comparator circuit selectively coupled to first and second columns of
pixels in said pixel array; and
forming a two memory banks over said substrate, each memory
bank having a memory location selectively coupled to one of said

comparator circuits.

25. A method of forming a pixel array as in claim 24, further comprising the
steps of:
forming a ramp circuit over said substrate; and
forming a electrical pathway for selectively coupling said ramp
circuit to said plurality of comparators for providing a common ramp

comparison signal to said comparators.
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steps of: formng a ranp circuit over said substrate; and formng a

el ectrical pathway for selectively coupling said ranp circuit to said

plurality of conparators for providing a common ranp conparison signal to
aim 25,

sai d conmparaters. ,29 - A.nethod of formn | ray in cl

furt her_ gorrpiits)i n?‘ Tﬁ%gdrs?fé%?"aﬁ__g p{? efjr%ﬂﬁ%;:ﬁq'ﬂﬁﬁ??iﬁ ;iféqefrggﬁ?p?n% feoder S

over said subtepsafe, eac associ ated wi one of said plurality of nenory

| ocations in each neno .bapk: and rmng . .a electrical t s_for

sel ectively coupling sg‘%@"ﬁe%wg'%8@%&5}0“?8%@?% \éeécsl%éq gl%slgr\é\%g?éﬂ or, for

sel ectivel y coupl asspciaediwitimene oy saie padaity bbmetroralosatinatie dacremempery ocat i on.

27. A nmethod of fgén '%ﬂf’a pi xel array as in claim26, further conprising the
I

steps of: formng ality of pulse control logic circuits over said
substrate, each associ &drmthgna electicel Eethwaisdocsaigpaivaly @osplagdsaids semoat ed  pai r

of menory decoderg; and formng a electrical pathways fqr selectively
coupling said pul a%cc’dlréf)g‘ioc 'tﬁoﬂ%p&a?eae CePEAY: 2#85 Ose?(eéc%gci)!, %’@ﬁ?ﬁar%a,' for

sel ectively coupl megnctpddcodettsies assgtiatedenémeny Iedationli t to sai d associ ate
conparator. 28. A nethod of formng a pixel array as in claim27, further
conprising the steps of: formng a plurality of nutliplexors above said
substrate, eazh Asmewbatofdomind aqiel @frag aisdn eRifp B2 farirer 2ohpesiageheat ed pai r
of menory |ocatipons; and formng a electrical pathways for selectively
coupl i ng” sai 8tepﬁ'8€I i pl exors to said pair of menory |ocations, for

sel ectively coupling sarfhingn |pl@rakobs pulsed caamlS logiartirelits Wver  said
substrate, each associated with one of said comparators and associated
pair of memory decoders; and
forming a electrical pathways for selectively coupling said pulse
logic control circuit to said memory decoders, for selectively coupling said
pulse logic control circuit to said associate comparator.

28. A method of forming a pixel array as in claim 27, further comprising the
steps of:
forming a plurality of mutlipiexors above said substrate, each
associated with one of said comparators and associated pair of memory
locations; and
forming a electrical pathways for selectively coupling said
mutliplexors to said pair of memory locations, for selectively coupling said

mutliplexors to a downstream circuit.

29. An integrated circuit, comprising:

a pixel array;

a readout circuit coupled to said pixel array, comprising:

an analog-to-digital conversion circuit coupled to receive pixel
signals from a plurality of columns of a pixel array; and

a memory selectively coupled to said analog-to-digital circuit
having a plurality of memory locations for respectively storing digital
signals representing signals on said plurality of columns of said pixel

array,
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29. An integrated circuit, conprising: a pixel array;, a readout circuit
coupled to said pixel array, conprising: an analog-to-digital conversion
circuit coupled to receive pi xel signals froma plurality of colums of a

pi xel array; and a ne ele I i | ital
circuit having a plur ?f/' B ,8 r?g“t%// ﬂ? g’??&n’ég?%’%s?fé@ﬁ%c?. vefs;?gs oring
digital signals Iemmemand isacorsi rganbe/ locati®as evhphuaraladagtedfto belmutmedly of sai d
pi xel array, rei i I ocations further

conpri ses at Iea%ﬁls'iv?lgte%gh%dgggg f%re?rgj e 63? Pons which are adapted to
be nutually exclusively enabled at a tinme for a wite operation. 30. A
circuit as i cl 29, _wherein first C ions are
adapted to bdg) nu%g]r?v B {]g'{"\,ﬁ %?{S'BIS bd ﬁ@g?ﬁ&s q}dn&gg' Yy Iéggtaomgrati on.
31. A circuidreadaptad td be muﬂially‘ahduavely omablexf atsaailrdeforrasreadlodemecmnd menory

| ocations is adapted for a wite operation when the other of said first and

second nenory locations is adapted for a read operation. 32. A circuit as
i n clai m31,3mwherRicitcgitiag i ictairh 30) dviesio rothend sy fitsh caidi $8tdnd anemaonyg

different m1ocat|%ns IS afapted1 for a write operation when the other of said first and second

memory locations is adapted for a read operation.

32. A circuit as in claim 31, wherein said first and second memory locations

are in different memory banks.
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