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Photoarray for detecting time-dependent image data 5Technical Field

The invention relates to a photoarray, i.e. an array of photosensitive
elements, for detecting time-dependent image data, which comprises an
array of cells, 10 with each cell having a photosensor generating a signal
dependent on a light intensity at the cell. Background Art 15Real time
artificial vision using a photoar- ray, such as disclosed in US
2003/000564 1, isWadifiopally fimjteds fo.the frameJate atudichyihe, array
is sampled. On the other hand, such photoarrays generate™a huge-amount
of redundant data that needs powerful and costly 20 pcst processing.
Disclosure of the Invention The problem to be solved by the present in- 25
vention is to provide a photoarray that is better suited for real time artificial

vision. This pgahlem is_solyed py the photoarray of claim 1.

Accordingly, the photoarray of the present invention comprises a

topologically one- or two- 30 dimensional array of cells, which may or may

not have rectdhguker ternderiesewhers eich xefiltvdwa phavosensor
angeneraiing a sensyssigrakdependentonthe light iglensiy atdtsicallea
degféhﬁéﬁ%c'ﬁ% ng chargenl by,Cul-rent pragoc &9"'5%0%@%5%”‘&113,

erivative of thé sensor 35 signal, at least one thre detector

Wi BANG ifRL VOIRGE W & 8 FiR CapabitBFRREEEdD tAresHBid Yalue
degwhgensratingear baiputisigealst yos and-agisell .

Background Art

Real time artificial vision using a photoar-
ray, such as disclosed in US 2003/0015647, is tradition-
ally limited to the frame rate at which the array is sam-
pled. On the other hand, such photoarrays generate a huge
amount of redundant data that needs powerful and costly
post processing.

Disclosure of the Invention

The problem to be solved by the present in-
vention i1s to provide a photoarray that is better suited
for real time artificial vision. This problem is sblved
by the photoarray of claim 1.

Accordingly, the photoarray of the present
invention comprises a topologically one- or two-
dimensional array of cells, which may or may not have
rectangular boundaries, where each cell has a photosensor
generating a sensor signal dependent on the light inten-
sity at its cell, a first capacitor being charged by cur-
rent proportional to the time derivative of the sensor
signal, at least one threshold detector detecting if the
voltage over sald first capacitor exceeds a threshold

value and generating an output signal 1f yes, and a dis-
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2 charge device for discharging the first capacitor after occurrence of said
output signal. In other words, charging (or discharging) the first
capacitor to a given charge (defined by the thresh- 5 old value) generates
an event in the form of the output signal. This method of digitization is
especially suited for a photoarray because it allows to reduce, in very
simple manner, the amount of data at its source, namely at the cell. Data

ch&ogundeication fnit of the Rirayionly tae 10:i0t88 Whesntherineonsng fight
ociniensit.charges ;Henca. e amgyat of data to be processed is reduced

drastically and the ?‘ otoarray can transfer information at a higher rate

h
than a convertioRal8&vite =S CharSHadid Ofa g FAREe I tided 16
fipsdetaneaal IS5 pakorafiévan eventge (defthephoroddray Mg firther

oleomylrise)a gignat solectan celesting thezoutpab signats traen allthe eells.
s fyantageausi.ypon @Eeﬂg{{f@inzglﬁ@éﬁ 2&5@@@'&&%9@&(@%‘& the

signal collector conégols a reset si ﬁl gf%nerator of the given ce

Loy efiePAte W PdsEt Si nea??&sﬁséﬁa%]i e fifst Capathior. Fhid ¥fidws the
s 1Rl BahacHr td-BengsictheTirig it of e telis.SZ5Each celbahy
at furtherceamprise assesanthea-Racilor ivseries tathe Histoapasitor.cbhe

culitst,gapacitpe inarianded between an.ipput and an.output of,ap inverting
amplifier and ,th$ secogg ﬁg%a(:ltor is arranged between the photosensor
[

B naHRE A iffiet AP 36 875 Tapacitdrs S 178 aftiifiiet F6rm A
angwitRedtapasitsrampiifier: Rovairageodstyribisstond cagadiotis
ratruicthlarger (@gientimes asdargejdhan the first capacitor, which allows

to achieve a high amplifier.gaing Since thesratiohetween the capacities of

the ca aqé%ors 35 defines the closed-loop gain of the amplifier and since
PACA586tSHS Cah B miahtt&ctured with high accuracy on a chip, this

technique all6#8 &Leefs BT #ie PABICEIHEN 26 haveniky Sirmilah esponse

coeven tfdhequbpetiesnef ather elempentsdndhe rells differadue tatolerances
cethe manufacturing process. Advantageously, the signal from the

photosen- Advantageously, upon receipt of an output

signal from a glven cell, the signal collector controls a
reset signal generator of the given cell to generate a
reset signal for discharging the first capacitor. This
allows the signal collector to control the firing rate of
the cells.

Each cell can further comprise a second ca-
pacitor in series to the first capacitor. The first ca-
pacitor in arranged between an input and an output of an
inverting amplifier and the second capacitor is arranged
between the photosensor and the amplifier’s input. The
two capacitors and the amplifier form a switched capaci-
tor amplifier. Advantageously, the second capacitor is
much larger (e.g. ten times as large) than the first ca-
pacitor, which allows to achieve a high amplifier gain.
Since the ratio between the capacities of the capacitors
defines the closed-loop gain of the amplifier and since
capacitors can be manufactured with high accuracy on a

chip, this technique allows all cells of the photoarray
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5 sor is proportional to the logarithm of the incoming light intensity at the
given cell, which allows detection of signals over a wide dynamic range
and, additionally, removes dependence on the absolute illumination.
10Brief Description of the Drawings The invention will be better
understood and objects other thargthose set forth above will become
apparent when consideration is given to the dependent 15 claims or the
to felloyding defailae deseriptian tereobwuich desgriptioromakes Jeference
ocfghe annexed drawings wheseiny. ¢, Eig: Lis a grcyit diagram,of a
single cell of & photoarray according to the present mvenﬁon, Fig.2isa
Che| RO QFETagRamRFYEE8F the photoarray of Fig. 1, and Fig. 3
are is a timinyddiagtapafisahye of the sigmads.intthercalhef BigoioModes
soiori@agyks&go?%mhnvwieﬂe logarithd r@&ntiquge%taf@mnt@e
. toarray of the present invention comprises a.plurality of, .
L bt ol i et Ll baba Shesisre ' Si
of g%ﬁ@?‘é&ﬁb 86ehsr Gitfial SHBENCRitAAR Hrotessihgthe sehdorEignal.
repovpossisiesermbodiment dfrsuchos ceéllis -showmimEig.dhn At
the input side of the cell, it comprises a 5 photodiode D generating a

photocurren 1{989”@@3&% hC i&cog%inghlighlgint%nsit . The
photosensor%onnha—compmési‘(mm%%?%&and T4, which
form an amplifier with substantially logarithmic response, generating a
sensor signalhavihgvevslage tinearlp eelatet: trlogih at Soooidt £hd.e.
ob?}lﬁ:‘%@'té&&_l&a’i_ﬂ}ﬂ_ﬁt «’c__%b e Vse eonste 0B Gonstant é’é}:ﬂéesaband
pa%%ﬁ L. imilarglreuiry '%%i%nk@é’vrﬁl‘f%‘%u 051%%6 813 e digclosure of
which is incorporated 6y reference herein. The .eedba& arrangement has
Clﬁﬁ@éd&ﬁoﬁ&? following detailed description thereof.
Such description makes reference to the annexed drawings,

wherein:
Fig. 1 is a circuit diagram of a single cell
of a photoarray according to the present invention,

Fig. 2 is a block circuit diagram of part of

the photoarray of Fig. 1, and

Fig. 3 are 1s a timing diagram of some of the
signals in the cell of Fig. 1.

Modes for Carrying Out the Invention

As mentioned above, the photoarray of the
present invention comprises a plurality of, advanta-
geously identical, cells, where each cell has a photosen-
sor generating a sensor signal and circuitry for process-
ing the sensor signal.

An possible embodiment of such a cell is
shown in Pig. 1.

At the input side of the cell, i1t comprises a
photodiode D generating a photocurrent proportional to
the incoming light intensity I.
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10 advantage that it speeds up the response time of the circuit by actively
clamping the photodiode voltage at a virtual ground, so that a change in
photocurrent need only charge or discharge the photodiode capacitance
by a small amount. 15In the embodiment of Fig. I, the currents through the
photcdiodes D of all cells are sumgned in a current adder 1 and a voltage
proportional to the logarithm of this sum is fed to the gate of transistor T3,

which allows.a.re ft h a er at
low |ntens|t|e§%r%ﬁ%€ﬁ%%qéjge8£?gg§%%}§%gu%%10%%0%62‘? IPB!%”I

s1gkfssute of Which 1s RO 3r’at¥&b§;}efé’r§ﬂc@%e‘?@ﬁ%llf’rfee%l‘f’éﬁ‘from

supeim Pliislfed tbabie yetbmfa transisto? THaipnseridsinithea fransistor
si&hhofEbhessameqalably. The-gatewolagereidransises T5b iswat a
>§n9td potential Tﬂ&%‘é‘%}% 13 ak?da]é%t% ' 8 eqrunity: 99&%‘8“@6

ower voftage buffer. The volt- age at the output P2 between t

k t1r89§|§ or€3ER GRATRTERTY TALRSF0M0aTS FRE-DlirpSlbt fife Goftage 30
cub@ffer istodsglatectietiwe staygdss thereby retidicing eetibackaemd posdible
whinstahilkityi ncorporiheyobagedranatputR24ds fed to a switched '

capacitor am@ﬂféerffé’é’iﬁ‘ﬁgﬂy Q’Hé@@éﬁ%ﬁts 18ang,18 g8 g first

capacitor Cl, a second capaci- 35 tor 02 and a trans.lstoré r#@Je‘%'ransstor T7
RCIAR AT GFiards d%?/?@éjﬁ)r%sgﬁ’aergﬁfgsﬁ%rlﬁl%t E3Pacidr EreTansistor
cul6 i anapveningrarmphfieiwith Hreamptlifiord Soogtpue PEineatdd between
vitransistays Jhand 8. Hirst capasiieie! i@rarm@@:@w_e_t_\@ﬁen aseplifier

on%‘p&'ﬂﬁg%”%W%h@éﬁ%’éé@'%ﬂ%%‘ﬂ&%ﬁ? I (& %]%%9%%8“ frgnsistor

l.e. the amplifier will strive keep the 5 voltage att e gate of transistor
76 LoRLRIM by adjusting the voltage over first capacitor Cl. The voltage at
the gate of segondhieansibrst TS istatcd ghien; fikedtPe- tertizrdigf”.
thHansisten & 8sinksd hias surest foriamplifierdnputbtransisior T6. | also

dSIENDINGSD, ATt Qﬁ%oHt%fﬁﬁ'&a’}ﬁP@% Ehel%'HQlf'% Hheinvsdting

.amplifier formed from T6 8 is designhed to have vo tagte galn

LBt R GAF AR tﬁ%draﬁfﬁ otfk&%p%?ﬁ(?r ValuEEEIAST

which allows a reduction of the power consumptlon of the
amplifier at low intensities. This technigue 1s described
in US 2004/0067876, the disclosure of which is incorpo-
rated by reference herein.

The voltage from point P1 is fed to the gate
of a transistor Tha in series with a transistor T5b of
the same polarity. The gate voltage of transistor T5b is
at a fixed potential. Transistors T5a and T5b form a
near-unity-gain source follower voltage buffer. The volt-
age at the output P2 between the transistors is again
linearly related to log(I). The purpose of the voltage
buffer is to isolate the two stages, thereby reducing
feedback and possible instability.

The voltage from output P2 is fed to a
switched capacitor amplifier formed by two transistors Té
and T8 in series, a first capacitor Cl, a second capaci-
tor C2 and a transistor T7. Transistor T7 acts as a dis-
charge device for discharging the first capacitor Cl.

Transistor T6 is an inverting amplifier with an amplifier
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The operation of the switched capacitor am- 15 plifier is as follows: After a
reset of the amplifier by discharging capacitor Cl by shorting it to the
output node P3 through transistor switch T7, the voltage at amplifier
output P3 is equal to the voltage at the gate of transistor T6. This voltage
is determined by the bias 20 current sunk by transistor T8. Turning off
transistor switch T7 (opening the switch) places the switched capacitor
ouBplifies in the, active amplifving cangition, IkthegnygHingamplifier. formed
b% T.8Eand él’ B hasaolpreannloog %aeig wsgé)st%%i I}[/ éﬁlr%er th%n tr%e &gpaci or
CeRto aﬁ)l,jZBlﬁw closeaﬁoop gain 6 the Switche cgﬁagi]tlor ampﬁﬁler is
CheivigrPiy: tied ratie- 02/CT Shkithds 2RantaqEously Set tehise ¥ail9 High, e.g.
trO2H B £010,7f6) the reasans=nmentivhéd<abovel Thendfeedback fromh£3 to
vo g gateef FEB@Si&H%reT@BO@_SaW@i@JSPfJ@ E'&§§B’a§9t3199n§@jE§@~
invol% e-gc\f]%'[galeggq’uend. g’,hesrﬁl:ogg cg(r:r;{enéyo%ng n(tBO ggﬁﬁgtor % must
&lso Tow But of capacitor CE5his cﬁrrenﬁs proporfional to e%ehange
theqtgaffanevoiagerst PXans tbpsrtibhal fo 8lod(IPidteThelisityerc-
teappearittgaf DutpatrR3 is ptaportiénalitokbechance atinr3btputd2 times
amiN@ ¢losediagn gain 02G Ly o 16, The Yoltage of amplifier outputR3 is

theedog)ttw thresho%i detectogstgl’he flrstl%fftglg§e ttﬂ%eshold de- tectors is

ou resaLs ncece. e a . nvertin 210
compr@:e Of & fifst transistor assemgﬁl consisting of ajtran5|sttor F9°and a
Plédddid frarBRIof a8 bRFCoNSistity SFfG iraRsistora@e0, vPitage
gadrranged tapatalldly Tiansistor T9=z0f thedirsttransistoragseaiiy 5 has
vathgssame polarity, geometry and size as transistor T6. Transistors T10, Til
of the secon%}ransstor %ssenmkc))ll;_l hcahve the.%arﬂg CpoC!arlt A Jggomeétlry and

size as transis- ?oro‘?g:gn& ey are anr?é\]étea In parg el, |.e.ot]I;|e|r Jrains,

pliddreesehdgalslaetied fo-&&eh dtifers Thelo BREingBUke& EPANREI of
ditrahsistormkd sivesdanestaCthecdragrsotificeschannels di¢ransisiors T10
noakd 311 The.gatesqf the fransisiors £40-and T11 arg copgected tga
pf?%¥£90§ﬂ¥%%§°@éVﬂgcggigﬂbﬁgngﬁgy985%5%%”5% the gate of
transistor T6. This voltage 1s determined by the bias
current sunk by transistor T8. Turning off transistor
switch T7 (opening the switch) places the switched ca-
pacitor amplifier in the active amplifying condition. If
the inverting amplifier formed by T8 and TS has open loop
gain substantially larger than the capacitor ratio C2/C1,
the closed-loop gain of the switched capacitor amplifier
is given by the ratio C2/Cl, which is advantageously set
to be fairly high, e.g. C2/Cl = 10, for the reasons men-
tioned above. Then feedback from P3 to the gate of tran-
sistor T6 holds the gate of T6 closely to a constant
voltage—a virtual ground. Therefore current flowing onto
capaclitor C2 must also flow out of capacitor Cl. This
current 1s proportional to the change rate of the voltage
at P2, i.e. proportional to d(log(I))/dt. The voltage ap-
pearing at output P3 is proportional to the change at in-
put P2 times the closed loop gain C2/CL.

The Voltage of amplifier output P3 is fed to
two threshold detectors. The first of these threshold de-
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potential "diff". The output ON of the first threshold 15 detector is formed
by point P4 between the two transistor assemblies T9 and T10, T11. For
illustration we will consider the condi- tion where the potentials "diff", ‘on",
and 'off" are identical, although it will become evident that their 20 relative
values determine the actual thresholds. The first threshold detector works
as fol- lows: After discharging first capacitor Cl, amplifier output P3 and
tetheyeforesthegatevliagerofdransistor 1948 it dhe sames ppisntiak as-the

s;LQE‘E%gf H@”Q'sé%ﬁéa.%?§£”‘ie9t%ﬂa@"QLHS‘HE‘%@%@P To]xl gt Sern-

capa le of sinking twice the current of th eS|ngetranS|stor 8 vo tage ON
blig ﬁé’&sdt%Waﬁg rARistGPTE 1S ERfiRatetd’ T11 ARFRRGRE vdltage at
papoint 2P rifesircapscitors €1 aAd ©2 afd chargethand the voltagerably
haamplifies gecoput P3drppgeOnse thatthe valtage at amplifiesedtput 23

TG'S helow.a given lower thf%ﬁh%! voltage ftansisiar 19 Pgegmegs%%%b'e

of sourcing more currént than the fransistors T10 and TII, and transistors
bly 183 ¥ %i BB 8 ShATaTet aff THE Tolagl St oAk B4 riE8816 nar
to85The pusitivesypplyei.ecompatsignahOMgoesed logical-1.thsir
dreeserbedhelow, eupulsighal ON iscfegtora signal cetigeter, whish will
drﬁ!%mé‘@dwee“@ﬂé‘&%ﬁ%&t signal atthe gale:of; traﬁs'géo{le?sf%b t

discharging first capacitor C|. Voltage at amplifier output P3 goes bac to

drpd Brighid %I@%ﬁﬂ%pﬁ&@ﬁﬁ%f\ﬁ&?&? batk tS‘I@)d Theleyclégan
gafestar Bgeie. STha stesad threshokrhdetBelorais conmprisad; eds tiee first

fitheesholddatestorrehtwo transistarsassemblies: Howeveryiathis €asgethe
poliShiransistan %%Semﬂ}’ec%”ﬁ%tét‘)fdﬁ’%‘?r@ﬂ%' tFangistarg 112, J4.3, while

the second transistor assembly consists of a single tran-
detector is formed by polht P4 between The two transistor

assemblies T2 and T10, T11.

For illustration we will consider the condi-
tion where the potentials “diff”, “on”, and “off” are
identical, although it will become evident that their
relative values determine the actual thresholds.

The first threshold detector works as fol-
lows: After discharging first capacitor Cl, amplifier
output P3 and therefore the gate voltage of transistor T9
is at the same potential as the gate of transistor T6.
Since the parallel transistors T10, Tll are capable of
sinking twice the current of the single transistor T8,
voltage ON is near ground and transistor T9 is saturated.

When the voltage at point P2 rises, capaci-
tors Cl and C2 are charged and the voltage at amplifier
output P3 drops. Once that the voltage at amplifier out-
put P3 is below a glven lower threshold voltage, transis-
tor TY9 becomes capable of sourcing more current than the
transistors T10 and T1l, and transistors T10 and T1ll be-
come saturated and the voltage at point P4 rises to near
the positive supply, i.e. output signal ON goes to logi-
cal 1. As described below, output signal ON is fed to a

signal collector, which will eventually generate a reset
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10 sister T14. The transistors T12, T13 are of equal polarity, size and
geometry as transistor T6, while transistor T14 is of equal polarity, size
and geometry as transistor T8. The output OFF of the second threshold
detector is formed by point P5 between transistor assembly T12, T13 15
and transistor assembly T14. 7 The operation of the second
threshold detector is similar to the one of the first threshold detector.
siéﬂ%\&e}é@r,@{Eie;::@éil(‘é‘l%gingz(élﬁ{iﬁ%é@é§|Tﬁaﬁ§i§tcll{iTs%Mb_@§%azﬂi@@d
nd. sign W. ogical 1. en the voltage at point tarts to
©eR rgﬁﬁt %a\#(gl)faafeogtc %%%I?ﬁgr Sﬁéﬁ%g?a?t% ur%se%éc&gr%lsn biaocf%ico

L EHAFGE HRRUNTRARY G CapaGR CR MRS (PAcHBg S §i6h Uphet-

Thehreshbid vehageswhere tgasistors Ti2 and T13 become saturated, the
voltage at paint Pocsiaits ta 2o<epiandieutu signal Qidhgeesdg, logical

as OtrPe“tP“%§%9’Eai%9e%'§l%9%@€89ﬁ8%heé&g%!éoﬁ%%tx%i"g o Wil -
eventua Yy generate a reset Sigha at t’he %ate of transistor for

bLifisehdtgity first chpaditorCC TP preférred BhibSdirdet sRE PaT&Eor
blyase@dgernblies TIOJT Idaanrd T42, T3 wensisting df 1&p trdnisiswiorde
th&0gaestRd &a@r@ﬂgh@@cagggzﬁlﬁ@ysgcgfémgﬁg "git araglssi?cgqtes"ﬁg&llllts in
- nre that are {ter ntro g process variations an allow
széQox_Sh'ﬂ%. hlah.e n;?a? § £QAY9 %?, ay S@&ﬁ"'qgnggﬁa% Q.\_ﬁ;@f

ing Ok . e
the use of nominally-identical contro Sigha (0]

¥ 0\fevsr, #shARTBR Cidarthat s -ftaRsistor adiehifiidsrears bateach
Tl{¢eplaced musiaglecwansistoys asilongasdore @l off" are tcontiollsble: 8
78 Fromethesabove b becomesapparest thatihegicuinsshewndn fig. 1
foBf &%’3??;%?&“% E'&Q%%Q'\‘C%Q%s%%b?gé‘s"’%er%is issped when the
voltage over first capacitor Cl rises above a given first, p%smve thresh- 5
and| Faret Witife S§REFSEFE i< t¥sued when the voltage over first capacitor
Cl falls beloWlasgiver second, ndgdtive tresholdales hOhde dateatput
tosignal ONorHOFk ds isssednthesgirewtry cansie feseldfeeding adeset
to?EﬂE%Q%y@P§i %E%%“@llzharg‘ng_HE%%?E@%@MH%;hgégﬁgggggéﬁthe
cell of Fig. 1 in the photoarray Is _dlescrlbe y reference to Fig. 2.
T Rlis F0 SR BT AnGed it 4 Bie: O hoidmeron ARy, Fig. 2
WhehoWkeary ehtotiment withre: P2 starts to drop, the voltage
at amplifier output P3 starts to rise according to the
charge accumulated on capacitor Cl, until is reaches a
given upper threshold voltage, where transistors T12 and
T1l3 become saturated, the voltage at point P5 starts to
drop and output signal OFF goes to logical 0. Output sig-
nal OFF is again fed to the signal collector, which will
eventually generate a reset signal at the gate of tran-
sistor T7 for discharging first capacitor Cl.

The preferred embodiment uses transistor as-
semblies T10,T11 and T12,T13 consisting of two transis-
tors connected in parallel, because the use of these
“unit transistors” results in thresholds that are better
controlled against process variations and allow the use
of nominally-identical control signals “diff”, “on” and
“off”. However, it should be clear that these transistor
assemblies can be each replaced by single transistors as
long as “on” and “off” are controllable.
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15 two-dimensional array, where the cells 10 are arranged in rows and
columns. For simplicity, only one cell 10 is shown in Fig. 2 - all other cells
are arranged in the same manner, each at an intersection of a row and a
column. 20As can be seen, the ON and OFF output signals of cell 10 at
row i and column j are fed to two tgansistors T20a, T20b (after inversion of
the OFF output signal by means of an inverter, thereby taking account of
the negative palafityif the signal genecatedby e sesend radhegghold
Cigg&eic,%g:r aqlg they.areF ere-i)red to a row S|%nal ling i. Jcn facth%hfsql&eut

SHOWR 7 1. 10, energtes two,Qutput s
signals of al cells of a gl\c77en fow | aré "wire-ored ?o%ﬁe same row signal

anfin@TEA poligp Hevite oA ethiRiv PhfS tHé oW Bheasigh afeén hidcels in

cathecicve pult it lows dheabignalsiog Bosthefronssignabknes aee chtted Hrow

018i0paiSie, whileAlIgWsSignalHines %r%@gé%é%wﬁ[@t%l@a‘é{@ich
forn?. part of the si.gcnal cgile%toi ff t%e E)hotoarraxf Once that Jow arbiter

ov 1rstT capaCILor a S 2.L0W a ven second, ne%a-
T2 recéives a row signal on a given row signal fing T and it nas no other

Cijsy S SR féndifg, Rissucia PowRitknddedde SRyl IPFA rdw
i sagknowledgedimeciattiyutedtotibe sasee row i LEke tow ackrovdedge

si8ignal isonlydssied gncerowarbiter 14 de- termines that the photoarray

is ready to process a t.event, asgtj) scribed below. The.row
acknowledgegs\ré%ﬁgﬁsr%%]tng%gAN %at%psefél,g %Lttﬁgujtcehd;2 tocgalc cell

o of thie-giver Polwie SHARSt XN BEYate®l 6 AN RS (W atkhBifEdge SRynal
Fignd the inverted OFF output signal, and second AND-gate 18 ANDs the

row acknowlegge signakand tBQrQM@%E%ﬂ@Qé'-iHae%C%r{Be AND-gates
16, 18 ggg%a&e i%nals onlyé‘ if a cgll isIncurregtIQ/ iSsuing a ro si%ggl %nd

twroe—c:,%%\ines ATOW L acr:ﬁ?gvvledb%'agng The S|gn§ s from the AN

ates
Crpe G BRS R dhrGigh HantiEsie TPE P22 toa kol §6H§P®?% i |
roaisd arcblwmbusigeal ©d-lire paftibated, toccdlynimg wibdh abainiallows to
shonire-ox" alk the column signaks of adiven gelumn. 1544 golumna signal
sé%gEdggﬁk%Qdggggnggkg§ﬂintersection of a row and a col-
umn .

As can be seen, the ON and OFF output signals
of cell 10 at row i and column j are fed to two transis-
tors T20a, T20b (after inversion of the OFF output signal
by means of an inverter, thereby taking account of the
negative polarity of the signal generated by the second
threshold detector) and they are “wilre-ored” to a row
signal line 1. In fact, the output signals of all cells
of a given row 1 are “wire~ored” to the same row signal
line 1. A pullup device on each row pulls the row line
high when no cells in the row pull it low. The signals on
the row signal lines are called “row signals”.

A1l row signal lines are fed to a row arbiter
14, which forms part of the signal collector of the pho-
toarray. Once that row arbiter 14 receives a row signal
on a given row signal line i and it has no other row sig-
nals pending, it issues a row acknowledge signal on a row
acknowledge line i attributed to the same row i. The row

acknowledge signal is only issued once row arbiter 14 de-




10

15

20

25

30

35

ON lines input to a column arbiter 20, which forms part of the signal
collector of the photoarray. Once that column arbiter 20 receives a column
signal on a given column signal ON line j or column signal OFF line j, it
issues a 20 column acknowledge signal on a column acknowledge ON
line j or a column acknowledge OKF line |, respectively, at- tributed to the
same column j. The column acknowledge signal is only issued once

teCRILIRR arhiter 20 KngwistBak ra ythespheloasray sgeady 4@ ProeRse-25
scribed bedow Th% PgnaleL from the column event, as de-acknowledge
Eﬂﬁl’ Iifie and the cofumn ac nowledge ON line are fed to an OR-gate 22

to generate & B8IUFRH aRRIBRIBRGESIgRAPBAA démAteh EBIUMHR ~AND-
gatekndwledye lae | Atgash ¢eall recsignalsl3© fronh¢hey towrackoewledge

riling aﬂﬂﬁheaq;&um@ @WE)V\HEQ%dmeﬁﬁh@m%@m&@\é{ﬁ‘%he
m%%IJl:J EEeF%id t(%an AND 24 a dfromt 5\3\1.#5)7 uIse_LgeﬂEBator 26

to genera & res tS|gn e fed to transist ence first
theaﬁwt&%meﬂea%geaﬁeés %%%%etr@r&%ﬂ%o?aﬁfﬁa&rbners both
Hegereratea oV agdtcoum, ackhoydedge Sigral orethe mow gandcaumn
cedgknawlegdgedines ofithe sargespansing 9@%@8&@@@@9@{& sapagiqr Cl
\{gtlll?foice the oJLFﬁ)ut &g[ﬁls ON andJ2 Fgrof celkloggfg_ OF helr Jipac \ée
sta

epu1se ener; generates a puls controlfab
argurskidn, Eaed the réﬁ&étb?;?ﬁéﬁogzéurmz Co 4 column Signal

OFF line 3j and a column signal ON line j attributed to
column j, which again allows to “wire-or” all the column
signals of a given column.

All column signal OFF lines and column signal
ON lines input to a column arbiter 20, which forms part
of the signal collector of the photoarray. Once that col-
umn arbiter 20 receives a column signal on a given column
signal ON line 7 or column signal OFF line j, it issues a
column acknowledge signal on a column acknowledge ON line
i or a column acknowledge OFF line 3, respectively, at-
tributed to the same column j. The column acknowledge
signal is only issued once column arbiter 20 knows that
the photoarray is ready to process a next event, as de-
scribed below.

The signals from the column acknowledge OFF
line and the column acknowledge ON line are fed to an OR-
gate 22 to generate a column acknowledge sigﬁal on a com-
mon column acknowledge line 3. At each cell the signals
from the row acknowledge line and the column acknowledge
line of the corresponding row and column are fed to an
AND-gate 24 and from there to a pulse generator 26 to
generate the reset signal to be fed to transistor T7.

Hence, filrst capacitor Cl 1s discharged as
soon as the row and column arbiters both generate a row
and column acknowledge signal on the row and column ac-

knowledge lines of the corresponding cell. Discharging
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5 ing refractory period the switched capacitor amplifier is held in reset.
The purpose of controllability of the refractory period is to limit the firing
rate of the output signals ON and OFT of each cell, thereby preventing a
single cell from overloading the signal collector, either 10 in case of
malfunction or a very rapidly changjng input signal. The signal collector of
the photoarray fur- ther comprises an encoder 28, which has inputs r and
fl@gfneglﬁ@(gﬂgb%” thw‘@ﬁkm;w&?w lim%s aﬁ?/ﬁ(?ltaégdjlr%d@ﬂgtqh and
wledge in umn acknowle ines of the
E?Jﬁo%arra%g n%cegt ?e?s) %h tk%eg Tow ajfglterg'E 1% angttlélflé\I “column arbiter 20
acknowledge&iF eRBhEfroRPRYRRP Eelt b HSBHRT PBEEark deterffinethe
coaddressalf thatioelh fronmthecsthte of tie row fracdolumnpackinoivliebige-20
in'@%?@&?ﬂ@@ﬁ'ﬂ)éiﬁ(&? Eﬁf@ﬁm%lm g&/gﬁ&@&'@@“é@@i&%@@%ﬁﬁ
tate. It also can determine if the signal rati event was an
hegrgan OFF S|gnaI9$he TCorre %%%naslfng a&%re?s?ar%? gtl % %I &

EORfomTaticieisifed dsah ®eveht to BBufér-dt to batd- % Eé@séalﬁy%
s igxtelrral Q¥ ceiver OAffe otheceventdrals. besh eolbsted feormrtuiffer 30, buffer
s:,%yallsc@m agiter Jeﬁra@dd&@&rﬂ@ a{baersz@ﬁfat i%iﬁ@@&yot@ lst@%ecﬁe&ext
ntC 20 dr mn_acknowledge signal and row
|ter 1%15%55%3? }tlée’ r%mgnovgv? ége a rﬁéxt iglré]%ag%%fl £ %\ scan
Slt?élgéen from the above, the photoarray can generate ON and OFF events
from all its piXéls. Fhemate ofthésetmvents depends oncthernate Hichange
trefthedight signal sdsingdbeLNvand Rhkgvents foreach pixek 354t
: Qkﬁ%co&%% pggslﬂei tq: ecQ nﬁwcﬁ@% epol]E s&nal at the J(_;iven plxiaé This is

ustrate |n Fig. ere upper gra s time

ows the |nput Sighal
Hetvative ant ﬁweo\}?&t et EQ&&%@@FW&%‘W% &N and
LiQEF everitbarpindicateckhy civoles. Thetowet gragie of Fig.3-shdws the

14dnputssignal and the reconsteucted inpuisignala e lattes-haing ealglated
m%% ﬁ@ﬂ ae‘%{)é%%é'}te%'tls%h 88‘%& qyent gnd S&ab”ac“”gfth%hsacme

at eac £ event e embo ment own so ar there was

oo FRARiG IREHET 16 AR (BN SRS BEFASIER™. Two
Lisohemnisigaalsineswigrd reudrek forraricoding thépolatite (OdEGA OFF) of
withe sighalnAlieeiativelys thereseeuld betwa rew signaldinesrior eoceding
tﬁge§E$ﬂg¥5HE£QQQ%¥H§CQWQ"é§gHE“HQE-an ON or an OFF sig-
nal. The corresponding address and state (ON or OFF) in-
formation is fed as an “event” to a buffer 30 to be ac-
cessed by an external receliver. After the event has been
collected from buffer 30, buffer 30 tells row arbiter 14
and column arbiter 20 that it is ready to store a next
event. Column arbiter 20 drops its cclumn acknowledge
signal and row arbiter 14 is ready to acknowledge a next
row signal.

As can be seen from the above, the photoarray
can generate ON and OFF events from all its pixels. The
rate of these events depends on the rate of change of the
light signal. Using the ON and OFF events for each pixel,
it becomes possible to reconstruct the input signal at
the given pixel. This is illustrated in Fig. 3, where up-

per graph shows the input signal I, its time derivative
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Similarly, if only the ON or the OFF output signals, and not both, are to be
collected by the photo- 15 array's signal collector, only one row signal line
per row and only one column signal line per column would be required. In
that case, however, other measures must be taken to generate a reset
signal for discharging capacitor Cl after generating a signal not forwarded
to the ar- 20 biters. For example, if only the ON output signals are fed to
d/the arhiteisetheoOHmeUipHE signat eoultkbe fed directly anddeesaliyhback to

omt@ﬂé'%%*’FTZ\‘;%Eesseé@%q .‘Jh%ﬁ%@t‘é’cﬁ‘"S%h%rer%@e%ho‘&‘ﬂéa%%sﬁnbed

presently 25 preferred embodiments of the invention, it is to be distinctly

9T BRBeRtobd hat the RYENGS is ABEImRad Tﬁére?&%u?ﬂ?af GE&Btherwise
styadoeaslylembodiedunsd pradiicetawitsin the seopeadithe FoRowiig claims.

adddnlyIGSLERCL? Claimss ity laA pheipamaydoedetegtingdimedependent
thl:!n@gﬁéjaﬁ tggcplhqgggrr@;eq%npnsmg an array of cells each including: a

photosensor generating a sensor signal dependent on a light intensity at

said cell; first BaPARISTBEMG cHATYEd BY & BdrrehEpRSpdHidnai o a
rotimeldadvativersf s&id sevisorsigrialcadeasmone ilweshold detearer

codetactingwbaswltage avessaid filstcapasiter 18excaads adhreshetdivalue
1n@Ndiilit does generating ap upyt signaland: ooy - alterna-

tively, there could be two row signal lines for encoding
the polarity and only one column signal line.

Similarly, 1f only the ON or the OFF output
signals, and not both, are to be collected by the photo-
array’s signal collector, only one row signal line per
row and only one column signal line per column would be
required. In that case, however, other measures must be
taken to generate a reset signal for discharging capaci-
tor Cl after generating az signal not forwarded to the ar-
biters. For example, if only the ON output signals are
fed to the arbiters, the OFF output signal could be fed
directly and locally back to transistor T7 for resetting
the cell.

While there are shown and described presently
preferred embodiments of the invention, it is to be dis-
tinctly understood that the invention is not limited
thereto but may be otherwise variously embodied and prac-
ticed within the scope of the following claims.
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a discharge device for discharging said first capacitor after occurrence of
said output signal. 2. The photoarray according claim 1, wherein each
cell includes an inverting amplifier having an input and output, aﬁ%gL P
second capacitor in series with 15said figst capacitor, said first capam%‘or
being disposed between said input and said output of said inverting
amplifigf,;and said second capacitor being disposed between said
photosensor and said input of said inverting amplifier. 3. The
Photoairay age e P& MR IR AAREAD hERBIEHDNR. Wit array
larger than said first capacitor. 204.The photoarray according to claim 2,
é’t‘!ﬁiﬁﬁé‘h&@her comprises: an amplifier output; said inverting amplifier
includinga first transistor having a gate and a drain-source channel; said
first capagifoy Being diseasedhghyeen said amplifier output and the gate

of said first transistor: and a second transistor having a gate applied to a

MC S LijRtdefined Rotential BRvING ehRORHM ARROSIE 19BN at said

transistor, and being in series with the drain-source channel of said first
degpsistor. 5.The photoarray according to claim 4, wherein: at least one
said threshold detectors includes a first transistor assembly and a second

trans?%@ﬁ@@éﬁﬁ@ﬁﬂﬂ %@Wg&@%%&@ﬂ%t prolﬁ;r{ﬁﬁﬁﬁ e Ghsidrivative of
transistor assemblies includes at least one transistor and at least one of
SRk Haesisialaassemblies includes at least two transistors; said
transistors of said first transistor assembly have the same polarity,

geomeltYeasihaiz@RSIRAINIMSE {FRasistanhAind saithiabaistond Bhsiaighacitor
second transistor assembly 10have the same polarity, geometry and size
A &d sereibliansi®iarid if it does generating an output signal; and

a discharge device for discharging said first capacitor after occurrence of said
output signal.

2. The photoarray according claim 1, wherein each cell includes an
inverting amplifier having an input and output, and a second capacitor in series with
said first capacitor, said first capacitor being disposed between said input and said
output of said inverting amplifier, and said second capacitor being disposed between
said photosensor and said input of said inverting amplifier.

3. The photoarray according to claim 2, wherein said second capacitor is
much larger than said first capacitor.

4. The photoarray according to claim 2, which further comprises: an
amplifier output; said inverting amplifier including a first transistor having a gate and a

drain-source channel; said first capacitor being disposed between said amplifier output

and the gate of said first transistor; and a second transistor having a gate applied to a
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said amplifier output is connected to the gate or gates of said transistor or
transistors of said first transistor assembly; and said output signal is
generated at a point between said first and said second transist CSLLP
assemblies. 156.The photoarray accordjng to claim 5, wherein the gate or
gates of said transistor or transistors of Said second transistor assembly

re tied to substantially the same voltage as.t te of said second . .
e R G R e TR Sl R SR agp sries
Vg’%:‘rs%ﬂ?’[ 3 \I;EV\II?%%]OdPE?t%% riaglgl% apray doft1 r%?ltlrsé %gﬁi;l.-he photoa!rray ac;cording to

: prises a signal collector collecting said output

signal%]‘rom a}ILgf ﬁa'{g cells, 9.;)Ha¢13

Iray accoraing to claimnj. 111; .
further comprlses]:9 |scahar§e eVvICES eac r(r:hsioosedﬁ In"a respective one of

said cgl éa%@%n'vs%l%%}?%i‘d el SRSLSIOT e%eagﬁfﬁﬁt% saeh é%‘e%%l”%nd a
said discharge device of a respective one of said cells; sal S|gn}él

Selleaar,unen eeshifg AR UIRUL AghRLfpm 2 given cell, controling said

reset signal generator given cell to trigger said discharge device

Sof sal %ﬁ’bﬁ?'&f% i _HSrBE%?%55%%%%?%%}2&5%9@{& B RSIERPAY at

array of cells I1s a two-dimensional array of ce

e%t%otqarrax %vcl(l:eorrding to claim 8, which

least one of said transistor assemblies includes at least two transistors;

said transistors of said first transistor assembly have the same polarity, geometry
and size as said first transistor, and said transistors of said second transistor assembly
have the same polarity, geometry and size as said second transistor;

said amplifier output is connected to the gate or gates of said transistor or
transistors of said first transistor assembly; and

said output signal is generated at a point between said first and said second
transistor assemblies.

6. The photoarray according to claim 5, wherein the gate or gates of said
transistor or transistors of said second transistor assembly are tied to substantially the

same voltage as the gate of said second transistor.

7. The photoarray according to claim 1, wherein said array of cells is a two-

dimensional array of cells.

8. The photoarray according to claim 1, which further comprises a signal
collector collecting said output signals from all of said cells.

9. The photoarray according to claim 8, which further comprises:

discharge devices each disposed in a respective one of said cells; and
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said cells are disposed in rows and columns; one or two row signal

lines are provided per row, said output signals of said cells 100f each of

said rows are tied as row signals to said row signal line; a row arbiter is MCSLLP
connected to said row signal lines and detects said output signals; one

row acknowledge line is provided per r(l)\AN,said row arbiter generating a

knowled ignal id K doe li ivi
oot AR ASCH B SR E o SEHEUOM oS (RALS A EOTge e

%s)tir%n I Iir\ S are provided per column, each cell generates a column signal
S &Slidimn signal line if it generates a row signal on its row signal line

and obiains.a row Acknowledge.sianal on s fow acknqledde net
a colufi‘afsitar 18 conne Y 1o gaid Gflimn |gna%rhnes and detects aid

20colymn signals; and one colu n.gcknowleﬁlge line is rgv&de er, .
controiling sa I‘GiSét S1 n%l. eneralor of sdi %wen ce trigger sai 1SC ¢ device
column, said column®arbiter generates a column acknowléedge signa Lﬁ)on
ﬁcei(?t 0\1/c a collmen signal on said column signal line of said column;

P'T5 ™ said reset signal generator of each cell is connected to

said rqw)‘ack.rgc%/%ﬁ%% A@g ag&g Osr._ajg ﬁc%l%fgﬂnaé:m g?rq:ge line of its cell for

triggering sai arge device In thie presence of a row acknowledge

signal and Ao Acknenleda sigpsl i Tegoaray according t

claim er comprises an bencoder connected to said column

ackno Al?(gg?fﬁi%a&ilgﬁggeg@g TR gﬁh%%ﬂ%ﬂge signal lines for calculating

an address of said cell generating an output signal. 12.The photoarray

accorajng fo %%avosim? E%sta%dp%W@e%&W&%gs%d output signals of said cells

of each of said rows are tied as row signals to said row signal line;

a row arbiter is connected to said row signal lines and detects said output
signals;

one row acknowledge line is provided per row, said row arbiter generating a row
acknowledge signal on said row acknowledge line upon receiving an output signal on
said row signal line of said row;

one or two column signal lines are provided per column, each cell generates a
column signal on its column signal line if it generates a row signal on its row signal line
and obtains a row acknowledge signal on its row acknowledge line;

a column arbiter is connected to said column signal lines and detects said
column signals; and

one column acknowledge line is provided per column, said column arbiter
generates a column acknowledge signal upon receipt of a column signal on said column

signal line of said column;
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lines and said column acknowledge lines are wired-or lines carrying

signals from all of said cells in their respective row or column. 1013.Thgy SLLP
photoarray according to claim I, wherein said sensor signal is proportiona

to a logarithm of a light intensity at saiqgell. 14.The photoarray according

to claim 1, wherein said at least one thréshold detector of each cell

lnclud%gl:d'sl rggéstt %%rr?ﬁ%%ldeg %?(%)tp éa%ﬁtge ]il ?%:g ¢ é’&'éé %()a NE {‘os\%lgcﬂﬁﬁwledge
capacitor excee a Irst, upper threshold value and generating a first

A o AR I e SO v
t%aelgﬁe %gegoefqae{g\qp&%l%%ﬁgﬁlge%ggﬁta%gQz%loiﬂ&gxoa%ﬁhowledge signal.

11.  The photoarray according to claim 10, which further comprises an
encoder connected to said column acknowledge signal lines and row acknowledge
signal lines for calculating an address of said cell generating an output signal.

12.  The photoarray according to claim 10, wherein said row acknowledge
lines and said column acknowledge lines are wired-or lines carrying signals from all of
said cells in their respective row or column.

13.  The photoarray according to claim 1, wherein said sensor signal is
proportional to a logarithm of a light intensity at said cell.

14.  The photoarray according to claim 1, wherein said at least one threshold
detector of each cell includes:

a first threshold detector detecting if a voltage over said first capacitor exceeds a
first, upper threshold value and generating a first output signal if it does; and

a second threshold detector detecting if a voltage over said first capacitor falls

below a second, lower threshold value and generating a second output signal if it does.



