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. Photoarray for detecting tinme-dependent inage data .5

‘Technlcal Field The invention relates to a photoarray
et ect i ng 11 me- dependent i mage. datar whi ch mmwtmwwwuum;m
an array of cells, 10 with each cell having a__ «sgs5«

phot osensor generating a siignal dependent on a |ight———

intensity at the cell. Background Art 15 Real tine
artphd b Alr FN ddsRY: A p!eﬁgﬁae driflen 54l @5data

di scl osed in US 2003/0015% 'S tra I't1on- Iy
limted to the frane rate at mhlch the array |s sam
pled. On the other hand, such photoarrays generate a
huge anount of redundant data that needs powerful and

costly 20 post processing. D sclosure of the

| nventi on fﬂéﬂﬁﬂd@ﬁeﬁﬂﬁé_be sol ved by the present in-
25 vention is to provide a photoarray that is better
suited for,real tine arti Thi_s _probl em
is solved by tHaSH lPan?g e8¢ %ﬁzﬁrﬁ t?REf&leﬁng,
apharphpt @érpkacytqﬁermetlmeegéﬁmentﬁvemx oFe tammios ég ma -

db@@ﬁh@ﬂtcﬁﬂnac){e Qa0 fwhli We %@mﬁkﬁ_@é@' é’r@aArr_aJy' @{E eki11s,
ave rectan

Behnar e e AR RESs ST sional
dgeredant ngn a2 skigor igitgmall tdepenteatcall t he | i ght
inten- sity at its cell, a first capacitor being

charged by cur- rent Eroportional to the tine
derivative %f 35 signal, at |east one
threshol d detector detecting if the voltage over said

onor ot CPAGKLRY 9XREQ0R:84 LOLPODEL b MBS Adngtoar-

generatjng an out put

ré‘bfar §BCHed? c‘él?f%]roscﬁdsé-ﬁlapél QO%QOW%?' clap dciaddit ion-
aaﬂyenlm@ﬁwrt@nme afr a3 &a@@t autwﬁi@ma&he ldrretyhels sam-

Ldsq,C g r._dj scha % t he irst c Raci
e Gr VR Ryt Heh R ophEhen e e it el hibe
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 is to provide a photoarray that is better suited
for real time artificial vision. This problem is sblved
by the photcarray of claim 1.

Accordingly, the photoarray of the present
invention comprises a tovologically 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 said first capacitor exceeds a threshold

value and generating an output signai if yes, and a dis-
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5 ol d value) generates an event in the formof the
output signal. This nethod of digitization is
"especially suited for a photoarray because it allows
to reduce, in very sinple manner, the anount of data
at its source, nanely at the cell. Data comruni cation
out of the array only oc 1@ curs when the incom ng
l'ight intensity changes. Hence, the anount of data to

ch@r@éoﬁéﬁﬁ@éj f&r r@ﬁﬂ&ﬁd:gq nastheaklyst adubdd&or after
Eﬁo garray gan t tion at a higher rate

ant & gonventto zﬂdaﬁgﬁ Gedn ?ﬂz di scharge device is
used to resat dtercaords, pabatoinaf ter dscdaentingThehe

PRI OIS ALATAL of e

vaARtAY o‘i%rf‘%/ratt?p"‘or"fmr @é’@lnﬁt 1pf thp wfrmﬂf 2 esiogiRmt
sfippalia Thiemetdidd dﬂuarglgmabtmahlestéﬁpénmﬁﬂmy Sudted

£6eS8l bR O AL, O LAoOLVED £ollcd 0 4o energle a

reset  signal charglng Irs YThi s
SéWP%ﬁsm??EF¥mgﬁﬁﬂ AU Por AR b2 cdht Hot QQﬂiqﬁrrm@@eﬁate

atf theheelkl Imat2rdmaaihicakbogasut Ust Nete GRITRAN $R1§ oc-

0 n.se |e o the first capacitor.
SR P e g i a Bt B ity epEe anc
thR BOPPUE of ch':ﬁ:a itev éret Loﬁgcaﬁpeqifmrremd:etm@lxs@cmnally
aﬁdpﬂﬁétﬂﬁoﬁcﬁaﬂa{ﬁmﬁ@ﬂ trhakween; i herphot Asens h%ﬁe(:he
ggglkfler S.dn t g éovtmo capacitors and the
TEhpl FRFR2 £ :ﬁﬁq? h&§V¢5paci - tor anplifier.
Advant ageoUSley dlﬁheaseeoddvca@am tured $o nackt| ahgeta-

é@lgortgghgﬁrgﬁ;éygdtarge) than the first ca- pacitor,
ifier gain Si nce

mhlch allows to _achieve a hig

the ratio ﬁifhé@ﬁ%Pﬁéréﬁp%%Ytf%%FQﬁrtqﬂgpééﬁﬁc?téﬁgn%%
cdélenesr tdwl I asiedr [thep ogapnt ofighel anfddrf izan and
csipge capacitors can be manufactured with high
accuracy on a chip, this technique allows all cells
of the photCHPR&RISOUESYhaVRON eFSLIRF [ofr anespbRBE
seyealifrdéhen prioper tde@s , otheobhgfia Bl @B I dohereek! 8

rgE££e§i§%§ﬁté%ﬁé%é%&%“%%sthg 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 ratioc 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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t he manuf acturing process. Advantageously, the signa
fromthe photosen- 5 sor is proportional to the
"logarithmof the incomng light intensity at the
given cell, which allows detection of signals over a
wi de dynam c range and, additionally, renoves
dependence on the absolutesillumnation. 10 Brief

Description of the Drawi ngs The invention will be
teehgeé #@Q}erﬁnﬁchxa%sp%%g(:&%el?tf'?rtﬂé" qﬁgfif.%gn

rth bove Wi | | ng ?%rent mhen consi
°t i SLAMERET Het eﬁ& AE FBTEPL| Gie O (iRl STARCERI 1
tdetmaheﬂackﬁmmnqnpnmmehhereof. Such descrlptlon makes

reference tQhkﬁﬁa ?gégg §%“£¥§ﬁal [el Ehgtogeh_

a circuit aramo apot arra
Saécé?dpﬁap%tw@lprt@séﬁ@ .lﬁga,ﬁftlérﬁ ofzotl”Fa gl-n”@mlélga

1bbhekigtégsidy (Htag:l’l@ﬂg(ifveﬁabélpf wlﬁﬂﬁh F&I@cﬁ@r rd%)t‘.e@fuon

Ehglg%algngver fhe Egppgm%c rang% qﬁgg Qi S%qﬁy
LERPY§F n emdqrﬁ@ 19y EREI éhsﬂéuﬁ%m—lbﬁ@mmﬂe t he

photoarray of the present invention conprises a
plurality ant a- eousl identical, cells, where
each cell .4§j%géﬁ595§§ 198 Qb RS AEANGS 5 sensor
signal and circuitry for process- i ng the sensor

signal AnTﬁﬁﬁ%hQ%%tQHﬁogiﬁFn$eQge€%5¥1d%d@?skobﬁ and

Fi t of t ell t
g’éﬁﬁFF;‘gEh%g %%W&&f*a‘&g %oﬁgllﬁe"f‘%‘?‘f%d“a“pﬁ’@tcﬁ@{?r BNt
pprepdr vhematon i dedat liomcami gyvenghd the ehsgddndent 4
c19§m9 h9£ g@ﬁ@%ﬁﬁﬁ&%@e BﬁacﬁgﬁEBSSQSEDﬂ’#J&%hSe'r%t Qs

orman a
Sgﬁhs%ﬁﬂﬂa@ﬂm eSSt ﬁmf@rfea%oh@ethegeafgreatq%girawmgs,
whemsoni: Signal haV|ng a voltage linearly related to

log(1) at 5.,ppint i.e e,yoltage V at .point Pl
is V = cong% 9 135, c1rcu1@ dlagra of a 51% ﬂe ce

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 is 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 Fig. 1.

At the input side of the cell, it cdmpriseé a
photodiode D generating a photocurrent proportional to
the incoming light intensity I.
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kl og(l) wth constant values k and const. Simlar cir-
cuitry is e.g. knowmm fromUS 5 376 813, the disclosure
'of which is incorporated by reference herein. The

f eedback arrangenent has the additional 10 advantage
that it speeds up the response tine of the cir- cuit
by actively clanping the photodi ode voltage at a
virtual ground, so that a change in photocurrent need

onl y chargepr tp@hlo%e@@ﬁlsﬁte Esrm dirpde %%pi‘%h%a@fﬁn by

smal | _anmpun nbodi ment o ﬁiy
s&ﬁF?ﬁﬁtgl’t?ﬁ«nﬁﬁwaPﬁeTﬁhoWBaFBdE@Fqb%ﬂ amnl iddiers Ak
sghatedtial by Ingardnhrdddesspoasd, agerd gy a sensor

t
PR AP 4 HiGoerd etk P el ot A R Focflon”
peing h%l powed+ (oY iPBtireR 8f aEheODRE Rblis Ve gONBEW
ki- DbgNs) twEsh coliskaneckaingus kSaﬂ@S@6ﬂ§E“jSﬂm1l@§ cir-

20 4/0067876 the di_scl osur h |s i ncor.
CPELEA BY Feferdived éPglﬁg $hg§@m$i ﬁﬁﬁoﬁPrﬁlof
Whécbeust%ﬁQQﬁPQﬁﬂﬂ§d oty aeﬁﬁaﬁscgtmﬂréﬂhil n series with

a trans'StqmeTQQe@Eac25aEP§n§éﬁ€hﬂxﬂé§WHHé alh¢98h &1
e of transistor. T5b at a fixed potentia

| t
%‘?’%gg%‘? or T3 asﬁ’&e%buf’o% re‘?‘l%%f?s%rﬁjﬁ%? G4i kh8oGiEe
chot | byezrciviotdlage lawipfiag. thhephotodiaire wilidye att put

VE%tlgsi V&f_@&ﬁ&e dd angicsto 'E:ﬁahée agal ﬁhoéd&ﬁg{elfr%fe relat ed

|t to
OP&S %%%ﬁﬂol%ﬁ%%%g %ﬁe?@ﬁgg? |¢r?g§>aq‘léé‘@l§§lcgyaﬁd

spassi aheuntnstability. The voltage from output P2 |s

fe0 w0 8 2 AShednBRRaRELOloATRI4 [ IE! char TR DY, Lo

tranS|stors T IN series Irs capaci
thyough s mhatasicdess D 6f &2l april bs tafreﬁwsﬁ@mﬁ In a
clikasst sddderd 7L agids aavod tdiys- pebs gei sty & ok 1o§a—

Lsch t r capacitor_Cl. _ Transi.stor
rg%ﬁ§n€%9%£§% JHE sf%%F %ﬁtﬁhang%%%lo% S SES E
whieht 24l ¢pes v@eeﬁﬁfqurcem@inspér s§hgepawelr TSN Empstion of the

aﬁ@@@ﬁié@fa’@l 1dwb ﬁt@%@qeqeaet nees @é&}kﬂlfq@er l%utd@ét:rEﬁed
?% %&6@}6%%48%% %%Sdhggigghgg agm%hlégﬂis 1n%orpo—
rated by reference herein.

The voltage from pecint P1 is fed to the gate
of a transistor T5a 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 T6
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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transistor T6), i.e. the anplifier will strive keep
the 5 voltage at the gate of transistor T6 constant by
‘adj ust- ing the voltage over first capacitor O. The
voltage at the gate of second transistor T8 is at a
given, fixed po- tential "diff". Transistor T8 sinks a
bias current for anplifiersinput transistor T6. It

al so determnes in part 10 the output resistance of

ohESu@nF@'fdéﬂtedﬂﬂ%ﬂw%%%rE QQS@EE?Pé'fé%ﬁuf%%ne%igggm

apnd T8 jis, designed to have vo gai n
Céﬂﬁ%’c%ﬁ iGh 145 | echRRtIREYY élf\%lfolfelz:ab&mtom and
thal LesuiCH Ll thl'&armreeltahlgoamphfh@r syl Ié:he;daeC@@%I bar

er as.fo t r.eset
L R
vpStEgR %tfﬁtﬁ gaﬁ@d@fp reRFOEGAT t T Anse st tem ts vt @mmgt—

lhbetN@|idmﬁhgﬁ Bner Eirkitetapdtptbr R3L J srirguallthget Be

nsk St or T6 This v Ita e is
tgetérm ned {/&%ﬁ%att%a%ﬂ %Ogu??en ik Welllr’a%&?‘gaoPo'
tegtigdr i of fTaangdsiterols swnk@ha i {openireg tt ier
aﬁp&lﬁi@rF&ﬁﬁﬁﬁSﬂHEhs%@%th@@ Car 9@§ét&gtéyﬂyﬂ'f'§5 bArt

h [if the inverti ng
b o Ry GGy 96 ShA TOShEE Sperthoodpvegking an-
psubseantomidd/ irang86 hdnTBheés cdpaitgial tataeeC2bClage
gdont figs £ 0580190 283kR QBth€h§m&$§%fQﬁ§Qﬁ%%b&@%r
L ifj is given by the ratio
vggp%%t%ge%usly set to be fairly high, e.g. C2/d =
for t h&heeapemnsatien- of i tiedswabmied Ela@acﬁesab@ﬁk
prIPIféP%é 24 010248 :Ohstlans pLelory of J010.08140¢0h6

cl osel Yy to a constant
b?%ﬁ%glrﬂ%éraé?amléoéuﬁ-em’ ﬁh@ﬁ\#h@g olrﬁ do d:élﬁa@iuttérltcz
nﬁdlStPZﬂl‘&&ddg@Wt&iathEtaapaﬁht@lﬁ , thHY srolt‘tka@teeaﬁ laﬁ—

t t f..the v
pﬂf’f&f r%p 1 g%altlllee [rE flr? $d€°ltﬁ%e ttgg gﬁg
tﬁ@%ﬂﬁw"go%tTﬁ)utT@t}ts F’Ql‘tégm opofetoraing® tyhehehhnge at

chAr&dt piinPHt ltfﬂé&stlﬁeo@ @gedTlhﬂQ{h af¥ @%/ag51sIB§
syolta o{o rrrlp |gf| r, qut uf] P3l|se tggee Wg 5
VR eliel o aiBtorEe THeBFh} cRLefeq i HeElngl aode 6
Paettor sanmlidemyr iisedhef agtive sampYafsirst aondssenhl yIf
tE®Ninverting amplifier formed by T8 and T9 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/Cl1 = 10, for the reasons men-
tioned above. Then feedback from P3 to the gate of tran-
sistor Té holds the gate of T6 closely to a constant
voltage—a virtual ground. Therefore current flowing onto
capacitor C2 must also flow out of capacitor Cl. This
current is 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 ﬁoltage of amplifier output P3 is fed to
two threshold detectors. The first of these threshold de-
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sisting of a transistor T9 and a second transi stor
‘assem bly consisting of two transistors T10, Ti
‘arranged in parallel. Transistor T9 of the first
transi stor assenbly 5 has the sanme polarity, geonetry
and size as transistor T6. Transistors T10, Til of
the second transi stor asse bly have the sane
polarity, geonetry and size as transis- tor T8, and

tbbeyrarﬁsCfFMﬁxﬂééﬁidI ﬁaEgEE€|tré%§&sﬂiﬂﬂéqﬁ$%&?gn%on—
s tes are ti.ed to_each other. T
gggﬁﬁssdﬁg%e chanier® #9traé3|s§%? %% PPN 5SS ESSEDT
bilijecods b$ winmn ric dwohdmaalss sobrsrBhdi stlor s rkEhgead 1T | .
pgﬁﬁllgﬁteﬁréﬁsf§ﬁéﬂ'T@n%fskﬁésflggtafEE\ﬁ%%ﬁ%&eassembly

conpect ed fiXx otential "on"
héﬁb %nf?%? IRP Yt 8ef°ﬁ‘§tr}50f‘%‘?1t?3a4e "3 ffransgggor
Téut Puen©Nstofrs MELK,i TSl blir eBhobecdind detandictdrs akseenrd

bl_ﬁ’& HQ{ré‘t thé" é?ﬁrté’\%%:l alhe t v V‘?e&fh@@ﬂl SatlrFCF siAAS Y o t'r%ﬁsl_g—

. atlion we w consi
tESnE?L ??%nt%i’eraéet F'F@nBSFEﬁFH adrspaggkel, "o thedr
drafifi, aseurdatenindcalateal thoughed ttou édcrbmm: .evihdent

tive t nlne the actu
chagh Lhelt 20, elal e alyes deter Mo the agugl, o
dFé&B.SQW¥%ﬁ Qﬂ%ﬂﬂﬁ%ﬁgpﬁgtFPP§%SE%b%ch%raH9,Tldnpﬁhﬁler

gadtpubE Paq@lr]wkatrfsqrs&fo@@e TtLbefaﬂat 'ﬁl%oéﬁ@?.ﬁbrﬁiec{tre@n%iostaor
e Sane pof ial as the gate of transistor
f1%ed2§ génce'ihe parak F %Faﬁ%?%?%ﬁé? (iy ﬁ % the
pespablel ofdikinkiThg twitoett B8 efirtentfiofst I‘tén@lsrmglld
deransbst pg ﬂ_&med/@yt 268 nONpk SLEEREe YN AN ransistor

tran istor_T9 ed. Wen the voltage at point
B3 Psess %96§5fﬁa36r§% 1 and C2 are charged and the
vol t age atIﬁnpuﬂﬂMSmraﬁmomuw©uwlII3dhnqxﬁerthe thatli-
ttles M@é%@g&@tpoaamltl s Qr ~QYEePULw B | s helqua giyen
ower res vol ta transis- tor 19 becones

1E8RELFEL 0f= UG tOLS LoAPFORE FHAGETheak HReist or s
rélatane ﬂaﬂuesuﬁbﬂermﬂ&bsthésaEﬂ@aBnﬂmﬁééh&Mﬁs come
saturated and tfags%okp@gghei?p@%{gc% uo%%% L3 BeRr 35

t he positive suppl
lpygi - AERST 1dl%6.§ladf@§é1@r bééSBeFémcbmlbbﬁlrsﬁgmdllfgﬁrl s
ohedutora aﬁd(ﬁﬁﬂrdﬁﬁﬂeeﬁh@rgaﬂglG@lﬂ&éé &V atamdlilstor T9
igegﬁrgﬂg §5ﬁ§¥%otentlal as the gate of transistor T6.
Since the parallel transistors T10, T1l are capable of
sinking twice the current of the single transistor T8,
voltage ON i1s 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 given lower threshold voltage, transis-
tor TY9 becomes capable of sourcing more current than the
transistors T10 and Tll, 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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7 signal at the gate of transistor T7 for discharging
first capacitor C. Voltage at anplifier output P3
‘goes back to its original value and output signal ON
goes back to 0. The cycle can restart again. 5 The
second threshold detector is conprised, as the first
threshol d detector, of two7transistor assem blies.
However, in this case, the first transistor assem bly

sQEH&!L S;§§ e t@’&&@ﬁ't'r‘éhs&%@!ﬂ:?' Y OFSr El%ch-gl%’ln\ﬁhFhfst
consi sts of

e secong. tr stor asse
CEPARII0 S bt SFLERS fho SPARSLEE oP ety T #9e3r B3GR t0
igquakipihal -vilue asidzeuapdtgebgeil yogdasamsaickt @ao T6,

[ {&ansi st 14 is,of equal polarity, size and
Télgo%rg‘t:r%/ as trégc{ntsai%toga 1 The output OFF of the

second thr QWOIS&CEPQPeEPB?S#‘%lQ fRYRET By LFoicrmppEsed,
abetheefitsangicistolassenbkyof 120 Tdwo rand sktoansksstar
v338E MOk, didk, The aner abian ehothe seaong Litkesholdy,,
Py Egﬁﬂﬁt%é%&wq @laraﬂ-léﬁ/évﬁ?-“an%#%@r&j|T§é-’haﬂ‘é|3mgWhlle

tﬁapééf&ﬁd @Eandﬂéﬂﬁﬁ %%@Em?1§4cMh$is$E3éﬁHdJ%QP%QeZBg?n—
i.gna iC VO
S'SLSIQ;?] #}:St ar sﬁaéls&rsgﬁrstﬂe vgﬁ%\h eaﬂ &ROPLE Perar-
l@Mt me@aarsci Faosetayr psetaegotdiog T twid lecliargeistor
TaQCHBU&ﬁt ?EM% ikor sEhe QH&'éeéﬁéﬂf@a%ge%rﬁnsgb¥89
% threshtgl vol %g’le wher e transi storst 2

B oM Sattirardd FPEh &S FOPT agRr et Pt Metesterates

fDQmQS Ty apoamid RSutopdivesnghahn OFFt goess semdiggiTeal, 013

th ngnﬁgtopagss%l}ysrl@gal n fed to the signal
I ector, which eventual |y generate a reset

SI gnal at tHE GREE26£°Rr ah- thE st*HoNy thgesipsehde ey
tbirr $6 sapbldr aro Ghe The pEefEérfitsﬁﬂﬂhhdﬁﬂﬂlduaeﬁec—

tEEanﬁbééx‘}’ér A%l segbbies; [0 Jddand B2, 6gFéFF8F

consi st transi s- onnec

TBéc‘éh%Je ]%%eswa&fedt Rasesigpal t OXF anislls tasr éogrlég@al ts
whent theshel tsyd hat p@fi@.tbem §tar§§nﬁd Qiﬂ agal st tage

r vayiations nda owth
a‘B Qﬁiﬁfﬁléﬂ{ en |(r:JCaIP%con lc ’ﬁJaTFS a‘ctﬁ‘?rfdmg" &R *8fd
Csargef@ccum%hﬁiﬁﬂ-om Fa§ﬁ§@F§rb@1leﬁﬁlhl¥H relagbes a
gifraAShSp&F threshold voltage, where transistors T12 and

T13 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, i1t 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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assenblies can be each replaced by single transistors
as long as "on" and "off" are controllable. 8 From
"the -above it becones apparent that the circuitry shown
in Fig. 1 generates two output signals ON and OFF
Signal ON is issued when the voltage over first
capacitor C rises above asgiven first, positive
thresh 5 old value, while signal OFF is issued when

the vol t ag@‘ro@N%hef abzstre Cﬁ@@%écﬁﬁescjapfp%lrleﬁtbghgw €he
hres oId val ue.

cSEP LT L g R Gidort PEREFEESR (G I o G oRg 8 an
ahe 0BBetSigndled®M ng assesset wbezgn’athe two lttreafes iosear first
o8t etod 7cF1 o EhgyLobl gvkog. cLhe ORI Cﬁ;llgfg d@[;rgt;ﬁ-

in the % otoarray 1Is
igf‘é?Je‘hec'e "fkbllelzlsdgnﬁl PRE &8l 135U%r cHiPhéher Wﬁﬂrﬁéﬁel n
odedNEirof cdpse-idioreNsi daalsabebyw &igiveh $RRWBIANnega-

tf@?o oﬂ&tJéfﬁe 1 nE@Daq gggiﬁéngﬂqﬁgﬁr%&’ th%% the
I are arranged I'n rows
igpnpti ct'rftey Cigifiwi tawe capl be1pessat l%moﬁmolwgmagrezet al |
sO§her W|ﬂ1$ar&fl%t®rrr angedni mét he sanme manner, each at
an interse i row and.a co

seen, the 69%1 %t J%Illegnoﬁesral\tﬁ&foncngA%.hL% e Jfow
of Bha- cbllumtf]e ;mh@tp@@rﬁas iaodesandiesl yorsfE2eaceTROL
rigfter inversion of the OFF output signal by nmeans of

an |nverter the@iby {)aki ng?account of .the negative

pol arity of Pfh&S GRN AU FF PP Chd s EcBRE™ 28F |
tvbreéthel i detle atrar) - aRdgt h2yskhowes "an reestardadientowathosv

tﬁbg@ﬁﬁeﬂéfghdl éﬂ&é&achhekgetﬁgt£%41§'gﬁ%ﬁ% %%rghged in

iven fow,.i are "wire-ore
rPB?N %‘F%n%ﬁ’lu Sne For AiPBLEGHEHe\RRY Sifcesehlr of pEI | s
shbenriow Fiqe 2 ki gl lwbehenocekls sate dhenged pul khet

T [ s _an .30. [ re_c ed
bl s s o 20 LhEc ko slgril JLES et
YaFbiter 14, which fornms part of the signa= collector

of the phOAst @Akl BY. sEBEL thatoN QW IDTF ehitpdtl SCELYES
of ngisiéﬂh 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 “wire-ored” to a row
signal line i. In fact, the output signals of all cells
of a given row 1 are “wire-ored” to the same row signal
line i. 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”.

All 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-
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on a given row signal line i and it has no other row
sig 35 nals pending, it issues a row acknow edge
‘signal on a row acknow edge line i attributed to the
same row i. The row acknow edge signal is only issued
once row arbiter 14 de 9 term nes that the photoarray
Is ready to process a next g event, as described bel ow.
The row acknow edge signal is fed to two AND gat es

I
1018 AL ko grkg 83, 6L ot e SARRLON o

Fi rst AND: gat
ef’ﬁ’étfn%r‘ileg%?rﬁb@ YD&EHRY - si gnal, and second AND-gate 18
ANDs the rmow aohnamkﬁngedg@rﬂlgmd itshee@Ntoutpyt AND-

ggjcggai? i—gerhcﬁrlgoq%eéN%gg gs 161 08fgcenner atv%nsnr pval.s

, current i SSuUIrng a row'signa afid
Fi‘“é%é MR-g2 5w 61 B NREK BRI éa@ea%kwedgﬁq@gn@ aksdf £ben

ihherAMD Ett esi1tHE- ]s&gnaﬁe éﬁd,s%MImJQiNﬂJg%gt%l :ifso%mns

1 u n a C um
tguggﬁ%‘gz%ﬂ&? “?le%@e att e But t%e 61]5 Oﬁ#puat mugélﬁ?agau n
Hantewnsthe AN/Q-rg@-t@ls" 1411 18 h@er@@;xaﬁm Sﬂszrgai&i ondfy afgaven

c@Dl uig. c@ﬁeﬁﬂlyc@sléﬁﬂn@ Qn.@!:w Cgfgﬂélnea%cﬁg:%c%%lv'é%a row

g%aie%qef % n%tahe%gl gﬁégn%fl %?%ra}kﬁ Mis gﬁﬁ@tso&ﬁr a§78
atjﬁcéeqlhathchth Gmananbites 21y €L vBs aa cxdlumam ssygaal

0Ph ﬁugévjerh&pl u%luﬁhgg§én@| B de &A%gmtabg@e'

i ne it issues 0 umm ackno %g si gnal
8 ulﬁn oot UM St IB98dPe8g& ORI FP ne"”fe Hr'a f§ column
sagkabs etige CFfenl |cn&umn respectively, at- t ributed to

the same cQlhyMjym hgl&% %;%,%L@ %%%%%Pﬁna,'ﬁl&nal

only issued once col um ar
OBh%%%%ﬁ riEPUYts Yo dd oL smpr ééleyéela Hoxtwhai@ntforas gart2s
oSCthé)&ﬂa.chﬁlOWﬁoﬂIﬁ&t&trgB@ 8hé rpmﬁ&uemﬁg} Unmnacknaw edge

(EF sl 2 J.cglipn seipen s, Ol e e P
SégmhlObénllélecdrrprw@ﬁl@@nuﬁﬁg@@kr@weldlg@ lJinétj isAues a
c@ﬁ@ﬁnC£&ﬁn6ﬁﬂ%d@e9@§b§a3ooﬁranéiﬁhﬂ(H%EHHWT@@g%d@ﬁ hipe
and 1 he ol rurgncka% q g e gg llnee o,f Ltehse e%ci):rlrveeigc,mal ng
I 3t And e umT RS PEESt 87 En ] P
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 j. 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, first capacitor Cl is 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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AND-gate 24 and fromthere to a pul se generator 26 to
generate the reset signal to be fed to transistor T7.
"Hence, first capacitor Cl is discharged as 35 soon as
the row and colum arbiters both generate a row and
col um acknowl edge signal on the row and col um ac-
knowl edge |ines of the cortesponding cell. Discharging
10 first capacitor CL will force the output signals

f@Ns@ngapQEfiéi celiho A0 gothe 59@#& §¥Hﬁdfﬁad%t§58
g &erator 26t‘%§nerat es a

OgOnPEoF?gJoIJZ dt #9 &7 Illre&ln?ﬁElV%ﬁta@'t%fy peri od.

Dur- 5 i ng Tef padiser geperhodrt he gﬁdﬂéﬁt&% GARatkEObf

c@HEEbﬁlgﬁlésdﬁgaé%dﬂq E%iggd Iﬁg ngfggkoz%jpaflqg ‘| PhFT

contral | abi | ctor
lPﬁerFFF?ﬁE;O%treerdfodt ﬁ:éleo@waat:heé. gm@m awpldEEenf is

headhlnetéseﬁhEMﬁbXnﬁﬁ?M%nFEngoﬁtréliééfﬂiﬁﬁ;offE@g‘geaf
1,.dn ct el I.Nn cas
AT T RRCL YO 61 o Valy Tabl GTe ShENGH i Tt =6 GHEPoT
S?H@aéﬁg% and| Qe todr eafht ﬁél%hot@@xeﬁw gugventheg a

stagpei 6651 &ﬂrcﬁ@@f&&ﬂo&&;n%tﬁg b ég?galzle\rl\céc%rfdaglg}’lfr
t .Ow ackno e e
gggggguﬁﬁ Ié\gk vﬁtlé)éle °6rE N?ﬁgg %ﬁbgjc%lﬁ}ﬁ?g&@ﬁnéﬁpéﬁge

sterali nes of the photoarray. Once that both the row
arbi ter lirandibhe:cebumcasbider g0 Acknauk ¢dog, an

nt froma ven cel encoder etermne th
e EIR Tl SCBOEoF Bhr (B! Sk 4155 GIORYE Fowndng
cepharhedcknadlledge 2@khonésdgberanse amlweliheseall

cg%ﬁﬂ%é‘]&l&&é&?}% o)) 118815' anéﬂ"' J:J)Jtv.ﬁ'& 'arEkt h%'lregﬁgltr o ng

st ate. al so ‘can determ
lf'ﬂgse‘?/fen? W%ﬁa@qaé(r QﬁCGFFh%? gbo%lthel'hf@w arbiter
1¢oanéspondidigmaddmesseand0stekeow (Y dFRlehnB- from a

G QEHRLL N, |ohdBl 9620 oUERL el 00 L TIRLLIQ 1O PRAEC

cessed b exter nal recerver
Cﬁéénfr%mfeq;t%@tfer 6 bbef 8pw3and edum 3¢ knekllsdgew

laﬁéstemeddhséﬂvil®okﬂﬁﬁeabblbﬁélﬁ@ tdalnd lgikenr gagdy to
B B Sy AT, Lo SO R e 150y
the %%q&@%“qgﬂﬁ;ail@gxﬁhe event was 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 receiver. 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 column 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



10

15

20

25

30

30 row signal. As can be seen fromthe above, the

phot oarray can generate ON and OFF events from all
its pixels. The rate of these events depends on the
rate of change of the |ight signal. Using the ON and
OFF events for each pixel, 35 it becones possible to
reconstruct the input signal at the given pixel. This
is illustrated in Fig. 3, where up- per graph shows

d/e bRAUEhSI gaatac%e mfes_» tﬂlff%t?%%b‘é%lit&ﬁﬁ ai, tx%{éjﬂe Oéilm .
e VO ge_over 1 rs a Cl r ere e an
O@Iéngvéﬁ? SErR ?n%ﬁecajtrbcg“%F é{I gércﬁgé | B r-OWiaph
gsfephi gf Bighobhsshdies i Hputingpiugnaligandl ahé tleearecon-
ss'ctrw%taadlhﬁ@ﬂts%@@-_al ’tHeI"'EB.alt%tetreBeQE nsafakféﬂegﬁ g, by

ding a |ven i ntensity at each event an
& nt Eh&gnth% e a2 te£GFPORN VeRE. an® gykbracting

tbebedmereat shownOBD dwant.t here was one row si gnal

l'ine per r(ﬁ%zﬁght Sakumm shanal (Lip % R&lere %%% one

Two ¢ol umm_ si I nes were required encod
LOie Sﬁ@Pah %«}/n% cmP%rr%FﬁyndoftWPhéoépgnaﬁlgmﬂ eries per
coilvehy, Thbetel e i dret V.!ﬂn%@Wwéh:gn@Equlif‘@& fes encod—
cadin olarit one, co na
S e O OO ' B, B2 kel S e b B
%N@%apsthaﬁﬁ AR Bdreh, CWer & oo s@gne@ Léveedidy armding
tmbobaﬁa%5t§r£@& éhiﬁ&ﬂﬁﬂ dbihhﬁCEQﬁn?QniYn@ne {OY/
signal |inegper Wi um_.signal |ine
per col um V\%';u EgLé” r qﬁp}édgﬂ I?h%\]f s & Fh GREVEE,
sduhed speasdrest nesth bere dkeiet oogéaetacﬂ s trres gthoto-

a S c o] 1 er n
aYirghak EQ@an é$¥qéﬁﬂ§%.t§%? eog% E8§%|?%$§I ﬁEHE ﬁgf g

si_gna ot forwarde
BRARAPeOET GRTyPE HETON IGUEpUL LEF GRAF SCaF 850 Meich behe
radbiitreds, It hehOFFcanrs putowsivgmal othek dnbesdess mdisteekl y
| pga f t e
t%rk@n €5 !;{Eﬂepﬁgér(eé gcréegegﬂss %gl%d%éesgésﬁﬁ%?% r{ecg%aﬁalg -
t% ﬁﬂeﬁéF?éd%%Wr%tas sdonehePhvERTVRFLE] ttg §hteo e
bdicerst i Aot | yxamsles sticdddriRatt heheni syuepht Oéhcjrﬁalrmtare

éeh”kge gh§%§£§é£§” ﬂH@’d%% %L@%r%ﬂgfggg Ié%ﬁﬁélbe fed
directly and locally back to transistor T7 for resetting
the cell.

Wnile 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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ticed wwthin the scope of the following clains. 30 12
Clains 1. A photoarray for detecting time-dependent
‘image data conprising an array of cells (10), each
cell 5 (10) conprising a photosensor (D, Ti - T4)
generating a sen- sor signal dependent on a |ight
intensity at said cell (1@}, a first capacitor (Cl)
bei ng charged by a to current proportional to a
time-derivatjgOof said sensor signal, at |east one
t hreshol d detector (T9 - Til, T12 - T14) detecting if
a voltage over said first capaci- tor (C) exceeds a
t hreshol d val we pﬂmtogaermeyatfbngdaﬁe@wnd&:;(md—cﬁép@maﬂent
hat-g T7 or
o et o e el CRICPEOe ) Pl et e
(FOurPBRESSHRI sai d out put sig- nal (ON, C]:F) 2. The

phot oarr ay &)fpm:lt&iS’élnko\thDel n1eachs) Z&ﬁ&laItl(nlgO)a sen-
er I
Solfrtsgsé ?I rs%é%gepnatm Sng(r:o?élg;:’%pv\ﬁe?%l Jr‘fg%a‘i‘td sfa}lrcgtce

(d&pacitor () in arranged between an input and an

out put of aarflxrs»terdapagl@aplltwrbé@ @t ysgcond
capac %%O rran ed b?tween sai dcﬁghot 0sénsor
DL ohF BEBYTTRO Uy Kair AR 3V THES pHot Tk &y 6
sdigagdy 2 wherein said second capacitor (CZ) IS much

larger thamysaidhdd ek ¢8reRaSiE0Metdddor 4rolhe 1],
2 or 30 3, wherein

AeLons i ol ol e e 2 B e

toranSiLst excéddy anittHresdiod df wvadtiecapacémsr{tGlng ainr out-~
pru@ngggnggt\(\&@n @ﬂ:};arggl |er \/\Ht put (P3) and a gate of

sal I'rst transi St or erein a drain-source
chan- nel of dslaﬁcélaﬁglesfjeﬂlﬁﬁmHbrf‘{rl'@lﬁ@air@l@@r sadd
fiassecapdcitor (Cl) after occurrence of said output sig-

nal (ON, OFF).

2. The photoarray of claim 1 wherein each

cell (10) further comprises a second capacitor (C2) in
series to said first capacitor (Cl), wherein said first
capacitor (Cl) in arranged between an input and an output
of an inverting amplifier (T6) and said seccnd capacitor
(C2) is arranged between said photosensor (D, T1 - T4)
and said input.

3. The photoarray of claim 2 wherein said
second capacitor (C2) is much larger than said first ca-
pacitor (C1).

4. The photoarray of any of the claims 2 or
3, wherein said inverting amplifier (T6) is formed by a
first transistor (T6) with said first capacitor (Cl) ar-
ranged between an amplifier output (P3) and a gate of
said first transistor (T6), wherein a drain-source chan-
nel of said first transistor (T6) is in series to second
transistor (T8) of opposite polarity, wherein a gate of
the second transistor (T8) is applied to a defined poten-
tial.
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35 transistor (T8) of opposite polarity, wherein a
gate of the second transistor (T8) is applied to a
‘defined poten- tial. 13 5. The photoarray of claim 4,
wherein said threshold detector (T9 - T11, T12 - T14)
conprises a first transistor assenbly (T9; T12, T13)
in series to a second transgstor assenbly (T10, 5
Til; T14), wherein at |east one transistor assenbly

com prlsegsaqﬂ gtgggrggag§|§I§§m(gg T12, T13) and

wherein at 1east “one tran3distor assenbly conprises at
| east two YWhHeHfsinstsgid trreshqld;detenton o Teher Bilh,t he

TﬂEgHSTStpréorﬁzfrJIsL& fd rfStrstr a8pahsistOF £§§e?amyy (€59,
{ onetr
<112 £119) DE A0 eI LA Lo 3BT 0B 915,

Tﬂﬁangléiors of the second transistor assenbly (T10,
Tll T14) hauadihe ssaneapel ahé t¥ra S0NERI Yo ARELSLZE0AS

th d transistor, T8 e anp]ifier
P L P S Lo L erad oty (Fhe bate T lgdidh " TehE
atr éﬁQS’St@ﬂ!% ofandiestdr estetmbanscenor i sss enblleasE two

+ 133513440 s gﬂg)wﬁqﬁequﬁqld out put signal (ON, OFF) is
gen- 20 erated at a poi nt gP4 P5) between said first

and said JEEFTG add @nﬁF?n BStQ%% PhdttSarkidy tof rerat-ir
t6r wheembly t HES; (et aﬂsgahaseofhsasamérpﬂmyrﬂtqn(@k in
on@kd S§ﬁ@”§lﬁ§§ﬁ§hﬂﬁJ&l g%ot l&&lsggé)k HﬁFQ¢E? in
subst ant | al sanme 25 vol tage as the ‘gate of the
tgscaﬁanﬂ%%#%t%f} {orgsecPrdTREAPROE bR rasgs W lany TéP,
Tiihe pILeérethivg tid aldik wienelBysajdomstay Hd ealzls a610)

thgogeggg di gggé%&?(g%gray of cells (10). 8. The

toarray o receding 30 clains further
conpri si ng "ﬁl@eg-@alth@olamé i6tey 1utpy; (B3) i30Fon-
neekkgctd Nghs addt OWPWateisgBal shé MNradFF e drOmakh e
#3859 el 8 (d0) assemp1y (T9; Ti2, T14), and

wherein said output signal (ON, OFF) is gen-
erated at a point (P4, P5) between said first and said
second assembly.

6. The photoarray of claim 5, wherein the
gate or gates of said transistor(s) in said second assem-
bly (T10, T11l; T14) are tied to substantially the same
voltage as the gate of the second transistor (T8).

7. The photoarray of any of the preceding
claims wherein said array of cells (10) is a two-
dimensional array of cells (10).

8. The photoarray of any of the preceding
claims further comprising a signal collector (14, 20, 28,
30) collecting said output signals (ON, OFF) from all
said cells (10).

9. The photoarray of claim 8 further compris-
ing reset signal generators (24, 26), whereir each reset
signal generator (24, 26) is connected to trigger the
discharge device (T7) of one of said cells (10),
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9. The photoarray of claim8 further conpris- ing
reset signal generators (24, 26), wherein each reset
" 35 signal generator (24, 26) is connected to trigger
the di scharge device (T7) of one of said cells (10),
14 wherein said output signals (ON, OFF) are fed to
sai d signal collector and wherein, upon receipt of an
out put signal (ON, OFF) froma given cell (10), said
Si nal c L Qr t t
egerat or (QJZHA?%%&ZS%% Bekguéaég%ﬁce O(?NIO@J& FFlegE%?
tPheayd sty RELaAtes end) wherehe, gmmam rasl9iptl OF. an

_ oﬁepuihel@MQIOHMWayﬁwﬁ Z@ymoh @Lﬁéﬂ18bleﬁmﬁ|nsa§@|g1g—

Q Mensi o arr
ndl] P qeeSt (el $a %dcé%shibgn%? Gaatbad (24,
2powet 10harei el wiedd, Q) dtph‘ér@awayth:@rqmrsmarrgeode or
vive (DWW SéfnaHe |<j1ﬁ;%$1 RRN1I OWNp) V\,her ein the output

signal s e ceIIs row are
ti gd as Eow S ?RP%ogﬁfﬁyr J?N %r% iaﬁrél %a ¥FBRrein
saiBi apray 1o Qﬁﬁﬁ@edﬂ@d tte satdordimengrontl malralyi pés
c8ds de1 @ ik RAI AULPUE1 3L0nab P L. Cilrlgeq 908 LAY
acknow edge |i.ne per row, ereln sald row-ar
a %4 %ﬁ t%ﬁ%QiAaﬁﬁOQEEHBMF@@@§l§+@%a| on said row
acknow{ edgens e ttmonroeceiq;xtabflzams()lﬁenutcows.i gRakein

theMoulhif) OANG IO, Sorey SESOAL iR 2Q)0ng gt fwo

col urm” sj gnal |ines per _col erein’e
rf"ioﬁr%eﬁ'ﬂeerdatae% LoV SLERA LS| Eﬁaﬁa%ﬁl Fqvs Sic%lal}nﬁlgllegnal
line if it ageweratbstars OM)SI@ﬂ'g{edHéd > show §bﬁn§%w—
n now edge_ si r
nal B A e e 2 ) Wy GER e
to said copﬁeu#ﬁwsﬁghaPWl$¢E% hﬂvidéﬂeapwmgWQardln
s@Ddi Ut sa:gcmaﬂe?r @nd genergeLsny a&lﬂw}érﬁﬁﬂ%d@en%leﬁél

ot s S AR5 e e 8 el lo P Ra cBb Pt
S%@@ﬁb] Qﬁthﬁf 30 ¢beumnwss codbwnsigiagndline,ne, wherein
sai d reset csicgR2l tgeNes LR {2ha128)ines per column,
wherein each cell (10) 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 (20) connected to said col-
umn signal lines and detecting said column signals, and
one column acknowledge line per column,
wherein said column arbiter (20) generates a column ac-
knowledge signal upon receipt of a column signal on the
column’s column signal line,
wherein said reset signal generator (24, 26)
of each cell (10) is connected to said row acknowledge
line and said column acknowledge line of its cell (10)
for triggering said discharge device (T7) in the presence
of a row acknowledge signal and a column acknowledge sig-
nal.
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of each cell (10) is connected to said row acknow edge
line and said col um acknow edge line of its cell (10)

“for triggering said discharge device (T7) in the

presence 35 of a row acknow edge signal and a col um
acknow edge sig- nal. 15 11. The photoarray of claim
10 further com prising an escoder (28) connected to
said colum acknow - edge signal lines and row

acknow edgej gi a t ress
of, the cel Il§1§;}§ge#g?§t%lrfrgyaﬁg5£gﬁ%ﬂu%@gfﬂqaeqd %ﬁl

PEHE1RI1 30 $REO tb%ﬁr)rgf ciR§ &P shid cPa e ﬁsclwvwl-
etigewlségerh $anes ramwd am«na\dkedgeetiigéesimﬂl smrdascd:dﬁm

ceaqculia%sdgﬁg eﬁaroef ?‘%Gﬂeeﬁ ' BFSoSRLIN ]

g}nas Fom N oW o1 col Uith,
LB ECBLIBRY . CiI@) 1@F The phot oarray of any of the

pr ecedl ng tiaiTme Wemragl de@E§Q|5f Sﬂhrwailalms 10 oz
r I‘ItmOteItJtelt
lgal% H{ ?%bé % e phg oa?rlgflso?n ny? #1 e o2
@ééégﬁgllwa. e \iHeiesiwreddhegebsr{ i) g corprdlse L roh
adlf cestist hreshoh dtl'C@_tle(‘rtoW o&Tgoiuﬁqﬁl)rél@é&%lvél@g. if a
vol t age ovey, sall,he st ca %)éd%g xceeds a
first, upper thresl%’I \?5Ir 3 ‘8\ o2 St §TEEri s
Cé@FLmSpwheSEglna$aJ(¢]\$)enSfory§sgan¢I as spropart inreshadcd a
19ehestan 6F12ne ﬂéﬁt Q%te%g1E§CE£n9 1§ & vpltage over

said first p ow a secon | ower
t hr eshol d ng‘?ug[%aen &ﬁé‘%ﬁwn% n%e%%ﬁ&‘eolﬁrﬁlﬁedéPgnal
c@@m)s wheyesn each cell comprises

a first threshold detector (T9 - T1l) detect-
ing if a voltage over said first capacitor (Cl) exceeds a
first, upper threshold value and generating a first out-
put signal (ON) if yes and

a second threshold detector (T12 - T14) de-
tecting if a voltage over said first capacitor (Cl) falls
below a second, lower threshold value and generating a

second output signal (OFF) if yes.



