4 DEC 2006 WO 03/103364 PCT/1L03/00414 FOCAL PLANE PROCESSOR FOR
DETECTION 5 FIELD OF THE | NVENTI ON The present invention rel ates gErQEQ 2{06
to IR focavopBaesssarray detectors. Mre specifically, theppressmbii4
invention is in the field of detector pixel signal readout and processing.
10 BACKGROUND OF THE | NVENTI ON Phot oni ¢ detector devices respond to

recei ved photons by creating an electric effect which can be quantified
and hence provide information as regards the flux of the received photons.
Focal plane arrays (FPAs) of detectors are used to obtain imges of

obj ects, whereby each detector provides a pixel in 1s the image array. In
the i mage, each pixel is provided with a unique address and a nuneric

val ue, which can further be used for manipulating the imge for extracting
information fromthe inmage. Thermal Infra red (IR) FPAs are used for

obtaining images in the thernmal |R | of an imagi ng
array inthe IRIs EQ%LMEt%O%SﬁtFQQ?Rﬁg%Wse equi val ent
tenperature (NET) and spatial noise, of the anal og chain: the focal plane
processor (FPP), the external analog circuitry 4 DEC 2006 WD 03/103364

PCT/1103/00414 2 and the analog to digital conversion. An external
I nterference, such as RF

5 FIELD OF THE INVENTION

The present invention relates generally to IR focal plane array
detectors. More specifically, the present invention is in the field of detector pixel

signal readout and processing.

10 BACKGROUND OF THE INVENTION

Photonic detector devices respond to received photons by creating an
electric effect which can be quantified and hence provide information as
regards the flux of the received photons. Focal plane arrays (FPASs) of detectors
are used to obtain images of objects, whereby each detector provides a pixel in

15 the image array. In the image, each pixel is provided with a unique address and
é numeric value, which can further be used for manipulating the image for

extracﬁng information from the image.

Thermal Infra red (IR) FPAs are used for obtaining images in the
thermal IR range. The resolution of an imaging array in the IR is limited by two
20 factors, namely noise equivalent temperature (NET) and spatial noise, of the

analog chain: the focal plane processor (FPP), the external analog circuitry



Interference or signals induced by the digital system may al so degr
performance. The tenporal noise of the FPP can be reduced by Care?ﬁﬁEﬁ]EOOS
design to wemaegssgi ble relative to the signal noise, provedrmgslooyys NET
values. 5 Yet, to overcone the spatial noise, an external process of non
uniformty correction (NUC) nust be garried out. A "two point correction”
process is generally used, assum ng the analog chain to be |linear and

havi ng st abd éhe cirfadey tardigitali conversion.i Anl extenal intedfefrnng. ish ah&Falidity

of these assunptions, and the spatial resolution becones a nain

restricti daterferefidd ng signalbéndiyteanby theadigitabhsgsieanmay algo fdegrauethe
calibrations. The FPP is kept at a. steady tenperature, e.g. at about 77K

whil e t hepgxb@hdite. CTHE YshipbralSn6XBOSEthe FPPVdHH beNRASREU! By \Garéfal | ons,
degrading the gain and offset stability. Also, the FPPis relatively

shi el ded g?%\gﬁﬁ{) é)%xrflcﬁj@fd e IrBbd % ngggﬁhgﬁi?g{frd%ﬁing 6w NEEE Galliekh the

ext er nal er 1o reach s tenperature 1s and keep it
steady, the, sensor is di,sposed within a coole has
electric gSBn@cf’Y%WQW%?TeZISIp@ al ok e\ﬂafg’&r "gn&?ﬁv%é? %ﬁ@@}‘(ﬁ‘ﬁm@g
electrical connection with external circyits. Heat produgtion is.a matter

of high i ap@estionc ENUR) (mushbei g pipd "tWe, Palifh ceirechian” Rrogass &Ryol i ng

system being very low, the amount of power 20 consumed by the circuits of
the FPP agemerglly iusedmassusnling the analeg ehainstanpei linparated hayingpsiabie
resol ution, and output rates are factors which affect heat production. The
use of coofisstersing ayaéh.caiei rfirial oresuithedepéndiaupory the vafidipwelr thessunpt i on
is favoured in the design of cooled FPPs. A trade - off between inaging
par amet er gsdifmBiGiTRIMNMRE sPaflidl TeboREsR becdmer hanaim gestriction, limiting
10 the dynamic range and requiring frequent calibrations. The FPP is kept at a
steady temperature, e.g. at about 77°K while the external circuitry is exposed
to wide temperature variations, degrading the gain and offset stability. Also,
the FPP is relatively shielded against external interference, which is not the
case with the external elements. In order to reach such a low temperature
15 and keep it steady, the sensor is disposed within a cooled dewar. The dewar
has electric connections installed in the walls, in order tb facilitate electrical
connection with external circuits.
Heat production is a matter of high importance in the design of FPPs.
The efficiency of the cooling system being very low, the amount of power
20 consumed by the circuits of the FPP at any time must also be limited.
Sampling rates, sampling resolution, and output rates are factors which affect
heat production. The use of components and combinations thereof having a
- low power consumption is favoured in the design of cooled FPPs. A trade —

off between imaging parameters is a compromise ofien imposed for obtaining

25 desirable image parameters. Accordingly, image frame rate at the expense of



25 desirable i mage paraneters. Accordingly, imge frane rate at the EPO
of 4 DEC 2006 WO 03/103364 PCT/1L03/00414 3 inmage resolution or ﬁ@ﬁf 06
size are kwowas103364 he art. Continuous attenpts are nade bPCYALI3mMOSI4SYStem
designers to overcone the limtations described, striving to attain a high
franme rate and a high resolution, wtf§ a reasonable power dissipation. 5

The value of the electric effect associated wth each detector of the FPA

i s conver ineae resolutio e imwgef sizerare kivewn irethe: ad.a Casdinggys alteawts areli gi t al

| mage processing. However, there are a nunmber of critical reasons favouring

conver si ormade dhygvaddud eystem alesigneestd vetcoyre dhedimsititivine désaribedsi gnal
correspondi ng to each pixel. US 5, 886, 659 discloses an on - focal plane

anal og i ogfiirdi @ ARAINCATHIGH $iafil AdtB! il Nigh rBedketibhswith dawadunable anal og
- to -digital © conversion in the focal plane are discussed in that
publicatiggwe}ggs apLgnts of  which are incorporated herewi th by reference.
| nt egrated converters have used several types of conversion schenes.

Si ngl e-sl ope analog to digital conversion is a well - established
technigue. For The ashrpbiiheUsleblritddfab asdociatesswith machrdgtedor of e t al
conversion in the focal plane utilizing a single slope conversion cycle.

The Dual - phapR e6Metcd o diitadgemita! before Gt canche amljcttatbitd idigital R Van
De Plassche, cited below). Yet, both techniques require quite |ong

conversi op 44 ngd ' idal Te8SSHLTVoIBN@! an
"SR i R0 LRARR O S e L 9
conversion to digital format at an early stage as possible of the signal
corresponding to each pixel. US 5,886,659 discloses an on - focal plane analog
10 to digital conversion application. Benefits of having the analog — to —digital

conversion in the focal plane are discussed in that publication, the contents of

which are incorporated herewith by reference.

Integrated converters have used several types of conversion schemes.
Single-slope analog to digital conversion is a well - established technique. For

15 example, US 5,742,058 discloses an analog to digital conversion in the focal
plane utilizing a single slope conversion cycle. The Dual-slope conversion
provides better accuracyl and stability (R. Van De Plassche, cited below). Yet,

both techniques require quite long conversion times, being based on
counters: the full - scale time of an n-bit singlé-slope converter is 2" * Tc,

20 where Tc is the clock cyclé time. The dual slope requires up to twice that time.
The dual-ramp single-slope method, described by R. Van De Plassche in:
INTEGRATED ANALOG TO DIGITAL AND DIGITAL TO ANALOG

CONVERTERS, Kiuwer Academic Press, pp. 274 — 289, 1994, the contents



20 where Tc is the clock cycle time. The dual slope requires up to t§iBEC 2006
that tinme. The dual -ranp single-slope nethod, described by R Van De

Pl assche in: | NTEGRATED ANALOG TO DI A TAL AND DI G TAL TO ANALOG
CONVERTERS, Kl uwer Academ c.Press, pp. 274 - 289, 1994, the contents 4 DEC
2006 4 of which are Incorporated herein by reference, pronm ses both high
resol ution and reduced conversion tine. Kkt is on the background hitherto
descri bed, that the present invention was conceived. The Invention

descri bed bel ow pobwihials are binsorpofated | esreina by neefédeacs,apromies Shathnhighng
digitally at the FPP | evel, w thout conprom sing the resolution of each

pi xel . BRI EF ré¥di@RinRndGbdadediddnvelsdiited Fig. | is schenmatic description of

the main structural features of an IR sensor systemin which the invention
is inmplemented; 10 Fig. &wi S flo é%i{gt descr) g'ifaQS?ﬁsgChe tical_&%/ t he
process of the inveht§¥ht ‘W@ngﬁh c‘qu&'fﬁd' p dRvenHon was
converting the charge of a pixel; Fig.. 3B is a charge DAC optionally used
in the systefPRfeNade Theinven WW@%@'WW&%WWWM@@@%m ly
used in tge ;@tﬁm %@@%é&%{giﬁoni 15 Fig. 3D Is art]!;)t her charge DAC
optional | § uSa@RINQ t avel. withputh compromising then pseltien of ieagh
conversion; Fig. 4A is an inplenentation of a pixel charge converting
circuit of tpiel

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is schematic descriplion of the main structural features of an IR
sensor system in which the invention is implemented;
10 Fig. 2 is a flow chart describing schematically the process of the invention;
Fig. 3A is a cireuit of the invention for converting the charge of a pixel;
Fig. 3B is a charge DAC optionally used in the system of the invention;.
Fig. 3C Is another charge DAC optionally used in the system of the
invention;
15 Fig. 3D is another charge DAC opfionally used in the system of the
invention, enabling multi slep conversion;
Fig. 4A is an implementation of a pixel charge converting circult of the
invention adapted for an array of pixels; |
'Fig'. 4B is a Qraph describing the main wave-shape forms In the cirouit of
20 Fig. 4Ain the course of one conversion cycle; |
Fig. 5 Is a charge converting circuit with an integrator added;
Fig. 6A is a description of detailed circuitry of the invention, wherein an
integrator 1s added and the current sources are implemented by a dual ramp
generator and a capacitor; ' | '



i nvention adapted for an array of pixels; Fig. 48 is a graph descri bién§E€n2006
mai n wave-shape forns In the circuit of 20 Fig. 4A In the course of one
-conversion cycle: Fig. 5 1s a charge converting circuit with an Integrator
added; Fig. 6A is a description of detailed circuitry of the invention,
wherein an integrator |s added and the current sources are inplenented by

a dual ranp generator and a capacitor; A 4 DEC 2006 s Fig. 6B ls a
description of the main wave - shape forns"in the circuit of Fig, 6A

i npl emented in the c f v ' . le; Fig. 7. .S sghe iC
description of the i%ﬁ%?@% ﬁ%@@%ﬁﬁ@“&§{@%ﬁﬂﬂgﬁéw§ééﬁﬁg?ﬁﬁ“ﬁﬂpdg%dﬁﬁﬂﬁgits
of the inmagi ngesy i coordance with the present 5 invention;, 4 DEC
2006 WD 03/ 10@6%%TMMWP&PM&M%| ON OF THE PRESENT

| NVENTI ON A system of_,the. invention js jnplepented in association with an
integrated circuit dg\iﬂ'rc}e‘,s %st;@wcmg& Be dyjercopnasfions-gdstingrbatween

di sposed wthin a cool ed dewar, as described schematically in Fig. | to
whi ch ref er encB®sMRIR cRPoRENS ok they dgrginglisystem; rinsaccostance with dvapresent n an

| R sensor is shown, in
invention; '



whi ch the FPP 14 of the invention is functional. Metal plate 16 is '

cold finger 18. The FPP is thermally connected while eloect rically 2%€&eﬂb06
i sol at ed, wDtobviesstel plate 16 through ceram c plate and sparms/o2d4 To
ceram c plate and spacers 20, which is electrically insulating, are
connected wire bonds 22. FPP chip 14 go supports detector array chip 24

t hrough i ndi um bunps 26, whereby for each detector in the detector array

chip 24 there exi t ' pi xel in the
Fpp chip 14, PondirAEED PERGRPHIGH QR THE PRESENT IRVENTIOND 7 |
connecting pins 28. Wre bonds 22 connect pads (not shown) of FPP 14 to
the appropriate goryseh g HBenBwehion g implepierddd dheagsadintion witle ds ceramic
pl ate 20. The connecCting pins provide electrical contact to external

circuits ot GRARKRYC! of f08al AUABIIrGELSkEr TR TREFFRReRbbsad |y in

Fig. 2 to rch reference is no I'n step 40, photon flux is captured
espect i viRpe BpB sty eBoiBd FaRaRcaly R Fld” 1 0 Rnh BRAERR" 100
00l e o AL 7
50 0 g1 t whichuh P Aot doe uietion i AMcRS: MIetRldinter i Foadimeaae or o | he
[ rrialge. gl4 DEC 2006 7 FPP pi xel charge digital conversion The charge
accunmul at fyerMg. MheFRRlis therindly CBRnedted ehilerslexttically isslated, with metal
plate 16 through ceramic plate and spacers 20. To ceramic plate and spacers
20, which is electrically insulating, are connected wire bonds 22. FPP chip 14
10  supports detector array chip 24 through indium bumps 26, whereby for each
| detector in the detectpr array chip 24 there exists one bump connecting to the
respective pixel in the FPP chip 14. Penetrating through the envelope of the
dewar 26 are connecting pins 28. Wire bonds 22 connect pads (not shown) of
FPP 14 to the appropriate connecting pins, having intermediate pads on the
15 ceramic plate 20. The connecting pins provide electrical contact to external
circuits 30.
The process of the invention is summarized schematically in Fig. 2 to
which reference is now made. In siep 40, photon flux is captured on a detector
pixel, causing a corresponding build — up of charge in the respective FPP pixel
20 in step 42. In step 44 the charge in the FPP pixel is quantified digitally. In step
46 the resulis of the quantification are processed and in step 48 the processed
data is trénsmitted to a programmable logic outside of the dewar for further

processing. In step 50, digitai numbers are calculated and pixels are remapped

to restore the image.



according to the present invention converted to a digital formby a giQE®Qi2006
nodi fied fromVan De Plassche, cited above. The original circuit, known as
a dual ramp s single slope converter, sanples the input voltage and then
converts it into a digital nunmber. The nodified circuit of the present
invention is a charge converter circuit, wherein the conversion is carried
out directly on the pixel capacitor and 7 no charge - to - voltage

conversion and sanplin are perforned The function of the circuit of the

invention is descr iF WOHBA Peri pheral block io 52
cont ai ns a conpar at or 66 a charge out put digital-to-anal og converter (DAC

62 and of controlTher cBageTa@tmqhtedpiorheopixﬂeiﬂ tivee FRP Wif olbe Bgentionl isne 68,
whi ch connects between the output port of the DAC 62 and conparat or 66.

Qox, the chaocgudingtathe poesent inventionsconwverted td a digitaldoma by acditonit nv@dified osi ng
switch 200 connects capacitor 70 to line 68 form ng a charge ADC. DAC 62

produces a ifeomhangde Hlasghescited gieiver Thy orifinal viaduite kndwinaisch dusl rampt r ol | ed
digitally by the controller 64. The digital control value (in bits) which

el i m nat &s Q@inglé astopedomaires séimb@%@‘mﬁmﬁ&llﬁﬂe GdotenUdonvests iiito a

conversion output. No sanpling of the input arge is required as the

charge is eldigital alieBer Thadhodiiécitdift of tePhresamamidrion idA chbre Mérter

conversi on, another pixel capacitor 221 is connected to the sane

peripheral kiiRGK WharelOha Gmvarsiinely cafidd ﬂ%&hgwm@%a%gﬁa&wm I on

can be inplenented in several vvays Two exenplary i npl'enentation of such a

(r:rggregel rtl)Alc::i gfoe%r%?gé:%)k%el%np rrent at | on used 1 nba r&@bﬁf?gﬁm \%i%%p?%cﬁll ﬁg}[/vl on
o " e HEAF RS R IELeTRI T, flonk PPk Bl 1 11
10 52 contains a comparator 66, a charge output digitai-to-analog converier (DAC)
62 and of controlier 64. The input port of peripheral block 52 is line 68, which
connecté between the oulput port of the DAC 62 and comparator 66, ka, the
charge to be converted, is stored in pixel capacitor 70. Ciosing switch 200
connects capacitor 70 to line 68 forming a charge ADC. DAC 62 produces a
15 charge of opposite polarity, the value of which is controlled digitally by the
controlier 64. The digital control value (in bits) which eliminates Qpx {as indicated
by the comparator 66 output) is the conversion output. No samp!ing of the input
charge is required as the charge Is eliminated direcity on the pixel capacitor. On
the next conversion, another pixel capacitor 221 is connected to the same
20 peripheral block 52, forming a "new* ADC.
The charge DAC of the invention can be implemented in several ways. Two
exemplary implementatidns of such a charge DAC are described in Figs. 3B and
3C to which reference is now made. In Fig. 3B a DAC implementation used in a
successive approximation mode (wherein the capacitance ratios are 2:1) is

25 described, in which the charge for elimination of the Qpx is provided by a set of



4 DEC 2006 x capacitors 72 containing capacitors G- Cr,, injectingldhag2806
doses. It is also possible to use only the smallest capacitor, swtching

it many times and counting the nunber of sw tching necessary to elimnate
the converted charge. The DAC of Fig. 3Cis applicable in a charge
conversion schene. The charge 5 supplied by the current source 74 is

determ ned by the duration of its conngction to the DAC OUT port 68. The
current source 74 is disconnected when the pixel capacitor charge is

cancel | ed. capacitdes F2i msng-rmmmcm-onn,qﬁjm ehale doses. TERS HIsd
digitally, producing the conversion quantitatively. In a preferred

enbodi ent pofsiblectoiusis iy e sridNest capatitir] SWitsHing R ey U i sdtitnged

using io several (typically twd) current sources as Shown in Fig. 3D. The

required clis BOfbersfswalthb HRBedbarPtY dIFINAE RS onvER@HERaRELT CurTent

sources for a given time, produci’ng charge packets accordi ngly. Source 76

o ot 1 canT PRSI 505, RARSUH U5 CHpE YorBEMAT il O ot
f;?é?Li#SR%@“}Q@@%&%‘%@ ?@isi%ﬁ%?@n;%fxﬁﬁeeﬁﬁ@ﬁahﬁ% Beong o |
sl ope ADC', e uant i figation cle ich, i enents t teps. In
rot SR QRS i 68, TRt Baue 4 Bitiscohvesipg Wi e el
Eigtee:”?lted ‘%ﬂ in(a ste_congjl!s eg LS él ast_significant) part of the
nuneric vERRACHEE c?@rsedﬁaﬁﬂgeeffegv T Suveiaiof Hieaconnechon of seproentt,ds i t al

val ues of the 20 neasured quan_tité@mjst be conbined to forma conplete
di gi tal woRgasyed, digitally, prodicing nie copvarsign. quantitatively. In a preferred

embodiment of the invention, the total time of conversion is shortened using
10 several (typically two) current sources as shown in Fig. 3D. The required charges

are obfained by swilching-on a sequence of current sources for a given time,

producing charge packets accordingly. Source 76 is tumed on first. Each

consecutive current source tumed on has a significantly reduced magnitude

(typical ratios may be 16 or 32). The conversion is done accordingly in several
15 steps, refining the resolution per step, as will be described later.

The “dual ramp single slope ADC" employs a quantification cycle which
implements two steps. In the first step MS (most significant) part of the numeric
value is determined, and in a second step, LS (least significant) part of the numeric
velue of the charge is determined. The two parts of the digital values of the

20 measured quantity must be combined to form a complete digital word, as will be
expiained later on.
Figs. 4A - B demonstrate an embodiment of the invention, implementing a two-
step conversion: Fig. 4A shows the block diagram of the circuit, and Fig. 48
shows the main wave-forms during the conversion cycle. AL ime t; switches S3

25 94 and 4 98 are closed, connecting the pixel capacitor 100 and the current



Figs. 4A - B denpbnstrate an enbodi nent of the invention, inplenentinyg BEC 2008
two- step conversion: Fig. 4A shows the bl ock diagramof the circuit, and
Fig. 4B shows the main wave-fornms during the conversion cycle. At tinme tl
switches S3 25 94 and S4 98 are cl osed, connecting the pixel capacitor 100
and the current ANOM 4 DEC 2006 9 source 110 to the input 68 of conparator
92. Switch 94 remains closed throughouf the conversion up to tine t7,

while switch 98 opens when the pixel <charge is elimnated, as indicated by

t he conpar asgircesii@ dor the inpup B8 of ceparsiondz. aBwitch 4 yamwinsniciosedt o t he
next clock pulse, switch 98 is opened at t3 s instead of t2 and the voltage
at the i nputhrogghout thé conesrsion aipi tocine t1, Iwhiecawittha88 cpeng abenibe npixel
proportional to At=t3-tz. This overshoot will be elimnated in the next
step: at tickargs isvelimihatsd,1ds indicatéd by dhe compacaion BSihte titeoutnit ofdhece 114,
t he magni tude of which is nuch smaller (e.g. 32 tines) and the polarity is

opposi t e t ocsmpasorlitsypchronizéy to the nekb.tibek iphlse| kwitnBedsaipdnedtatile, W th
the final 10 residual error of the conversion. The period between tr to t4

i's the dyr ajnseiadodf & Aad thé %@ﬁ%%ﬂ&%&@?&ﬁ&;& ngétﬁiglsﬁw paLidifar ¢ N

maxi mal pixel charge. The peri'od between t5 to t duration of the
SES0R", o' PRy bt o e i Kby B WY 6
POV 000, e B B B 2O SRR oI kg B g9,
B;? 2} mt EZ dlvtﬁé &%%ﬁrmdé‘ io'f %rhti Cis %u% igr%a eri &hgta 85 tlInQees)téAr?d %’?eu r;])tc?arftys is
opposite to source 110 polarity. The charge is eliminated at time tg, with the final
10 residual error of the conversion. The period between t, to 4 is the duration of the
first step, which enables the conversion of the maximal pixel charge. The period
between {5 to t; is the duration of the second step for a maximal At=ts-t,. The
clock Is connected by switch S5 116 to the counter during two perieds. First, from
ts to t3 for providing the "MSB count”, and subsequently from ¢ to t for providing
15 the "LSB count”. The final count is achieve by subiracting the LSB counts from
the MSB ones, while the relative weight of the two counts is determined
according to the current ratio between the two current sources 110 and 114.
However, in practice, the pixels are arranged in the dense framework of a
matrix of rows and columns which inay be long such that cerfain implications are
20 ine\(itabie' trying to adapt a solitary pixel AD conversion application to a pixel
arvay application, such as a column of the armay. Accordingly, the following two
| concerns must be dealt with. The long column lines add mutual parasitic

capacitances, the values of which may reach one order of magnitude larger then

the pixel capacitor Cpx. Consequently, during the conversion, a cross-talk exists



according to the current ratio between the two current sources 110 ahdDE£42006
However, in practice, the pixels are arranged in the dense framework of a
matri x of rows and colums which nay be | ong such that certain inplications
are 20 inevitable trying to adapt a solitary pixel AD conversion

application to a pixel array application, such as a columm of the array.
Accordingly, the follow ng two concerns ifust be dealt with. The | ong

colum lines add nutual parasitic capacitances, the values of which may

reach one or destwedn rgipcentcaluinariiges dubdo voliage frarsientsajpopsiting thepfunction
Consequently, during the conversion, a cross-talk exists AMDMSW 4 DEC

2006 10 bet wafdhe sfitdcent col umm |ines due to voltage transients, inpairing
the function of the matrix. In accordance with one enbodi ment of the

present invention,lnaaccorddres aiith' onehenibadithent! ofVithe hpiredeat Vihvédritioh, airound,
| s added as a first stage of the 5 conparator of the charge ADC circuit.

Thi s ar chi t edhtegeator, 2hé iHpat BEWRRNS a0RG# Gibuid) & abdePasairsiosage Rf @ em as
the columm One In this configuration beconmes connected to a virtual

ground. Such congsraiod Usfa tHeP thiafyed RN | iRMit! 'Thid GrehifechfalMidtire’ RBREERSE | S

now made. Integrator 120, is disposed between the conparator 122 and the

coum 11 g3 5 e FERARTRSSELEh s Sty W it

capacitor 126, whereas the charge injected

o osz1 kO oted WA VFRT SRR S0 ANl R i
§ to which reference is now made. Integrator 120, is disposed between the
comparator 122 and the column line 124, The charge to be converted is stored in
10 the pixel capacitor 126, whereas the charge injected from DAC 128 into the

colurnn line 124, eliminates this charge as described above.
The two current sources 110 and 114 of Fig. 4A to which reference is lagain
made, can be produced by a dual voltage ramp generator, driving a capacitor as
will be described next. A configuration, combining the above mentioned
15  integrator and the dulal ramp generator driving & capacitor is described in Fig.
- 6A and 6B to _which reference is now made. In Fig. 6A is shown an AD
Conversion circuit in accordance with a preferred embodiment of the invention,
the function of which is explained with reference to the conversion cycle and
switching sequences described in Fig. 68. In Fig. 6A Integrator 190, is disposed
20 between the comparator 192 and the column line 68. The two above mentioned
- current sources are implemented by ramp generator 194 and capacitor C1 196.
Al time ty the quiescent output voltage of integrator 190, is forced by ciosing
momentarily switch S1 198 to Vpch, {pre - charge voltage), which is also the

reference voltage for comparator 192. Closing switches 53 200, S4 202 and S5



made, can be produced by a dual voltage ranp generator, driving a ca{oaﬂﬁ@cﬂﬂﬂﬁ
as wll be described next. A configuration, conbining the above nentioned
is integrator and the dulal ranmp generator driving a capacitor is described
in Fig. 6A and 6B to which reference is now made. In Fig. 6A |Is shown an

AD Conversion circuit in accordance with a preferred enbodi nent of the
invention, the function of which Is expld#ined with reference to the
conversion cycle and sw tching sequences described in Fig. 68. In Fig. 6A

| nt egrat or 19@P4iat tidiesty othec:opQersizrvefthe ichargeafrrapinely acdififulated infeapaditarmm

line 68. The two above nentioned current sources are inplenented by ranp
gener at or 194 Gpxil 206 inkatrﬁiﬁ@&tquoMgﬁeoﬂ:ﬂmbmgﬂﬁ@%Wﬁr&!‘tﬂt%

vol tage of integrator is forced by dosing nonentarily switch 81 198

to Vpch, (pre 0 ef.e I for
conpar at or 193%@‘9%‘?%&8% ?gﬁ)eg’\é% :%g%thﬁt %hﬁ'ggit gﬁléimgSE gIs\’/ﬂlé\B/V[?$4Hé’g[a)Eb %86 hh

capaci tor - cpfP™BRRORREY EiAedioRls Voie® (RiFa0Y ofvil) 88) and M BRI OLT |
LS??LF%&"E?%&E*"@@#E?ﬁﬁﬁf%aa%#feé orks, il 3 B&Péeig”ﬁf‘wts B HPE g
'l cgrat oroulHYSEER 206 desen; hym oLl it stidh Z; covilan 208w (1

swi tch 202. Oount er 208 W@? reset earlier, starts counting the dock
pul ses. ReachWﬁﬁ pagier, gtarts count Fulses, Ragehing Vesh @b imedeiheat or .

The perlodt2- satw0|nd|cat|on of t he
ntegrator activates the comparator, The period t; ~ ty is a true indication of the

signal to be measured. Yet, the output of the comparator is synchronized to the
16 next clock, and only then, at t3 it opens switch 202 and samples the counter
reading (switch 206 remains closed until time t4 in order to serve other ADCs). As
a result, the output of the integrator continues to rise for a period At (see Fig.
6B), so that the counter reading provides only the MS count, and a value,
proportional to At should be subtracted with higher resolution. Thié is done by
15 writing the count (considered fo be the MS bits) to latches, resetting counter 208
and closing again switch 206 and switch 202 at time {5, which connects a second
ramp {ramp 210 in Fig. 6B), the slope of which is pbsitive and slower. The output
of the integrator goes down and reaches Vpch at time fs, disabling the
comparator, 'Fhe. period between t4 fo Y4 is the duration of the first ramp, which
26 enables the conversion of the maximal pixel charge. The period between ts to ty
is the .duraﬁon of the second ramp for a maximal At. Switch 87 160 must be
closed whenever there is no ramp, in order to provide the initial conditions for
capacitor C1 196, The counter reading is sampled at time {5, providing the LS
count to be sublracted (with the proper weight ) from the digital number



signal to be measured. Yet, the output of the conparator is synchronf ZHC 12806
the i o next dock, and only then, at t3 it opens swtch 202 and sanples the
counter reading (switch 206 remai ns dosed until tinme t4 in order to serve
other ADCs). As a result, the output of the integrator continues to rise
for a period At (see Fig. 6B), so that the counter reading provides only
the M5 count, and a value, proportional2to At should be subtracted with

hi gher resolution. This is done by 15 witing the count (considered to be

t he M5 bit syepresented by dhe me&éﬁs&h&mﬁobeﬁmﬁﬂemm@ ajagsofdhet ch 206
and swtch 202 at tine t5, which connects a second ranp (ranp 210 in Fig.
6B), the sl slopesiof the wio rampsalsterminesthe nsimbee and Welghtof hStbitsoThé kalue

i nt egrator goes down and reaches Vpch at time t6, disabling the

conpar at or . of Atispeorhindliiblesedien dne tlock fires Yet dn gradtite oduecfo ddigyd inrthe ranp,
whi ch 20 enabl es the conversion of the maxi mal pixel charge. The period
between t 6 tomparatdrsarid thedswitihirg) iomighl festCcad Highod® sdme clodkBticha® | thét .
Switch S7 160 nust be dosed whenever there is no ranp, in order to provide

the inithal acteahimBasof Which Gepeads alsoGbohdfe clitk hey. CERSghentys
sanpled at tinme t6, providing the LS count to be su trg%ted (withytshe

proper wei itie perfddCand the MlirSbdradf douAlRPSta tgsent ed
by the former Ms bits. The ratio between™ he abso i%glezva uggjr%ﬁpﬁﬁéﬁ sl opes
of the two paimsesi@icth iy.he nunber and weight of LS bits. The value of

At is nomnally less then e dock tine. Yet, in practice, due to delays in
the conparator and the swtching, It mght reach as high as sone cl ock
times, the

The combination of the common linear voltage ramps (204 and 210 in Fig.

10 6B) driving simultaneously the capacitors 196 (in Fig. 6A) in the peripheral

blocks of all columns, enables applying low level DC current sources of

approximately the same amplitude to all the ADCs. Thus the use of cument

mirrors, which are not accurate enough (especially in the nano-ampere levels), is

avoided. The ramp generator 194 (in Fig. 6A) is basically an integrator, fed at

15 each step of the conversicn cycle by a constant cument source of appropriate
amplifude and polarity.

In order to decrease the readout time of a large matrix, two or more
peripheral blocks can be implemented per column, provided that the number of
column lines is increased accordingly, wherein each column line connects part of

N 20  the pixels of the column to a different peripheral block. All the peripheral blocks
- operate simultaneously, thus the charges of the pixels in two or more rows of the
- matrix are converted at a time.
| In order to further decrease the conversion time without loosing resolution,
the "dual ramp single siope AD Convertion® concept can be further extended into

25 a mutﬁ ramp AD Convertion, where additional conversion steps, having



s actual nunber of which depends al so upon the dock frequency. 4 DEC 2006
Consequently, the period and the nunber of counter stages assigned to the .
second ranp is to be increased accordingly. The conbi nation of the common

| i near voltage ranps (204 and lid in Fig. to 6B) driving sinmultaneously

the capacitors 196 (in Fig. 6A) in the peripheral blocks of all colums,
enabl es applying low |l evel DC current d#urces of approximately the sane
anplitude to all the ADCs. Thus the use of current mrrors, which are not
accur at e enmugbsgivalyalecaddsed iweights, arn emplgyede Thisvmlay)be desirabkoindése The
ranp generator 194 (in Fig. 6A) is basically an Integrator, fed at is each

step of thecasercfarsi kigh casvilitionyconverberst ant current source of appropriate
anplitude and polarity. In order to decrease the readout tinme of a |arge

matrix, two or nore peripheral blocks can be inplenented per colum,
provi ded that the nunmber of <columm lines is increased accordingly, wherein

each colum I|ine connects rt of 20 the pixels of the coglum to a
di fferent peri phe%MWBﬂggAwiquﬁﬁ?ﬂﬁgﬁ? mg‘“ﬁ'ﬂepat e
si mul t aneously, thus the charges of the pixels in two or nore rows of the

matrix a e THYWRPIGP thePpredent iPontibh I9a8INICabIe tb IR iMagerd At gederal. tY, Banver sion
time without | oosing resolution, the "dual ranp single slope AD

Comveet on. SREPEMp agraafiods i Saded G wHeld 1FDodt SUSREHEEORE: 2006
13 focal plane should be removed by cooling to a low and stable temperature.
Therefore, architectural and functional considerations of the make-up of the
integrated circuit have been made in order to decrease the power dissipation in
10 the FPP integrated circuit. In accordance with one aspect of the invention, a
programmable logic device, external to the dewar in which the integrated circuit
of the sensor is disposed, performs several tasks. The first one relates to the
digital functions of the AD Conversions which are partially performed outside of
the dewar. These functions belng performed in the uncooled environment, serve
15 fo decrease the amount of components and heat dissipation in the FPP,
therefore potenfially improving the overall performance of the imager. As
explained above, the digital value of each pixel Is obtained in a MS part and an
LS part, The two parts, after initial processing in the FPP, are finally combined to
form one digital word in the external programmable logic device. The second
20 task relates fo the remapping of the pixels. The data transmission from the FPP
1o the programmabile logic is optimized to minimize focal plane power dissipation.
| Consequently, the bits of a digital word fransmitted from the dewar included a
mixture of data from two pixels. Such mixed data is remapped in the external

_Ibgic device, to restore the image.



successi vel y decreased wei ghts, are enployed. This nmay be desirabl e énDEBe?(is
case of very high resolution converters. Programmable |ogic applicati.ons in.
the present Invention s The FPP of the present Invention |Is applicable to

IR imagers in general. Yet, it is especially advantageous in cool ed

| magers, where the heat dissipated In the focal plane should be renoved by
cooling to a low and stable tenperatures Therefore, architectural and
functional considerations of the make-up of the integrated circuit have

been nade in or dbe exterdaigpregramntdite Ryicdevicaalsd atidoNeitility antl ptimtRs
integrated circuit. In accordance wth one aspect of the Invention, a

progr ammabltie togversit \Gy6le, WhskeistBé okderidi Suedssionidh thiWardbuk RBniérspar at ed

circuit of the sensor is disposed, perforns several tasks. The first one

rel ates tostd iglingied, athe’ UDRkLANSE GAcH BRp R CBAGIRA! SREmAlN.CnGY eear tial Iy

performed outside of the dewar. These functions being performed I'n the

led ey i d
uncool ed_CRIIAGMbactP 8ol ds sbt b8 %ﬁ%ﬁfﬁ%&%ﬁﬁ“ﬁ{%@mmﬁﬁ%ﬁ%@ an

heat dissipation in the P, theref y 1nproving e over al
e " T3 b SR o Ko e sk e il Aetiog’ ="
word i n | naPeess ek Msouied Y, i Bendkt P Ranich i FBHBREWI . 7 o
br ogr amab RotRe A0 L7y THE FRtecky SPAn A, 270 ARToes S Kol Bleoe “mpatiepar i on.
&t ur o248 sk xSl e Lmhe REul Board W S PRSI R he
external L)ggrld? pfia%\éii Cc?dsettg f ee %tegfgzre pitnrs].e u;iorxr*:a\%ﬁfch the programmable logic such
10 as FPGA (field pmgrémmahle gate array) 276, a clock generator 278 and power
supply regulation circuits 280 are mounted. In the focal plane module 272, the
detector component 282 and the FPP 284 are included. The interconnecﬁons
between the proximity board 274 and the focal plane module 272 are divided into
four groups: regulated FPP power suppties bus, slow communications link, FPP
15 clock and timing link and the raw data bus.
Through the conventional comparatively slow communication bus, various
operation parameters of the FPP, which are not directly involved in the timing of
the analog-to-digital conversion steps, are controlled, Thess inciude, inter alia,
“integrate«thenwead"’ (ITR) or "integréte«white—fead" {(IWR) modes of operation,
20 working points, readout window size and location, ete. One parameter should be |
mentioned here, namely the resolution of the analog-to-digital conversion. The
duration of a conversion cycle depends also on the resolution, increasing with
the resolution. Some bits of the slow communication stream control the
| resolution, through the ratic between the slopes of the ramps 204 and 210 (in
] 25 Fig. 6B), enabling a trade-off between the resolution and the frame-rate.



NOW 4 DEC 2006 14 The external programmabl e |ogic device al so adds 4 DEC 2006
flexibility and optim zes the conversion cycle. Wereas the order of
succession of the various conversion steps |Is fixed, the duration of each
step is controlled externally. Thus, the duration of each step is set as
required by the actual performance sequence, s avoiding the need to reserve

| engthy Intervals of tinme for confidengg margi ns. The data transfer
associated with this aspect of the invention is described with reference

to Fig. 7. The detstédinkasafiEtb\the FOP thediotitaigrial bAG e BRanioRfdlion 272

and an external proximty board 274. The proximty board is a printed

circuit bogrle d&hﬁ&@i&n@té{ﬁseni&tlbﬁéd EAIEF. 119 IS fast BRahnel iLétrddNE oP SREH ammabl e

I2(7)g| gnzuggvé; :;&gzn?ﬁfleéié%géi%e gate arrlay){bt276 ap(;;)a;' g;(r:lglr at or
_;I)_Ihgn:an{rgtrjgl %72 t he %etecto;{p;;m&egi‘?gmm% %&1254 ﬁérejng: ;ggd
g})g\lljvl §0272 are Bhw ﬁsﬁw our "groups: ree%t e?@P@ vjé'%:]supp fgzt gus,
bus. Th%g%\&gﬁ%ﬁﬁ'g‘%@%ﬁ?tgﬁgs %% qﬁé@%’s#‘?ﬁm% %@% vari ous
L Y SR P i
(1WR) nodes 8f%afﬁ"5n %%ﬁﬁ?i Hﬁ Sft? %R)Lﬂnd\m ﬁﬂaapé ZEWQTFd

| ocati on, e&rggmmmﬁgga%r’rgég&ces_houl d be
10 A different aspect of the imaging array which relates to the extemal

programmable logic, is its exploitation as a user interface. Thus, in some

embodiments of the invention, the programmable logic device can be used also

as an Inferface to the external system 290 in Fig. 7, simplifying the users’

interaction with the FPP. While the FPP of the invention operates with the

15 optimal clock and timing for the conversion, the user can approach the buffered

~output on the programmable logic implementing specific communications

protocol and clock. The clock of the user system is independent of the clock of

- the detector assembly, and does not have to be synchronized with it. The dialog
between the two systems can then be established by an handshaking

20 Empiemenﬁéd on the programmable logic device.

As described so far, the sysiem of the invention.is most beneficial in

cooled FPPs, typically implemented in thermal IR imaging. it is nevertheless

contended that the same system can be used in any FPP systems, for other

imaging purposes, such as vislble, near infra - red and X —ray. In such systems,




menti oned here, nanmely the resolution of the anal og-to-digital conveé 41662006
The duration of a conversion cycle depends also on the resol ution,
increasing with the resolution. Sone bits of the slow conmunication stream
control the resolution, through the rat?é bet ween the sl opes of the ranps

204 and 210 g, 643 nabl ing a trade-oft between the resol ution
and the fr an&aggﬁégipgm Mﬁﬁﬂﬁy %8%55 cal. byt the benefits oh the eyste ¢ he
FPP t he clocéwgiﬁpaL and the timng Information of the conversion steps,
menti oned ea gt s £ ast channel, a stream of short pulses |Is sent
on a wire fromthe external progranmmable logic to the FPP, where each
pulse is recognized in the FPP as the start or end of a specific step. 5
Programm ng the intervals between the pul ses, the optimal conversion
duration |Is determ ned. The raw data bus caries the partially processed
data produced by the ADCs, fromthe FPP to be finally processed and
remapped in the programmable |ogic device. 10 A different aspect of the

i maging array which relates to the external progranmable logic, is Its
exploitation as a user interface. Thus, in sone enbodinents of the

i nvention, the programmabl e | ogic device can be used also as an interface
to the external system?290 In Fig. 7, sinplifying the users' - interaction
with the FPP. While the FPP of the invention operates with the is opti nal
clock and timng for the conversion, the user can approach the buffered
out put on the programmabl e | ogic inplenenting specific comunications



protocol and clock. The clock of the user systemis independent of t heDEC 2006
clock of the detector assenbly, and does not have to be synchronized with
it. The dialog between the two systens can then be established by an
handshaki ng 20 inpl enmented on the programmabl e | ogic device. As descri bed
so far, the systemof the invention is nost beneficial in cooled FPPs,
typically inplenented in thermal IR Ihaging. It is nevertheless contended
that the sanme system can be used in any FPP systens, for other inaging

pur poses, such a uwa&bl e, near infra - red and X - ray. In such systens, 4
DEC 2006 16 heat dissipation in the FPP nmay be less critical, but the
benefits of the system are still evident. 4 DEC 2006 17 CLAIMS 1. A
focal pl ahe ar Rafocabplamenamay coniainingl rows \andscalemps af| pixglefor IR | magi ng,
wherein pi xel readout and analog to digital conversion Is performed in an
| nt egr at ed ci r émaging,nwhemsin/ pixef resdoit andagnalag fe digiah goneersion| ieast one
capaci tor per pixel, accunulating the charge of a detector elenent. at

i gi tal controlTerr aherern Sara controilor controN e & A g tal "to analag.
chargesconverter fafjefdiQnetbdpicidt per pixel, accumulating the charge of a
detector element, | ‘
« at least one peripheral block comprising a comparator for
onfoff switching a digital controller, wherein said controller
controls a digital fo analog charge converter for providing an
10 appropriate amount of charge to cancel out the charge of one
pixel at a time by said at least one petipheral block.
» switching elements for connecting said pixel capacitors to

appropriate said peripheral blocks

15 2. A focal plane array for IR imaging as in claim 1 comprising a cycle
generator, for controiling a charge oufput of a digital to analog

converter to cancel out said charge of said pixel.

‘3. A focal plane array for IR imaging as in claim 2 wherein said cycle
20 ~generator is a ramp generator connected through a capacitor to the
~ input port of at least one of said peripheral blocks and to a column

line.



10 appropriate anount of charge to cancel out the charge of one pixélBBE 2006
time by said at | east one peripheral block. swtching elenents for
connecting said pixel capacitors to appropriate said peripheral blocks 1s

2. A focal plane array for IR Inmaging as in claiml conprising a cycle
generator, for controlling a charge output of a digital to anal og

converter to cancel out said charge of 18aid pixel. 3. A focal plane array

for IRImaging as in claim2 wherein said cycle 20 generator is a ranp

gener at or donnedh éetal plasegarray forgRdimaging: as frheiairh Bowheneby saidframp | east one
of said peripheral blocks and to a colum |ine. AMDW4 DEC 2006 is 4. A

focal pl ane ar r sgeneratod Produees atdesst ohe linkariremp. wherein said ranp generator
produces at |east one linear ranp. 5. A focal plane array for IR inaging as
in claiml wherein said 5 conparator includes an integrator as an | nput

stage. 6. A focal plane array for IRinmaging as in claim1l and wherein said

focal plang, array fbgalcoahe darrdyo fof- IR igilg B e cialim & WitsreinRshiagi ng as in
claiml1l wherein a plurality of said peripheral blocks are grouped in

groups, and wherghipapdtbr Mtludes BR irtBgiatotlasindRp sigge2noi Ng to one group
operate sinultaneously.
6. A focal plane amray for IR imaging as in claim 1 and wherein said

focal plane array is cooled.

10 7. A focal plane array for IR imaging as in claim 1 wherein a plurality of
said peripheral blocks are grouped in groups, and wherein all said

peripheral blocks belonging to one gwhp operate simultaneously,

8. A focal plane array for IR imaging as in claim 7 and wherein each of
15 sald groups conlains at lsast two of sald peripheral blocks per each

column.

9. A focal plane array for IR imaging as in claim 7 and wherein one multi
ramp generator serves at least one group of said peripheral blocks.

20

10. A focal plane array for IR imaging as in claim 7 and wherein one
counter serves at least one group of said peripheral biocks.
11. An IR imaging system as in claim 1 and wherein an external
- programmable logic device connected via a communication channet
25 - participates at least in the control of said peripheral biocks.



& A focal plane array for IRimaging as in claim7 and wherein each &fDEG=2006
said groups contains at |east two of said peripheral blocks per each
colum. 9. A focal plane array for IR Imging as in claim7 and wherein one
multi ranp generator serves at |east one group of said peripheral bl ocks.
20 10. A focal plane array for IRimging as in claim?7 and wherein one
counter serves at |east one group of s¥#id peripheral blocks. 11. An IR

i magi ng systemas in claiml and wherein an external programmable |ogic
devi ce connected via a conmuni cation channel 25 participates at least in
the control of said peripheral blocks. 4 DEC 2006 19 12. An IR inagi ng
system as12n clApniR2i isystem daserineclaim 1Hr vheramesaid edemeb al so
contains a buffer, for providing an interface between the readout stream
and the tinm ng pagwamnable dedce salsonmontinat ko buffer, ofowc ptayidifg aaruser. 13, A
met hod for digitally quantifying IR radiation inpinging on a focal plane
array, wher ein intesfach betyeeancthe mehdais dtreamesrehthei tinsihg iparameters armheousl y
readout and analog to digital converted, enploying at 10 | east one said
peri phesal bl octorfimunicaiinsqrbiocvisef aamer] array, and wherein a digital to

anal og charge converter is controlled by a conparator to supply a charge
I n an appropriate quantity to cancel '

13. A method for digitally quantifying IR radiation impinging on a focal
| plane array, wherein the charge accumulated in each pixel is
simultaneously readout and analog fo digital converted, employing at
10 least one sald peripheral block for each dolumn of said aray, and
wherein a digital to analog charge converier is controlled by a
comparator {o supply a charge in an appropriate quantity to cancel

out said charge of said pixel.

15 14, A method for digitally quantifying IR radiation impinging on a focal
plane array as in claim 13 and wherein a cycle generated contains at

“least one ramp.

20 15. A method for digitally quantifying IR radiation impinging on a focal
‘plane array as in claim 13 wherein an analog to digital conversion of
the charge in every pixel is done on the focal plane in two
: quantiﬂcaﬁpn steps, a first step providing the most significant bits and_
| a second step the least significant bits of said quantification

25




out said charge of said pixel. 15 14. A nethod for digitally quantifilhgC12808
radi ation inpinging on a focal plane array as In claim13 and wherein a
cycle generated contains at |east one ranp. 20 15. A nethod for digitally
gquantifying IR radiation inpinging on a focal plane array as in claim 13
wherein an analog to digital conversion of the charge In every pixel is
done on the focal plane in two quantiftcation steps, a first step

provi ding the nost significant bits and a second step the |east

si gni fi caif. bi t & rethodias inchaimi 15 whareima dbalvamp GurBrator pEGRAGG62 20 16. A
method as In claim 15 wherein a dual ranp generator generates a dual step
charge cancel | atuairstep charge qanzeliatiohaf gaid pixelvectdirgs providing a sioghi f i cant
count in a first step and a |least significant count in a second step. 5
17. A net hod f ogigdifigaritatdunt duanfirst yiteg drid taldnet signhificanti eintdnan a focal

pl ane array as in claim15 and wherein the conbi nation of the nost
significant bitgecmd stdpe | east significant bits Into one digital nunber Is
done partially externally, outside of said focal plane array. 10

5
17, A method for digitally quantifying IR radiation impinging on a focal
plane array as in claim 15 and wherein the combination of the most
significant bits and the least significant bits into one digital number is
done partially externally, outside of said focal plane array.
10
18. A method for digitally quantifying IR radiation impinging on a focal
plane array as in claim 16, and wherein a tradeoff between the
resolution of said quantification and the frame rate is enabled by
programming said dual ramp conversion cycle.
15
19. A method for digitally quantifying IR radiation impinging on a focal
plane array as in claim 13, and wherein the pixels of said aray are
grouped in rows, such that quantification is performed simultaneously
for all members of said group, each group af a time, allocating at one

20 conversion ime one said peripheral block to each member of a group.

20, A method for digitally quantifying IR radiation impinging on a focal
~ plane array as in claim 19, and wherein for said sach group of
pixels, one common ramp generator produces at least one linear

25 - voltage ramp whereby in each said peripheral block a low level DC



18. A nmethod for digitally quantifying IR radiation inpinging on a fcf'c;DIEc 2006
plane array as In claim16, and wherein a tradeoff between the resolution
of said quantification and the frane rate is enabled by programmng said
dual - ranp conversion cycle. i5 19. A nethod far digitally quantifying IR
radi.ation inpinging on a focal plane array as in claim 13, and wherein the
pi xel s of said array areumentolsnméated byosdd ramp irvingta capadiiof iconkéctsd ite
performed sinmultaneously for all nenbers of said group, each group at a
time, allocating at oneggd isliuidfithe gikelCodagidrabi MtRICEAd dérpRbrel O
each nmenber of a group. 20. A nethod tor digitally qguantifying |

radi ati on i npingi ng on d‘&.cal plane array as in claim19, and wherein for
said each group of pixels, one conmon ranp generator produces at |east one
| i near 25 voltage ranp whereby in each said peripheral block a |low level DC
| i# RW 4 DEC 2006 21 current is created by said ranp driving a capacitor

connected to theunctipon e pi.xel capacit and. i nput, of said,
peripheral bl 3ck.é‘t$ 21‘&)5‘%?41?% ‘%‘éﬁﬂﬂﬂ?%'ml?‘élﬁﬂﬁwym@w e an
5?‘3;32" ng on a focal B@'ggg?ra‘g‘,;é%%a&%g; Y0 aid Whdrein 2ach OF 868 drots Softain '

two rows of sald array.



