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P CT/11.,031004:1.4 The present invention relates generally to IR focal
pl ane array detectors. More specifically, the present invention is in the

field of detector pixel signal readout and processi ng., W&JND OF
THE | NVEK@P#3Hot oni ¢ det ector devices respond to redai V& PAGt ons 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 objects, whereby
each detector provides a pixel inis the image array. In the inmge, each

pi xel is provided with a unique address and a nuneric value, which can
further be used for manipulating the image for extracting information from
the image. Thermal Infra red (IR) FPAs are used for obtaining inages in the
thermal IR range. The resolution of an inmaging array inthe IRis limted
by two 20 factors, nanely noise equival ent tenperature (NET) and spati al
noi se, of the angQmAKCPLANE PROCESSORFQORIRDEBHECGTEIN (FPP), the external
analog circuitry WO 03/ 103364 PCT/H. 03/00414 2 and the analog to digita
conversion. An external interference, 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 fiux of the received photons. Focal plane arrays (FPAs) 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
| a numeric value, which can further be used for manipulating the image for

extracting 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



| nterference or signals induced by the digital system may al so degrade the
performance. The tenporal noise of the FPP can be reduced by careful

de|5| gn to :)(et ne?I i gible rel a’:]i ve to the signal noise, providing | ow NET
values. s Yet, to overcome the spatial noise, an external process of non
uni f or mi 0 %W ction (NUC) nust be carried out. A "t\/\BCE@'r%ﬁm‘gﬁrrection"
process is generally used, assumng the analog chain to be linear and
having stable offset and gain. Thesfinal results depend upon the validity
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syst em heimegtiver(NUGWnusheacaried ait. foliwo poiDt correghen BPCER® 1%ircuits of

the FPP at any tine nust also be limted. Sanpling rates, sanpling
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assumptions, and the spatial resolution becomes a main restriction, 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 iemperature

15 and keep it steady, the sensor is disposed within a cooled dewar. The dewar

has electric connections installed in the walls, in order to facilitate electrical
connection with external circulits.

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 often 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
y : : expense
of WD 03/103364 3 PCT/1L03/00414 image resolution or inmage size are kgomn
gnethe ar:h C?nt!nuoys atéenpts are nmde by various system designers to

ver come e limtations described, striving to attain hi frame rate
and a hi ¥i? P¥deBfUtion, with a reasonable power d|55|paf$Hﬂ”%@M*ﬁe Val ue of
the electric effect associated with each detector of the FPA is
converted into a digital format, b&ore it can be Subjected to digital
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Integrated converters have used several types of conversion schenes. .

Si ngi e- glowser dissipation. to digital conversion is a well - established
techni que. For 15 exanple, US 5,742,058 discloses an analog to digital

conversion in a I ' ]
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n-bit single- slope o verte 2
image processing. However, "therd 4re a number of critical reasons favouring
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 accuracy and stability (R. Van De Plassche, cited below). Yet,

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

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

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



20 where Tc 1is the clock cycle tine. The dual slope requires up to twce
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, éhg{r(}%}%ntgnts WO
03/ 10336 PENPIFH3/ 00414 4 of which are incorporated REFEW*reference,
prom ses both high resolution and reduced conversion tine. It is on the

background hitherto described, that4the present invention was conceived.

The inventiaon described bel ow prayi basi gFar ERdtiot he rate of
sanpl i ngor}d?’@P'P are chqurﬁgedﬂg%eﬁe@a%g%n? ﬁbﬁ@"@%%%%ﬁ@?ﬁgéfﬂg“mﬁ esol ution
of each pixel. BRI EF DESCR].PTION OF THE DRAWNGS Fig. 1 is schematic

descri pt iB9A rBAUGSHCAHWPISIAN Pt ural features of an IR sensor systemin
which the invention is inplenented; 10 Fig. 2 is a flow chart describing

schemati cal |y the 4 PeassckgfounBehithey elRstibed, fhat. thd présend inentomt i c
description of the pixel charge converting circuit of the invention; Fig.

3Bis a e:i_}é Rl BB RAtdcRBribed BEIBRT stoviees W basiafor idGeasihgdi ment  of
the i nve‘& | %ﬁﬁc [ (f:]af F@%ll s anot her charge DAC i npl enentation in accordance
wth san the rate of sampling digitally at the FPP level, without compromising the

resolution of each pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is schematic description 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 schematic description of the pixel charge converting circuit
of the invention;
Fig. 3B is a charge DAC implementation in accordance with an
15 embodiment of the invention;

Fig. 3C is another charge DAC implementation in accordance with an

embodiment of the invention;

Fig. 4 is an implementation of a pixel charge converting circuit of the
invention adapted for an array of pixels;
20 Fig. 5A is a detailed implementation of the circuit described in Fig. 4;

Fig. 5B is a description of the main wave - shape forms in the circuit

of Fig. 5A, implemented in the course of one conversion cycle;



enbodi ment of the invention; Fig. 4 is an inplenentation of a pixel charge
converting circuit of the invention adapted for an array of pixels; 20
Fig. BAis a detailed inplenmentation of the circuit described in Fig. 4;
Fig. 5B is a description of the main wave - shape fornms_jn th ircuit of
Fig. 5A MOf38Hehted in the course of one conversion cy%#%@uﬁﬁpﬁ%/103364
PCT/IL 03/00414 5 Fig. 6_is a schematic description of the

i nterconnections existing between&he nmain conponents of the imaging

t [ d [ ith th I AELL:] 1 PC
" 11lba100a14F st Beb tpekiie-GRoirr o R B tRbR ST < cm o
"1 111031004147 BETA BED TESER P PRESENT TN stem ¢
devi co. - hetsealthe rap croneas, o doppyong avep. M BlhorMEMMER 20 ) o

dewar, as described schematically in Fig. 1 to which reference 5 is now
made. A presaritinvgéntien. cross section elevation in an IR sensor is shown, in
which the FPP 14 of the invention is functional. Metal plate 16 is adjacent
cold finger 18. The FPP is thermally connected while electrically
isolated, with nmetal plate 16 through ceram c plate and spacers 20. To
cerami c plate and spacers 20, which is electrically insulating, are
.connected wire bonds 22. FPP chip 14




to supports detector array chip 24 through indium bunps 26, whereby for
each detector in the detector array chip 24 there exists one bunp
connecting to the respective pixel in the FPP chip 14. Penetrating through

the envel ope of the dewar 26 are connecting pins 28. W 22 connect
pads (no?V ﬁ%mﬁ¥4of FPP 14 to the appropriate connectyggﬁﬁﬁﬁggﬁﬁaving

I nternmedi ate pads on the is ceramc_plate 20. The connecting pins provide
electrical contact to external cir&uits 30. The process of the invention

i's summari zed schematically in Fig. 2 to which reference is now nade. In
step 40, phot onDETALEDR DESGRIPTIONORTHERRESENTINYENTION, si ng a
corresponding build - up of charge in the respective FPP pixel 20 in step

42. 1nstep 44 ke chargen oL BSiETR Bhhohbatrabidddtindbh @l v, 0 step

46 the results o are processe In step 48 the
processed data is transmtjed to a pro ranﬁ?e ' | f the dewar
for furtineoraied skadkdemce, I%}oé’?le‘ﬂa%? e &nﬁllg%g#@? i’é@%hgﬁ?cﬁ;t ed and

pi xel s are remapped to restore the image., \NQ.03/103364 PCT/| 103/00414
FPP pi xeﬂiﬂdmar@@?&ﬂ dewall a&dw'értbﬁdo‘wh?ﬁ@%eﬂyr'g%ac%i‘hw‘ﬁ'&ﬁ"e’& §HN%%he pixel in

the FPP of the invention is according to the present invention converted
to a i ghaiv rhadenAdlongitedinalidress section elevation inah Wasenser 3 (ROWhdY ¢t ed
above. The original circuit, known as a dual ranp single slope converter,
conver t SyhigiR e FRPtURO6F thetiovention ¢s fumictionatbidetal piete 16deipdiacenti et of t he
circuit to a charge converter circuit, and the function
finger 18. The FPP is thermally connected while electrically isolated, 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 detector 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 conneciing 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 schematicaily in Fig. 2 to
which reference is now made. In step 40, photon flux is captured on a detector
pixel, causing a corresponding build — up of charge in the respective FPP pixel
20 in stép 42. In step 44 the charge in the FPP pixel is quantified digitalty. In step
46 the results of the quantification are processed and in step 48 the processed
data is transmitted to a programmable logic outside of the dewar for further

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

to restore the image.



t hereof are described in reference to Fig. 3A. The charge ADC 52 is
conposed of conparator 66, charge output digital - to - analog converter zo
(DAC) 62 and of controller 64. The input port of ADC 52 is line 67, which

connects_between the output port of the DAC 62 and conp 6 Qx, the
charge t¥ W8 Yfterted, is stored in pixel capacitor 60&%’%%§4produces a

charge of opposite polarity, the value of which is controlled digitally by
the controller 64. The digital control value (in bits) which elininates
Qx (as 15 indicated by the conparator 66 output) is the conversion output.
Two exenplary inplenentations of a charge. DAC of the invention are

described in FLQs. .3 nd 3C Lo, whic erence is now nade. In Fig. 3B a
DAC i npl enent a'lfllg%l?"fgcﬁé&? it Pﬂ"\’/&r}l‘qﬁ{the charge for elinination of the
Qx is provided by a set of several capacitor uch,as. capacitor 68, used
in a 20 succd$si chargpFAcsMuated N fhaLxe!t N eaﬁ%':s’@ o iﬁ'f’%'%fcg' se only the
smal | est capacitor, switching it many tinmes and counti Q’? t he nunber of
swi t chi rapcornding:4e dhg presenti inventicn camverise ﬁe@%ﬂaﬁ’@@. R Bt 3¢ the
required charges are achieved by sw tching-on the rel evant current
sour ges,medified fonc¥ab e Plassche, gited mboveeThe padiiel silpuithkpUn Badet s
accordingly. 25 \%) 03/1.03364 PCT/1L03/00,114 8 However, in practice,
the pi xedual parAp inghngiepe iconvéreerf camensrikpuifvatiagaintsa dgitalewsnkeid col umms
whi ch may be | ong such that certain inplications are inevitable trying to
adapt a Rl foaificaiibief tHD6iraPto 8 ehamge tonverter xirtuigraralythe function
thereof are described in reference to Fig. 3A. The charge ADC 52 is
composed of comparator 66, charge output digital — to - analog converier
10 (DAC) 62 and of controller 64. The input port of ADC 52 is line 67, which
connects between the output port of the DAC 62 and comparator 86. Qpx, the
charge to be converted, is stored in pixel capacitor 80. DAC 62 produces a
charge of opposite pofarity, the value of which is controlied digitally by the
coniroller 64. The digital control value (iri bits) which eliminates Qpx (as
15 indicated by the comparator 66 output) is the conversion oufput. Two
exemplary implementations of a charge DAC of the invention are described in
Figs. 3B and 3C to which reference is now made. In Fig. 3B a DAC
implementation is described in which the charge for elimination of the Qpx '_is
provided by a set of several capacitors such as capacitor 68, used in a
20 successive approximation mode. It is also possible to use only the smallest
capacitor, switching it many times and counting the number of switching
necessary to eliminate the converted charge. In Fig. 3C, the required charges
are achieved by switching-on the relevant cutrent sources, e.g. source 69, for

a given time, producing charge packets accordingly.

25



appli.cation, such as a colum of the array. Accordingly, the follow ng two
5 concerns must be dealt with. First, the long colum line adds a parasitic
capaci t ance, t he val ue of which is about one order of nmgnitude |arger

Cel ,
then the_pixel capacitor Cpx. Second, during the convergj oss-tal k
exi sts bg’h\%g‘ﬂ”ﬁgj acent colum lines, inpairing the fun?:(lt:?g“r?sg?ﬁ{ he matri x.

In accordance with the present invention, an integrator, the intput of 1o
which is a virtual ground, is added®as a first stage of the conparator of

o e iR
SRR AL 2
e il o HRy - Shlian i bilite BN
useof  capaibAlat S48 AR ROLEN 98 10G T IAFCPIING: fEg IBWMELFY cat | ons. i n
which accurate reference to the absolute tenperature of a 20 pixel is nbt
r equis edcoriatisemush ben dealt ith. nireip e dang 6ﬁ|ym%§"%c€iqﬂ5a€yp%f"g‘fiﬁe
di fferences among the different pixels is the matter of rel evance. Accurate
var i abi | ¢dpaciamss, rGulethic vaide of whichs isoabaidrorigeoksien 96 mpagnitygetIAger dual  ranp
singl e sl ope ADC' used in some enbodi ments of the present invention. The
"dual r aRnShROpIRES LAPL:IBPC pe nPbeyrRl, aiuingnthie! comtersionc pctiosadtalish
exists between adjacent column lines, impairing the function of the matrix.
in accordance with the present invention, an integrator, the intput of
10 which is a virtual ground, is added as a first stage of the comparator of the
charge ADC circuit. This architectural feature helps to overcome the above
mentioned problems as the column line in this configuration becomes
connected to a virtual ground. Such a configuration is described in Fig. 4 to
which reference is nhow made. Integrator 70, is disposed between the
15 comparator 72 and the column line 74, The charge to be converted is stored
in the integrator’s capacitor 76, whereas the charge injected from DAC 78 into
the virtual ground, eliminates this charge as described above.
The use of an FPA of the invention is typically in IR imaging
applications, in which accurate reference to the absolute temperature of a
20  pixe! is not required. Rather, in an IR imaging application, the accuracy of the
differences among the different pixels is the matter of relevance. Accurate
variability measurement and conversion can be supported by the “dual ramp
single slope ADC” used in some embodiments of the present invention.

The “dual ramp single slope ADC” employs a quantification cycle which

25 implements two steps. In the first step MS (most significant) part of the



| mpl enents two steps. In the first step M5 (nost significant art of the
WO 03/103364 PCULLONOO414 9 nurneric value is determ ned,)alrcl)d in a

second step, LS (least significant) part of the nuneric value of the charge

is determ ned. The two parts of the digital values of red
quant i t y WRI&Y103¥ conbi ned to form a conpl ete digital w%?@f.%g@ﬁ‘\}/i\fl | be

explained later on. In the framework of a pixel array, the readout and

quantification are perforned in t he9cont ext of columms and rows as has
been di scussed apove,

: nd.will be further, explaé 1t B ceto
Figs. ARG ulerfsﬁeg‘?mﬁ'l?‘%*sa@h‘Bﬁwsé‘??%ﬂtﬁe@i £% JRpet LAREERERCE s T
preferred enbodi nent of the inventjon, the function | J.s explain
with ref eqféh@é’UET‘@”PH’@l%ﬂ@@?ﬁ@@%?ﬁ%emﬂegm%w%Bgé%é\ﬂgﬁz%éﬁ%es(I?ri begdi n
F 10 5 At time to, the quiescent output vol_tag{e of integrator. .?(] is forced
by cl osvalgesofthe measyresiuagtitygnustibe goppid pfpen a '6% é)g'lfl' age), which
is also the reference voltage for conparator 92. C osing momentarily
swi t ch S@orfQ4asawilt beeexplainetidatehangdnd edramewprk ot aupiielaeidy.i Hecapaci t or
Cpxl 96, is is transferred to integrator 90, |owering the output voltage

accor g ngdatouChng iquantifiositionrarEpetidrmed tin the context cloealuans apdriowit source is
established by the conbination of a linear ranp voltage (ranp 148 of Fig.

513), t hgs AR iscthsed Aborsdardailvbe further gixplainkcwith neferencegoat or .
Switch S5 102 closes simultaneously with switch S4 98. Counter 104, which

has beengfasaia a6l 4E in £y 3pelsl Shevaiahi ADC! Skt incdecordaree with ke the
I nt egrator®output goes uplinearly.
preferred embodiment of the invention, the function of which is explained with
reference to the conversion cycle and switching sequences described in Fig.
10 5B
At time t,, the quiescent output voltage of integrator 90, is forced by
closing momentarily switch S1 91 to Vpch, (pre - charge voltage), which is
also the reference voltage for comparator 92, Glosing momentarily switch S3
94 at time t., the charge of a pixel, accumulated in capacitor Cpxl 96, is
15 transferred to integrator 90, lowering the output voltage accordingly. Closing
switch S4 98 at time t,, a constant current source is established by the
combination of a linear ramp voltage (ramp 148 of Fig. 6B), the capacitor C1
100 and the virtual ground of the integrator. Switch S5 102 closes
simultaneously with switch S4 98. Counter 104, which has been reset earlier,
20 starts counting the clock pulses while the integrator output goes up linearly.
Reaching Vpch at time t; the integrator activates the comparator. The period
t; — t» is a true indication of the signal to be measured. Yet, the output of the

comparator is synchronized to the next clock, and only then it opens switch 98

and samples the counter reading (switch 85 102 remains closed until 14 in



Reaching Vpch at tinme t3 the integrator activates the conparator. The
period is a true indication of the signal to be neasured. Yet, the output
of the conparator is synchronized to the next clock, and only then it opens
switch 98 and sanples the counter reading (switch S5 102 re 5 cl osed
until t 4MOP3ARI368/ 103364 10 PCT/ 1L03/ 00414 order to seF%“é’?ﬁ%‘ﬂ ADCs) . As
a result, the output of the integrator continues to rise for a period At
(in Fig. 5B), so that the counter rﬁ&ding provides only the Ms count, and

a val ue, proportion oul & sub [

This i s @E8E WW%Q&quﬁﬁ%éﬁ)o% Fesf fqﬁawgglagé%% mHé§§O| liz)IZOQ-nd
swwtch S4 98 at tinme t5, which connets asecond ra In 5113),

the sl opdo disevirn  werigd dédin Fige SBAS e cqwéte{)[ﬁ g é'fo"ﬁ%é ¥ egr at or
goes down and reaches Vpch at tine t6, di sabl ing the conparator. The

count er theadSrguits andrpvaide giroportienaldo A@rsbwfdubegsutttf?@te_@%nmhef o be

~subtracted (with the proper weight) fromthe digital nunber io represented
by the frREpREtioNSTHE s dofddyratétting ebueten 104 andbslosing egainl avdtehod t he sl opes
of the two ranps determ nes the nunber and weight of LS bits. The val ue of

AL s, ”Ofﬁi‘aéﬂd%\nhfcﬁssti 98@& 8AR &) Whikh iconPectyatsecond pampt(rarap 180dnt o del ays
I n the conparator and the svmtchl ng, it mght reach as high as sone clock

tOomegE%J §Iﬁ5 Hes %&@&*y@%%%e e, ontor stages assi gned (ot he

'Fhe ou put Io??lrie nﬁegra Cé)c;eds' &%X -and reaches Vpch at time ts,

disabling the comparator. The counter reading is sampled at time 1, providing

the LS count to be subtracted (with the proper weight} from the digital number

10 represented by the former MS bits. The ratio between the absolute values of

the slopes of the two ramps determines the number and weight of LS bits.

The value of At is nominally less then one clock time. Yet, in practice, due to

delays in the comparator and the switching, it might reach as high as some

clock times, the actual number of which depends also upon the clock

i5 frequency. Consequently, the period and the number of counter stages
assigned to the second ramp is to be increased accordingly.

Being used in IR imagers, an offset thus created is compensated for in
the non — uniformity correction (N-UC) procedure, provided it has a constant
value. An advantage associated with the ADC implementation in accordance

20 with the present invention, resuits from the comparator being activated at a
constant input level by a signal of a constant slope, independent of the
converted signal amplitude. Also, the focal plane is cooled io a very stable
temperature. Therefore, the delays and the resulting offset are very stable.
Ancther advantage obtained by using the invented ADC in focal plane arrays

25 is the connection of the column line to a virtual ground. The column lines are



Being used in IR imagers, an offset thus created is conpensated for in the
non - uniformty correction (NUC) procedure, provided it has a constant

val ue. An advantage associated with the ADC inplenentation in accordance 20
with the present invention, results fromthe conparator

_ | tivated at
a const XYW | evel by a signal of a constant sl ope?gi}ﬂ]‘(}%@%ﬁent of the
converted signal anplitude. Al so, the focal plane is cooled to a very

st abl et Llenperit ure. Thgrefore, t hettlel ays and the resulting offset are
very stable. not her advant age obt ai.ned b i_n ' Syl DC in focal
_gl)_lhane ?r'\O&?F?'E’S Haé]{qlver%ﬁwgc 8n3'8f"f'f’ﬂ'gt 8%?@?39 g?é]ajeiﬁittabﬂ% Vi T EQI ground.

e colum lines are WD 03/103364 11 PC {'/|L03, 100414 |0 aral l el
resul ti ngeighberss ilyHING @&rﬁer'@édﬁIt'fa}ﬁ’ﬁﬂétfé’gé’bfaf%@%mtl)@?m to ﬂgq 5@830&. Duri ng
the period of transfer of charge fromthe pixel to trqe A*BC . the col umm
line pot thet ¢elimnsineepplential isytemposartly reifpg. eolyrieviEeverls PROMYi nal  val ue
by the end of that period. Therefore, finally no charge injection occurs s
bet ween waljiabyrthe eviduofithiat pesod. THeereions i Fnally a10 ehavemiigclioheasuréol t age ranp

(148 or 150 iin Fig. 5B) driving the capacitor 100 (in Fig. 5A) into the

virtual paeed sefadehe colunindirest or, enabl es applying | ow | evel DC current
sources of approximately the sane anplitude to all the ADCs. Thus the use

of current M{EOESMbIELIBR RcBnintorh GhedCusitageeraemp (48 cesisOcinaFige in t he
nano-anpere levels), is avoided. The ranp generator 106 (in Fig. 5A) is
basi cal lng"zirfvPltgeﬂ{eatcaf)aci{o‘?%@d (RPREy.SBARP ifo the virtual ground of the
integrator, enables applying low level DC current sources of approximately the
same amplitude to all the ADCs. Thus the use of current mirrors, which are
10 not accurate enough (especially in the nano-ampere levels), is avoided. The
ramp generator 106 (in Fig. S§A) is basically an integrator, fed at each step of
the conversion cycle by a constant current source of appropriate amplitude
and polarity.
in order to further decrease the conversion time without loosing
15 resolution, the “dual ramp single slope ADC" concept can be further extended
into a multi ramp ADC, where additional conversion steps, having

successively decreased weights, are employed. This may be desirable in the

case of very high resolution converters.

20

Programmable logic applications in the present invention

The FPP of the present invention is applicable to IR imagers in general. Yet,

it is especially advantageous in cooled imagers, where the heat dissipated in



the conversion cycle by a constant current source of appropriate anplitude
and polarity. order to further decrease the conversion tinme wtho
15trezogut!on, the "dual ranp single slope ADC' concept can be further
ext ende into a nulti ranp ADC, where additional conversion

successi W 43/1§B¢€4 eased wei ghts, are enployed. This may B@”ﬁ@@@&ﬁg

case of very high resolution converters.
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20 Programmabl e | ogi ¢ applications

in the present invention The FPP of12he present invention is applicable to
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The first one relates {o the digital functions of the ADCs which are partially
performed outside of the dewar. These functions being performed in the
uncooled environment, serve to decrease the amount of components and
heat dissipation in the FPP, therefore potentially 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 task relates to the remapping of the
pixels. The data transmission from the FPP to the programmable logic is
optimized to minimize focal plane power dissipation. Consequentiy, the bits of
a digital word transmitted from the dewar include a mixture of data from two
pixels. Such mixed data is remapped in the external logic device, to restore
the image.

The external programmable [ogic device also adds flexibility and
optimizes the conversion cycle. Whereas 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, avoiding the need to reserve lengthy intervals of time

for confidence margins. The data transfer associated with this aspect of the

| |19éd dirat gfahé @ensor ishiisgeRBd, padoreisevepalttasks.al | y



perfarmance of the inmager. As explained above, the digital value of each
pixel is obtained in a M5 part and an LS part. The two parts, after
initial processing in the FPP, are finally conbined to formone digital

word in the external programmble |ogic device. The se relates t
_ ( : o]
t he rerra&ﬁ”‘t’zw ‘_‘the is pixels. The data transm ssion f?gfn&foh@%ip to the
programebl e logic is optimzed to mninmze focal plane power dissipation.
Consequently, the bits of a di glta13word transmtted fromthe dewar

i nclude a m.xture, of . BT el &. ' [ i
(he s PR o e g, TRty rogpr e I
programabl e | ogic device al so ds Lol | it b g he
gonver si (WP“&‘%R% fc_' ]?Yaé‘égnf’ﬂ@eo e n%%ﬁié}j%gi%l | 8%”%? b’%ﬁ‘eﬂ T’/‘gﬁ%‘%s

onversion steps is fixed, the duratjon of each step . t ed
ext er nal prgximityrheard isha Pﬂﬂ‘thQ’@H'tg’Pafé;acPll?c?fi&Eosf%togé? %ggvsalr @%@r P@Ja’k by the
act ual pe_rformance sequence, avoi di Eg t he need to reg rve | engt hy
i nt er val which thé progtamfmable lngis saicas B4y tield progremma Er%%?faé?a?’ ssoci at ed
with this aspect of the WD 03/103364 PC f H 03/004 t 4 13 invention is

descrj beglzeyi 4 rlock generatort $7&iand powshsugplyemgsiatioaseirlity 180 ar¢ ncl udes a
focal plane nodule 172 and an external proximty board 174. The proximty

mf’”d | SpiduRIddN IrPheGbEA AN ARYdlle P72 ke detanser compdnendd@aiandithe, upon
17|6Chat Ee pr oglram‘.rabl e logic such as .FPGA (field pr _ogra_lm_‘rabl e gate array) 5
’ EBBK g6 il ed: AhAmtbrESMRIctiSH® BEdvdet Ok rotmityiboard 134180 are
and the focal plane module 172 are divided into four groups: regulated FPP
power supplies bus, slow communications link, FPP clock and timing link and
10 the raw data bus. |
Through the conventional comparatively siow 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, These
include, inter alia, “integrate-then-read” (ITR) or “integrate-while-read” (IWR)
15 modes of operation, working points, readout window size and location, etc.
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, e.g. a 13bit or a 15bit resolution,
20 enabling a trade-off between the resolution and the frame-rate.
A faster fink carries io the FPP the clock signal and the timing
information of the conversion steps, mentioned earlier. In this fast channel, a
stream of short pulses is sent on a wire from the external programmable logic

to the FPP, where each pulse is recognized in the FPP as the start or end of

25 a specific step. Programming the intervals between the pulses, the optimal



mount.ed. In the focal plane nodule 172, the detector conponent 182 and the
FPP 184 are included. The interconnections between the proximty board 174
and the focal plane nodule 172 are divided into four groups: regul ated FPP

power supplies bus, slow conmunications |ink, FPP cl OCkﬁ,@q Ogi)oq'wg i nk and
to the rW@03de3&6dHus. Through the conventional conparati ow

communi cation bus, various operation paraneters of the FPP, which are not
directly involved in the timng of14 he anal og-to-digital conversion steps,

are controlled, These include, inter alia,. "inte -fhen: " (ITR) or
"i nt egr aQVRFRION: dusaiien (8 Wr@gl%é@gs LW Sjpip aﬁqsogéﬁ%\?gr{ﬂ%nga%% ts, readout
w ndow si ze and |l ocation, etc. One parangt houl 4. be nenti d here,
nanel y t ipsocessed dataprogticed by timAPSS. "BUU%?'{%? t?:Eﬁ%'@PEY BFﬂce?%%?durat i on of
a conversion cycle depends also on the resolution, increasing with the
resol ut i amd reBeappeli in she pragrammable logisrAaWR®: at i on stream control the
resolution, e.g. a 13bit or a 15bit resolution, 20 enabling a trade-off
between the resolution and the frame-rate. A faster link carries to the FPP

the clock signal and the tinmng information of the conversion steps,

mentipned earAidiferchNabped dfahe intagimpehrran which ealaiesf tosther extginales i s sent
on a wire fromthe external programmable logic to the FPP , where each

‘pulse is bBRA1dgft, tib atsF BRplBRatidhe as taUsep interflcenf THEs, Anspwoef i ¢ st ep.
Pr ogr amTP'ﬁ?gﬁt?ﬂ@blEnt ergval S bet \;r%en t he pul ses, the optinmal CVO 03/103364

P T LLOBARR yd by 1RO THRIBOAN N righfimiabict s Gbviadcafbe Lsed dat a bus
also as an interface to the external system 190 in Fig. 6, simplifying the users’
interaction with the FPP. While the FPP of the invention operates with the
10 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

15 established by an handshaking implemented on the programmable logic

device.

As described so far, the system 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

20 imaging purposes, such as visible, near infra - red and X — ray. In such
systems, heat dissipation in the FPP may be less critical, but the benefits of

the system are stilt evident.



processed data produced by the ADCs, fromthe FPP to be finally processed
and remapped in the programmable | ogic device. 5 A different aspect of the
imging array which relates to the external progranmable logic, is its
exploitation as a user interface. Thus, in sone enbodi r@@@ /%the
i nvent i oW $3H8336¢ ogr anmabl e | ogi ¢ device can be used af A i nterface
to the external system 190 in Fig. 6, sinplifying the users' interaction
with the FPP. Wile the FPP of the iMAvention operates with the 10 opti mal
clock and timng for the conversion, the user can approach the buffered

out put on the propamsabl e [ ogic inplenenting specific conmunications
protocol and clock. The clock of the user systemis independent of the

cl ock of the detector assenblﬁg, and does ngt ave t .be[ féﬁp:ghroni zed with
it. The di al og® fRaa)plane #EaY GBNEIURG RS ART CAMMMSC1RI*EE'8HIN shed by an

handshaki ng i npl emented on the progranmabl e |l ogic  device, As described so
far, the syst naging.weerekyrixel adpdt arsk anajes e i%t'ﬂ‘téll CPRVErgigBI'_d FPps,
typically inplemented in thermal IR i ma_gi ng. It is neverthel ess contended
that the sanepeseteed cian dre integtiated girpuiFpincligvee @l saidr Hter 20 i magi ng
pur poses, such as visible, near infra - red and X - ray. In such systens,
heat di ssi pat comprisinghe FPP may be less critical, but the benefits of the
systemare still evident. WO 03/1.03364 PCT/1L03/00414 15 CLAI M5
e at least one capacitor per pixel, for accumulating the
charge of a detector element.
o at Ieas't one analog to digital converter (ADC) incorporating
a comparator for onfoff switching a digital controller,
10 wherein said controller controls a digital o analog charge
converter for providing an appropriate amount of charge to
cance! out the charge of one pixel at a time by one ADC,
and
e switching elements for connecting said pixels to said

15 ADCs.

2. A focal plane array for IR imaging as in claim 1 comprising a cycle
generator, for controlling a charge output of a digital to analog
converter to cancel out said charge of said pixel.

20

3. A focal plane array for IR imaging as in claim 2 wherein said cycle

generator is a ramp generator connected through a capacitor to

the input port of said at least one ADC and to a column line.



1. A.focal plane array containing rows and columms of pixels for IR

i magi ng, wherein pixel readout and analog to digital conversion is
performed in an integrated circuit inclusive of said array, 5 conprising:
at | east one capacitor per pixel, for accunul ating the charge of a

det ect or V1 B8HP4  at | east one analog to digital conve??ngg@&%ﬁ

i ncorporating a conparator for on/off switching a digital controller, 10
wherein said controller controls a diffital to anal og charge 15 20 converter
for provigding i : t ; . he char ge of
one pi xel4' at aﬁﬁﬁa@%@%&é\@éﬁfg@ﬁﬁﬂﬁ%ﬁéaﬁ?@%&ﬁg %Wg%e%ﬁf%'ggﬂrgm onnecting said
pi xels to said __Al f l.ane. ar IRimaging as in claiml
conprising a C@gpg%greﬁgpﬁﬁ‘%aﬁ?% oc’%nli%rﬁ)'ﬁa a charge output of a digital
to anal og converter to cancel out said charge of said pixel. A focal plane
array for IRimaging as in claim2 wherein said cycle generator is a ranp
gener ator_ connected through a capacitor to the jnput port of said at | east

one ADC &nd t cAJOEd) plare aiay feoiR Impgingeas paglaippd. wherein said

5 comparator includes an integrator as an input stage.

6. A focal plane array 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 said ADCs
are allocated in groups, wherein all ADCs of one group operate

simultaneously.

8. A focal plane array for IR imaging as in claim 7 each of said
15 groups contain at least two ADCs 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 ADCs.

20 10. A focal plane array for IR imaging as in claim 7 and wherein one

counter serves at least one group of ADC's.



16 A.focal plane array for IRimaging as in claim3 wherein said ranp
generator produces at |east one linear ranp. A focal plane array for IR
imaging as in claiml wherein said conparator includes an integrator as an

i nput stage. A focal plane array for IRimaging as in claim | wher ei n
said focHOPP14H& array is cooled. io 7. A focal plane afevgéﬁoﬁ”cg&ﬂ?R i magi ng
as in claiml1 wherein said ADCs are allocated in groups, wherein all ADCs
of one group operate sinultaneousl$7 A focal plane array for IR inmaging as

in claim7 eagh .sai d i [ ou o] LN ot @9&% er each
col umm. foc’gﬁ‘ IE{ é’ﬂ@glgpré‘fﬁq?%'r B?I‘-\jﬁi %g{i}n'lgﬁgsk“ﬁ%?%' alen angpv\,herei n one
mul ti ranp generator serves.at, K| east one group of 1.0, focal plane
array for |R iPRYPRYNARE; ﬁ’géﬁ AgHoe ﬁ?&nﬁﬂgfjei"% &eé%ggfaw'égﬂ%@rves at | east
one group of ADC's. \ti'O 03/103364 PCT/ 1Ir0f%/Q 4. 17 11. An IR imaging
system as in ehannel pamigipatas aliigastin e eontrol of sai ég%;rrmbl e |l ogi c device
connected via a comuni cation channel participates at |east in the control
of said ADC. 12. An IR imaging systemas in claim1ll wherein said external
programuabl e devi ce al so contains a buffer, for providing a

5 12. An IR imaging system as in claim 11 wherein said external

programmable device also contains a buffer, for providing a
interface between the pixels' readout stream and the timing

parameters and communications protocols of a user.

10 13. A method for digitally quantifying IR radiation impinging on a focal
plane array, wherein pixels readout and analog to digital
conversion is performed in an integrated circuit inclusive of said
array, employing at least one circuit for each column of said array,
and wherein a charge on each of said pixels is converted to a

15 digital number, comprising the steps of:

e on/off switching by a comparator of a digital controller
controlling a digital to analog charge converter for supplying
a charge by a digital to analog converter in an appropriate
quantity to cancel out said charge of said pixel, and

20 » generating a dual ramp conversion cycle for a substantially

two step analog to digital conversion of said charge and
providing a most significant count in a first step and a least

significant count of said charge in a second step.



I nterface between the pixels' readout streamand the timng paraneters and
communi cations protocols of a user. 10 13. A nethod for digitally
gquantifying IR radiation inpinging on a focal plane array, wherein pixels

r eadout d analog to digital conversion is perforned j i grated
circuit I cq:’ag?%\?‘g of said array, enploying at |east oniééjglﬁ“;a%"h@?;f or each

colum of said array, and wherein a_charge on each of said pixels is
converted to a 15 digital nunber, aﬁnprising the steps of: on/off
g

swé Lehi gg by & GARRAT! SGial oGl SRRl IigngRg T pldckrg 2 digl Lal to

anal og charge converter r a charge by "a digital to anal og

converter in aq%‘],éaqqgﬂé,%‘p%jﬁgg Qamgs%ﬂeﬁintéﬁ &ﬁé]gg(lgo Q@g'f@f?’em ge of said

pi xel , and 20 P ranp conver st on or a substantially
two step analog, to digital conversi.on,of saigd. char d,  providing a nost
si gni fi cant cﬁﬁme Fﬁa Cf Iy ?Yergt%ﬁgla'ﬁad%{‘q 855&'9 g%&ﬂﬁ??‘%a‘ﬁ't R’%ogunt of said
charge in a second step. WD 93/103364 PCT/ 1L.03/00414 .18 [1)4. A net hod for
digital |y quasdantiicatipn stepscd steten ppvidne e mast slgnicantblite array as in
claim 13 wherein an analog to digital conversjion of the charge in every
pi xel 5i s doneawhawsseordstep the lenst pignifiggnt biteeksaid gHantdicationps ™ a first step
providing the nost significant bits and a second step the |east
significant bits of said quantification.
15. A method for digitally quantifying IR radiation impinging on a focal
plane array as in claim 14 and wherein the combination of the
most significant bits and the least significant bits into one digital

10 number is done partially externally, outside said focal plane array.

16. A method for digitally quantifying IR radiation impinging on a focal
plane array as in claim 13 and wherein a cycle is generated for
controlling the charge output of a digital to analog converter tio

15 cancel out said charge of said pixel.

17. A method for digitally quantifying IR radiation impinging on a focal
plane array as in claim 16 and wherein a cycle generated contains
at least one ramp .

20
18. A method for digitally quantifying IR radiation impinging on a focal

plane array as in claim 13, and wherein a tradeoff between the
resolution of said quantification and the frame rate is enabled by
programming said dual ramp conversion cycle.

25



15. A nmethod for digitally quantifying IR radiation inpinging on a focal
pl ane array as in claim 14 and wherein the conbination of the nobst
significant bits and the l|east significant bits into one digital io nunber

i s done ially externally, outside said focal plane Y/ A et hod
for digi #w%%&%lnti fying IR radiation inpinging on a fgégﬁwgﬂtg?le array as

in claim13 and wherein a cycle is geperated for controlling the charge
output of a digital to anal og convert®r to 15 cancel out said char ge of
said pixel. A nmethod for digitally quantifying IR radiation inpinging on a
focal plane array as in claim1l6 and wherein a cycle generated contains

at | east e 18: gt all v ol RAY/| IR di ati
i ot g 9n AHBeaor M) SR B rélighon iobiiit'bh YRl R, T oL o
bet ween the r.esol ution .of, sai nti fi.cati fr .rate i

ol o0 by rags 2y ag 8 syt AhE Risraif Sk he o dfid BBF50 0% 103364 10
PCTI1L03/00414 19, _A.nethod for, digitall tifyi l, i ati

i mpi ngi ng on Qa%%Q:QTSt E%Pé’n%a%ftawg%" ?rﬁe%qa urar}leifeétggw'gfer@? c':rga: gnchar ge of
said pixel is loaded first into a capacitor of an integrator wherein said

i nt egator  is connected to a column of said array, and wherein said charge Is

later digitally quantified.

20. A method for digitally quéntifying IR radiation impinging on a focal

plane array as in claim 13, and wherein the pixels of said array are

10 grouped, such that quantification is performed simuitaneously for ali
members of said group, each group at a time, allocating at one

conversion time one ADC to each member of each group.

21. A method for digitally quantifying IR radiation impinging on a

15 focal plane array as in claim 20, and wherein for said each group of
pixels, one common ramp generator produces at least one linear
voltage ramp whereby in each ADC a low level DC current is created
by said ramp driving a capacitor connected to a virtual ground of an
integrator.

20

25



s connected to a columm of said array, and wherein said charge is later
digitally quantified. 20. A nmethod for digitally quantifying IR radiation

i mpinging on a focal plane array as in claim 13, and wherein the pixels of
said array are 10 grouped, such that quantification is [

si mul tan@é&%’llgﬁ‘f“or all menbers of said group, each gr o%%”ﬁ?&g(ﬁg‘i e,
allocating at one <conversion tine one ADC to each nenber of each group.
21. A method for digitally quantifyiddy IR radiation inpinging on a is

focal plane ray in claim. repn fah. said. roup of

pi xel s, one 2_%mmna'fm’?‘®1%aef?§:gﬁ%ﬂy%@gaﬁgﬁgqaﬁ]ﬁdg‘%{é’ﬁa’@é I 8'gr vol t age
1 vi ng o capdbifea HERmRTaIaE df SRIT PRaPnH, BURTLE2GH O by ator . 20 25
WD 113/103364 PCTI 11L03/0041.4 20 .22. A nethod for digitally quantifying
IR radi ati on 9FAYPEgORERIBHAVO FowpetsaidpHAY array as in claim20, and wherein
each of said groups contain two rows of said array.



