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they do not require cryogenic cooling. In addition, they are generally much

less expensive in compa:fisbn with cooled focal plan arrays. However, the

typical sensitivity of bolometer type sensors is significantly lower than of |

cooled-type sensors. Moreover, as bolometer type sensors are very sensitive
to temperature variation, they require special means for stabilizing the
temperature of the array (FPA) substrate, and for compensating each
individual bolometer for said temperature variations. It should be noted
that the case that accommodates the FPA contributes roughly 80% of the IR
flux for F/1 optics. Thus, it is of vital importance to monitor the case

temperature or its radiation.

Vox (Vanadium Oxide) resistors are widely used in typical bolometers, as

the Vox has a relatively large TCR (temperature coefficient of resistance),
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noi se contribution. Typical bol onmeter FPAs are
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compensating in the FPA pixel level. More particularly, special circuitry is
required to compensate for the non-uniformity of the detectors (i.e., to
compensate for their different offset and gain), and to further compensate
for the non-uniform effect of the change of the case temperature on each
detector. The said latter non-uniformity arises from the fact that each

detector has a different relative location with respect to the case walls.

In order to account for the non-uniformity of the FPA pixel detectors, prior
art bolometer-type FPA manufacturers, or the users themselves commonly
perform pre-measurements which determine the gain and offset of each

pixel detector. The measurements are performed for constant, predefined
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variations in the ambient (case) temperature. These latter measurements

depict the readout variation of each pixel detector to different case
temperatures (while the scenery radiation and the substrate temperature
are kept constant). Said latter measurements result in a third, case
temperature matrix. During the actual use of the FPA, an additional
compensation circuitry performs actual measurement of the case
temperature, and using said case temperature matrix, the circuitry provides
further compensation in the pixel level to the readout in order to correct its

variations evolving from changes in the ambient {case) temperature.




e T T e A e et

-4 The neasurenent of the case tenperature during
said tests for obtaining said third matrix, as well
as the actual neasurenent of the tenperature case in
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results to conpensate each readout value of each pixel
detector for the effects due to case radiations.
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conprises: (a) an array of i x j pixel detectors of
the bol oneter type for sensing scenery radiation; (b)
It i8 HRURWjER St PREahiehveation to provide means for directly

measuring the radiation within the FPA case.

Tt is still another object of the present invention to provide circuitry means
for using said radiation. measurement, together with said pre-measurement
results to compensate each readout value of each pixel detector for the

effects due to case radiations.

Other objects and advantages of the present invention will become apparent

as the description proceeds.

Summary of the Invention

The present invention relates to a focal plan array system of the bolometer




array of detectors, said case having a front w ndow
that provides exposure to the sensing elenent of all
the i x j pixel detectors to radiation comng from
he nery; (c) at least one blind detector of _the
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detectors has two branches as foll ows: (a) a first
branch conprising a first resistor R;;[( which js
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Preferably, each of the i x j Wheatstone bridge type detectors has two
branches as follows: (a) a first branch comprising a first resistor B» which is
thermally shorted to a substrate which supports the array and is common to
all the decoders of the array and a second resistor Er common to all of the
decoders within same row, and which is irradiated by one of said reference
gurfaces; and (b) a second branch comprising a third resistor R. which is
thermally shorted to the said supporting substrate and which is common to
all of the decoders within each of the columns j and a fourth resistor Ep

which is unique for each decoder and which is exposed to the scenery.




common to all the decoders of the array and a second
resistor Rro+l) common to all of the decoders within
same row and which is irradi ated by one of said

e surfaces; and (b) a second branch conprisin
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the said supporting substrate and which is comon to

all of the decoders wthign each of the colums j and a

fourth resistor Rpg+l) which is unique for each blind
decoder, thermally isolated fromthe substrate, and

which is also irradiated by said reference surface
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is a case offset array as
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blind detectors; x - is the average signal of all the
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the selected row.

Preferably, the compensating circuitry performs the following expression in
order to obtain a decoder signal which is compensated for the case radiation:

(2) V,(corrected) =G, ; *(V,; —xCO, D+0;;

Wherein;

Vij — is a pixel detector signal after an A/D conversion;

Gij ~ is a gain correction matrix extracted by a pre-measurement procedure;
Oij — is an offset correction matrix extracted by a pre-measurement
procedure or by measurement at a time of shutter closure;

COi; is a case offset array as obtained by the pre-measurements procedure
using said blind detectors;

x — is the average signal of all the blind detectors within column j+I as




Preferably, said reference surface is thermally
coupled to the case wall. Preferably, said reference
surface radiation is the sane as the case wall
radiation. Brief Description of the Drawings In the
WHLHNYE: - Fig. 1 shows the general strucgﬁi”é]“%??“’%m’“ﬁ
typical, prior art FPA of the boloneter type; - Fig.
2 shows the general stru€ture of one of the i x j )
pi xel detectors of the FPA of Fig. 1; - Fig. 3
obtaiﬂéd”&thﬁﬁé6§eﬁalﬁi%n%§ﬂ%ﬂra§?0hanl cal structure of a
bol oneter-type FPA and Its case, according to an
enbodi mrent of the present invention; - Fig. 4

illLustrates, t he general ructurg of an FPA according
Prefprab Saé‘#l‘ﬁ%ﬁ?%ﬁ?mggceﬁﬁgﬁ%rcgéeeﬁ?ﬁi nvention; - Fig. 5
illustrates the structure of each detector bridge
within colum j + 1 according to an enbodi nent, of the
Prefgrabdnntaid peésrenemsurface i§, & ug vavHifh fp @gkend’ieggﬁr% the
casefv%ﬁn a system for providing conpensation in the pixel
I'evel for the gain, offset, and case tenperature
drift; and - Fig. 7 illustrates the structure of a

typi.cal .2X2 pixels FPA accordj.n 06/ 100662
Prefa@hlrsm‘éwf@maéuﬂg%ejs—t Bmfih%%ﬁ‘}{?\qs% 9%1 ¢ 388 ed
Description of Preferred Enbodi nents The gener al
structure of a typical FPA 1 of the bol onmeter type is
Prefstably, baid féfgrente sitfecd-Padihtioasisi theosamaras fhe chsenrmall
therefore conprising i x j boloneter-type pixel
radiglipBet ors. The readout fromthe FPA is performed by
selecting a full row of pixel detectors by neans of
row sel ector 2. Wien a row is selected, all the
efcDegeripdi blee Damings row are sinul taneously

e d and te readous fromall the pixel detectors
Int ?H‘f%%insg& ected row are provided

- Fig. 1 shows the general structure of a typical, prior art FPA of the
bolometer type;

- Fig. 2 shows the general structure of one of the i x j pixel detectors of
the FPA of Fig. 1;

- Fig. 3 illustrates the general mechanical structure of a bolometer-type
FPA and its case, according to an embodiment of the present
invention;

- TFig. 4 illustrates the general structure of an FPA according to an
embodiment of the present invention;

- Fig. 5 illustrates the structure of each detector bridge within column j
+ 1 according to an embodiment of the present invention;

- TFig. 6 shows in block diagram form a system for providing
compensation in the pixel level for the gain, offset, and case
temperature drift; and

- Fig. 7 illustrates the structure of a typical 2X2 pixels FPA according




into the inputs of corresponding j colum anplifiers

Al - At. As wll be elaborated hereinafter, when a

row is selected, the reference signal is conmon to

| the colum anplifiers. Fig. 2 shows the gener
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FPA of Fig. 1. As shown, all resistors of the detector

are arranged in a form @f Weatstone bridge, which

provides a differential neasurenent. The resistor Rp

[ e" resistor which is specific to each
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|solated and are exposed to the scenery. The resistor
pn. & to all the pixel

GHIEHES " ¢ o1 ed to

The @ﬂ&ja[] a%cambaﬂ é:]@prléEﬁqPIsA qr of & bdlornstdratypk iy shoves kad
romt e Scenery esistor RmMis one resistor V\:hICh IS

Fig. dorﬂ*h:mm dl has tiheowsi mql joebenngy thagplopp comprising it J
t
boloP R AL ReR) Srh S AR Bl d oa B pIBALE B,

seledtﬁlg @ﬁﬂlrﬁﬁvb@ el détfeetom 233 mmts@ﬁtm Selentdm:?n Velaerha row
colum, mﬁ is alsq thermally 1ﬁrted t.0 the

is selerterd radk éhe ﬂ’ih’@c@ﬂ'é o0& the pelegred éfse@rnﬁeaslw PReghsly; ynsed;
and &lggf'egat 8}1 Is }fiﬁr ofh nél%:‘) iﬁ SEPicteRBrs df H&m%b@:%cﬁroaﬁaré provided

resi st or he resistors
intodhe Bpeke ot b:loyresf)or\ﬂlng tjy@éumanain@ﬂlﬁarsj Aarefdor &5l yilhdee

as identical properties as.
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comfr%mo a{fﬂﬂﬁohﬁﬁﬁf Ay Rieeps of resistance (TCR), and sane

capacl tance and resistance. It should be

noted that one or nore of the -------- --- WO
2006/ 100662 PCT 2006/ 000046 resi stagr
Fig. i Shogtil S8, EFaGFob RRGARe 8F OB ohrart | £4134Er Sorfiord e the
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row?%glldvv%}uc Siss%'e%errgg to-lﬂé%ﬁf 28 & "Hiind" Sresistor, as it is totally

masked from the scenery. Resistor Rm is one resistor which is common to all
the pixel detectors of the FPA, said resistor Bn is thermally shorted to the
substrate of the FPA, Resistor R: is one resistor per column, which is
common to all the pixel detectors within each column, and which is also
thermally shorted to the substrate. Therefore, in the exemplary FPA of Fig.
1, there are i x j resistors Rp, j resistors Re, i resistors Ry, and one resistor
R All the resistors are preferably of Vox type, and should preferably have
as identical properties as possible, more particularly, as identical as possible
resistance, same thermal coefficient of resistance (TCR), and same thermal

capacitance and resistance. It should be noted that one or more of the
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| ocated at a thermally isolated |ocation which is
masked fromthe scenery radiation. Said resistor Rr
is electrically connected only during the readout of
éhe specific row. The other resistors Re and Rmare
8%%@‘?@% during the readout of each row Pff&&a06/000046
resistors are thernmally shorted to the substrate in
order to prevent their g%struction due to excessive
heati ng. Thus, when eac specific bridge is active,
two al nost_identijcal nche I
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ned sélact@& ﬁlimedﬁfemm# readout
comnifgt B Papkch Whengt e Sphie

IS app |ed over._ Rp. Flg 7 illustrates
is corivegedinto ¢helcerredpoadingyobamnn gl lifiergd -4t he sake of

brevity, the FPA is reduced to the size of 2 x 2
pi xel detectors. The row select signals that are
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Y Q05 iR hod e ty edestive heatinpu SbEBAWhen
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of f set of each
S L Qhnery BEIIAEAES WiSEERt fpplicd over Rpr ned  whi | e
Is a?#%%iog,gﬁgﬁt cglsfg,(le— and substrate tenperatures are kept

constant at some pre defined tenperature. The results
of the rrea

! Rl SrEtsy )
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sequential order. When a row is selected, the voltage over the resistor Em,

which is one resistor common to all the FPA pixel detectors, is
simultaneously provided to a first of the two inputs of each column amplifier
as a reference signal. The voltage over each corresponding resistor Rp within
the selected row is provided to the second input of the corresponding
amplifier. It can bé easily seen that the structure is of a Wheatstone bridge,
and therefore the radiation measurement within each detector is

differential. The various resistors Rc and R-complete the bridges.

As said, in order to account for the non-uniformity of the various FPA pixel




said two matrices. It should be noted that the offset

matrix is updated periodically (for exanple, every

2-3 minutes) at tines when a shutter is closed and

Wnasks the FPA from scenery radiation. O course, the

PRIV 0t be used during the times in whiFGH/HEe000046

shutter is closed and the wupdate is perforned. Said

procedure of correction 'g_s generally referred to as

NUC (Non-Uniformty COI‘IJ' ction). As previously said,

the prior art has also prayided a pr re f
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use JrOHREFE Bh& pHRWENRItori df thaFRieénadjosted uiing thaidgta of
measurenent and conpensati ﬁ? mﬁ hg& whi cg.i S q‘{ap%_%qegn
said tthe mesdeese mhinshesld kavpetes that, the, gsebfPkix 48 "R Aot
.sufticiently agc o_ &0 b dtugikdeat ®Reh e sHeker dk
periggt ttf?%eﬁgmpﬁeéueé’%%gcgégﬁu%é)t o the Ir(gfrs'egent "
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., ;Fach. i xel f bdiedbioal id peddrdliyoredérred fbel am
upd%:ggs 38?8%%%I§a§&h%géé§grn%%%r lcture ag? the ot her
NUC etesDnisbraftyt@eréRn)besi des the fol | owing two

differences: a. Each "active" resistor Rpo+i) of each
detector bridge within the additional colum is a

e gyl TR pbache e iy st
comb@nsading foar varjations in Hge" pasentpmparabueo, ég,rl_f!_)sze j et]ﬁe
perfgggg@tti).%lrt %F%;gip?)ngraf 'yegllge%né?)? gwglgso% Abrd BEtctRAIBrerddrhiigre
sensors, that are attached to the walls of the case. Pre-measurements are
made in order to determine the effects of variation of the case temperature
on each pixel detector of the array, while the scenery radiation is
maintained homogenous and constant, and the substrate temperature is
kept constant. The data is kept in a third matrix, and said data is used for
compensating each array pixel detector for variations in the case
temperature. However, it has been found that this measurement and
compensation. method which is based on the measurement of temperature,

not radiation, is not sufficiently accurate,

Tig. 4 illustrates the general structure of the FPA according to the present

invention. As shown, the FPA of the present invention comptises an




within colum j + 1 to radiation is significantly
reduced relative to the response of the "blind"
resistor Rrg+i). This reduction of response may be
bt ai ned, for exanple, by reducing the absorption
Wﬁfz?qﬁ‘gp%f‘?cy and/ or the thernal resistance ofp(fm'é‘z'm‘i’“"“"“

resistor Rpg+l), while mnmintaining its origina
dynam c sel f- heating bghavior. The structure of each
detector bridge of said colum j + 1 according to the

present invention js.shown in Fig..5, ] ke
additibnaloepdumangfrengrsy ca't?)%ﬁ 8&%12'? é!‘tldr%iﬁﬁla iglrl\g?teé:h
thin, et G a3t ) edilhEhlly theosame stoiciite ahdhe
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active resj.stor. . The teadout o) Ct@thiprihége
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sai &HP@WE’I%{_E’\}%&E?, Htlﬁ%hfeg’%?sfﬁggﬁ%he "act i ve"gresi, tor
Rpa+ipe Yidoohse 60kbemajme “activahdesistoni et hof Seckiédee

row i1s irradiated by the referen sur f ' :
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of tjagpeasenajibe sbiainsd foneraraple, Poredusing theraforpiep

which the case tenmperature.i s re ; ;
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PCT/ | %@&ngﬂg%g%ﬁigmﬂ?dyhﬁﬁﬁﬁﬁaﬂmmg hehavigui red in
ofin

or de?™ the case radiation. It should be noted
however that, for the purpose of the present

i nvention, the S NOo, N 120, i inf b 4hB
The jstrnctungs Ofcf’é‘Fg é{eg‘?@%‘} E’&g%% ,SF g%lhec\(/)g%ﬁg ljg-i’3 A g?%&%gtg ect or

sBLi, R BRACEShanl @ Fiie frios ehéwinttenbiidge compBisesivp
pre can be sufficient. However, for the sake of . 4o
"hlirdresietng, thiirss"had" resister FerrhRiEh PSRERFTORNY for

t he sake of, .uniformn i 1ihasrdaeaor Rognd
detepmtbxﬁgeﬁ GW}.‘J'B(?F p%dq@gov?,gﬁl rﬁ% ?rbralgl Fe)].]ﬁ%lénever al
whi{ﬁjoliéf ﬁﬁgliyﬁﬂ scfivalBaikstont readout which is proportional

e case radiation can be obtained in real tinme and
The readout from each detector bridge within column j + I is performed in a
similar manner to the readout from all the other pixel detectors. Whenever a
specific row is selected, the readout from pixel detector j + I is obtained,
simultaneously with the readout from all the other detectors I to j within
said row. However, the fact that the nactive” resistor Rpg+ within column j
+  and within the selected row is irradiated by the reference surface which
has a similar temperature & emissivity as the case (or that changes
proportionally to the case), causing thg readout to be directly proportional to
the radiation of the case. This is in contrast fo the prior art in which the

case temperature is read, not the case radiation, and therefore a complicated




si mul taneously with the reading of each row. In many
cases there is no need for such a high rate of
reading, but the use of a full colum j + | can enable
averaging the reading of all the bridges in order to
W Bt %’6?} nore accurate indication. As indi @5(‘&6’”?’?90046
Fig. 4, the output fromthe anplifier A +i, referred
to herein as Acne, is eggentially signal that is
proportional to the radiation within the case, and is
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aver ﬁgtthatxeadﬁgt dfaﬂlsfim' britiged indender 30 jobtHn MPLE aLpLRAEe

t FPA
B R e
to her%ﬁ% 24 Béasep&f 1s¥sBerRlIBAd A4l theeds propertimial ve thesidiages
are shielded fromthe scene E nmeans o{h QR
withQi thier mseefaaxde i corovided s Teal e SEBEIAROEE
readiF:l)}Cg/ 1L20 6/ OO 4%tect&1§éhrtltfaﬁt af %xﬁ)P'ferdn% lthe CLBAESL EThier

e case or that
char} elrﬁ;‘Eﬁ: éﬁ%ﬂ&t tmpﬂfv@ﬂﬁgtofmpmmum ab s gealetime fragme

own, the resistors R j+1) e adi at
rater plepRing tharsbives datariortahel i TR %?ﬁ &t g ey
reference surfa 03S cRBuFdOm one
dotegiors g CRgEEC L o B AP e REn R Skt

y coupled to a case wall,
or a reflecting surface that reflects the case wal l
radi ati on. Accordipng to th ent

t
Fig.i Blustraies theAererpb megaruieh Hrvgrnel 2 ofth fr-type FPA

and its case, according to an embodiment of the present invention. The outer

walls 12 of the case are made from a thermally conducting material and
serve as a heat sink for the substrate 13 and for the thermally shorted
resistors Rm and Re (not shown in Fig. 3). The FPA is indicated as numeral
17, and it comprises at least the plurality (ixj) of the active pixel resistors
Rp, and the plurality of "blind" resistors Rr that are all thermally isolated
from the substrate. A transparent window 15 is provided above the FPA for
allowing the radiation from the scenexry to impinge on the active resistors
Rp. The i blind resistors Rr are spreae'l adjacent the active resistors Rp and

are shielded from the scenery by means of one or more reference surfaces 14,




effects of case tenperature changes on each active
detector of the array are nade. As said before, said
nmeasurenents are made for several predefined case
eratures, while a honpgeneous scenery radiation is
‘N$?@£?%@@ to the array, and while the tenpditdfiLLe/gpos
the substrate of the array is kept constant. However,
while in the prior art tﬂf par aneter was the i
tenperature of the case ~and the dependent variable

e Y25 R B S SRR AR o AL

that BIFRSE Badlbﬁ\éﬁrgmﬁmmm aﬂﬂmﬁse rwalls, ResHART, a8e reSIStors
readouts fromall the detectors in colum j+1 and t

Bo(j+dp penitundiabed bashme referentd surfangs didx Ik mulda@smte% éb,e
rate of correction that.is ded f
the rpfifelc Frbloeihl B8 Bl AR Ui CRER bdOke GRTBRISA

therrh &8y bdigled t6 amabd &ralleome relldetitg shifdet that tdiRcEAGR. caéé
said before, the non-uniformty of behavior to the

Waﬂtﬁ‘ﬂé@tm]@-errper ature drift results fromthe difference of
the location of each detector wth respect to the
case walls and the inherent process non-uniformty.

Accorigg fto nHe nyresdntt ihgeniadn, tpratrhmupamanm for qrtermadiy the
det ect or Pi xel CaseGal nis t ai ne%@by uswg]1 t he

effects f1f| 8P HRPRRRTHEES P%%Pgeﬁ\v&%?@ 3epyy feEectay of the array are

mads, 'ﬁsehégﬁsﬁﬁf@ said rfodRdeh Y ‘%%emgege f@@@%@a éﬂ(‘&%ﬁﬁé@
wher ei n: Pi xél CaseGai n | ndi cates t hange of one
case Spmpefditoraptetion hmomou@admﬁry\mdm i0p6Bdded to

the PCT/ };‘éf)ogﬂlﬂ[%()@é ‘iﬁé%éﬂligﬁw%ﬁ]é%esﬁﬁgﬁt@%ﬁo ia]chan%e J q&etpltwe
constaRg Cﬂéﬁﬁvéxhew%ﬂéngﬁ ede tﬁl‘i’oﬁ/ Oéxﬁzagﬁe fﬁ&@h@teﬂf Was the

specific active detector: ATease indicates the chan

tempieratuie ofdde casepans: thee depandent/aoaiable iwai eamatrix H&a

f, h d |t
s SRR R b [T B RS A
preséHil iﬂﬁ%nh'&ﬁ Ehé Qi’araﬁieterPiQ( Qh@&ﬁ@%eﬂ rleédouts from all the

detectors in column j+I and the dependent variable is still a matrix that

describes the rate of correction that is needed for compensating each
detector due to the non-uniform behavior resulting from the temperature
drift of the case. As said before, the non-uniformity of behavior to the case
temperature drift results from the difference of the location of each detector

with respect to the case walls and the inherent process non-uniformity.

The finding of the calibration parameter per each detector PixelCaseGain is

obtained by using the following expression:

pn:e! / AT, case

(1) PixelCaseGain =
caseref / A case

caseral”

= AV e / AV,

wherein:

PixelCaseGain indicates the change of one specific detector voltage readout




i ndependent of dTcase, and thus a same correction
array can be used for a w de range of anbient (and
therefore al so case) tenperatures. The fact that
Pi xel Case Gain represents the ratio between the pixel
W0 aAYa°change and the Caseref vol t age cha‘?ﬁjré"“ﬁ‘ﬂg’g‘g"’“
Pi xel CaseGai n i ndependent of dTcase. Thus, a sane
correction array can be_uged for a wi de range of
anbient tenperatures. This is in contrast to the
L. prior art that trans Al 1
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AVpb%fi.ﬁéi@ites tHBehehgs 6 thervolthge padont af 2 spedificactive si gnal
ollows Plank's Law, the relation wused is a higher

detecorler pol ynom al function and therefore several arrays
ar e..

ATca%%dle%‘ﬁ% 35 A, 'er&n%g%&setc%nﬁ@f&fm{e%d ull range of

effperatures. Therefore, the nethod and
AVeaS ) irfiostbs tthe aveesgenthdmpeeoft albrihar detectors veltapt apadart
operation, involving fewer calculations, are nore
frompeebwnay e; Liand  al so provi de saving in the anpunt of
array data handl ed. The results of the

pre-measurenents using the expression %1) .prgvi de .an,
It shbelidcat i esteflohetdie thas cunilfes dhe vprien gatwikiieaiCreeieeR d¥d

f o : 5610 VPl .
indapopda it b R ¢ 086 prisotford Brrf{E baf bEluyadh 895
wid%ﬁéﬁ%?d(lﬁ'ga 01%1%1; 0fnd BRrERSE a6 TRSS)Aortiperaitirbs. THtact dhet
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PixdlGhieCuin abprassntoth F4iar datweeasthe @}ﬁﬁér @Iggstitangg an

the f@;\f-;%geg ;xg;ét%(gpn? I _(r%%.ﬁl & %xelil@aée%iﬁ)m bn(ieql@ ot ands,

gain correction matrix vvhi_cﬁ

ThusS aOBhAk MBerdefloR £eAYeahiNakedfer peaidy eangy of merhient
I'§ indicated by Gj, and the offset corre tlonI tr;cﬁ(
temphiathrdss Bisoiswb 2a61esbde6 RPN S8l dhabdoRasIate s the
obtained in a cpnv j I QirdRasY" offSet.
Var’rﬂ%&?:lc‘gt Y eﬁfﬁrﬁagjgergﬁéaﬂta?lﬂ% m% e corr gct tS :gg’gﬂec ??I?ﬁ% ry of
ThérBBr P8 $RArioR wetitdinde the stgaifolidves Plainlialag, the relation

ssesndoughor 2oy FoToesRt By andcEretoie poverit b are
e e
Therefore, the method and system of the present invention are much
simpler for operation, involving fewer calculations, are more accurate, and

also provide saving in the amount of array data handled.

The results of the pre-measurements using the expression (1) provide an
indication for the case offset voltage which is needed for compensating each
specific pixel detector bridge for the non-uniformity resulted from the effect
on each detector of the case temperature drift. The data which is obtained
for different levels of AVeaserer (which relates to different case temperatures)
is saved in a matrix (or look up table} COw; (CO stands for "case offset™). The
gain correction matrix which is obtained in a conventional pre-measurement

manner is indicated by Gi;, and the offset correction matrix which is also




Ga,; - is the gain correction matrix extracted by the
pre-neasurenment procedure; G ; - is the offset
correction matri x extracted by the pre-neasurenent
I ure or shutter activation; COj is the case
ngzgogéﬁ'ﬁ%\zrray as obtained by the pre-neasur ifgri106/000046
procedure; x - is the average coefficient of Vcaseret
as obtained frompreferghgly full colum j+1 of pixel”
detectors (it should be noted that x may be obtai ned
from | . dHiNmahfes MEndiasRg 1By eny;
avtaipd i} 2 EifyehERfal B p e e e B e P
matrihoul d be noted again, that there are three matrices
of coefficients, G,i, Cat, and Coil/ Fig. 6 shows in
bl ock di agram form a system for providing conpensation
| ' f Gesbite itBRinbionOpéifeims ahd bewing
The f@ﬁ%%{rbglt %éﬁl(‘rﬁs{ f%‘tf.qjh%hlg.[eg st em of Flbg. 6 perforns the
expreé2xsjonda sirder {oXprexobvize pixrbdategiorssraadgitBat ed by numer al
1. Bus 20 nsfers.t Hfe ival readi ng of a
@ full row of Va@f@ﬁ%@a?ﬁ?@g@f %‘?@@?@"w to j within
the selected rowto the anplifiers Ai-AA (bl ock 22).
ERMB converter 21 transfornms the anplified reading to
v -Gl Bid Aw pRkRdetebicetidil aftepun dgD donvetstomosi tive (+)
i nput of sunmm ng unit 24. The d|4fer$gt|al Vcasere{lt
G:j + dadiheg ghitoreorieetipn 1MEHIY AXEASERG Y LBF LSRR
fthin FPA' 1 is WO 2006/ 100662 PCT/|1L2006/ 000046 - 16-
Pfoc%ﬂr“&%’i ded into anplifier AA+i (block 25). The anplified
0:; L a8ahBWffideobodraetivhi matridkstractedc oby dhedpiermeagiygment
reference register 26. Register 26 accumnul ates and
procedire 4 SEUHEE adRAMYs fromthe full colum j+1 (i.e.,

duri il ooy LEaGHIAthedly HyeShe pBsinHacdiseemta
COuit tfi%%l i%%%tei%%ggaégjﬁgter X that isyepr ov?ded to the
procéflde; mat ri x 27. The corresponding nultiplied val ues

2 - s it et et o Prias? e gty o
colu%:gleﬁzfo? e H]E%%&st(nl%huaidmdtyd thelt x me§De dhtaired|fiore
. al \Y

alues of line 29 are provided int,o {Het N
less thhi ithkifolt dobmmoniin so@e ogles BveTh foge & single pixel detector

within column j+1.

It should be noted again, that there are three matrices of coefficients, Gij,
Oij, and COij.

Fig. 6 shows in block diagram form a system for providing compensation in
the pixel level for the gain, offset, and case temperature drift. The system of
Fig. 6 performs the expression (2) above. The FPA ig indicated by numeral 1.
Bus 20 transfers the differential reading of a full row of detector bridges
(pixels I to j within the selected row to the amplifiers A1-4; (block 22). AD
converter 21 transforms the amplified reading to digital data, which is
provided to the positive (+) input of summing unit 24. The differential
Veaseref reading from the j+I column and the selected row within FPA 1 is
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mul tiplies these values by the gain matrix Gj (bl ock
34) (as obtained during the pre-nmeasurenent
procedure), resulting in G, j * (V, J - xCO, J) .
The resulting output 30 fromnultiplication unit 28

WP ed into sunming unit 31, which al'$d/FEREPePRY
the input fromthe offset matrix G| 35, (which is

al so obt ai ned during thaépre-nmeasurenent procedure).
Summing unit 31 therefore produces and outputs on

ih 43k, 25). TEOkFQEEE roadiEE foth drpliffer
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signal. The f%/ﬂl image is finally produced at block 40.

As shown, the system of Fig. 7 provides compensation for the readings from
the FPA in real time, and compensation which directly relates to the

radiation from the FPA case.

While some embodiments of the invention have been described by way of
illustration, it will be apparent that the invention can be carried into
practice with many modifications, variations and adaptations, and with the
use of numerous equivalents or alternative solutions that are within the
scope of persons skilled in the art, without departing from the spirit of the

invention or exceeding the scope of the claims.




c. a case offset correction matrix CGQ ; which
conprises i x j pre- nmeasurenent values for. discretely

conpensating each sensed output signal from each.ofy ona6000046

sal&¥8B-WO05pi xel detectors respectively; d. at |east
one differential nmeasurenent blind detector of the
bol onmeter type within the cage in a colum j + | for
sensing case radiation, each sensing el enent of said
atCLARMS one blind detector is masked fromthe

scengr is irradigted by a baffle whjch extends
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radiation is proportional to the case radiation;
readi " &P try for reading indication for the

scenery al adiadtdydt 367 EEBRataDMeRAGEmaht bREI det¥cthrs of the
detectors of, the array, _and for reading indication
for the caggl"}’“z?ﬁra"tyﬁ’@n’”é? QEREEes ByFenging ¢lamentclay sensing
bl i nd det eedenriv Adihtion;a case-tenperature conpensation
circuitrﬁ/for mul. ti I%/cin signal as read fromsaid
at | east ZoR&2fT P8 85’%6‘}%35"‘)? gy ofidebecersysadd gpse
sai d case ifingla SORK SLidoONtIMIyirboided HGoBlR. dfCtaid it
plurality case ensation val ues, each relatin
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sai d scenethe scemgpat i on i'ndi cati ons of each detector

by the correspondi ng AVENDED SHEET 18783-WD- 05 =
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b O e et are g o e Mahibe IR #Bhiba
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detectors TR u%ag{’?ldﬁ‘f’ﬁ P@‘%o?f 331% AHCRIEE dsitRstere reRpactively;
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2, wherei ach of the.i.x | Wieatstone bridge type.
det ect orsn?@%m? RSN ﬂéé"‘?%l pgysolugpn p+¢ I fogiéensing

branch comasé sadigtian,fdschtsensing sletlenRonsaififtNedst one blind
thermal |y detector is masked from the scenery and is irradiated by a
baffle which extends from the case to closs proximity with said
sensing element of said at least one blind detector, and whose

radiation is proportional te the case radiation:

e. reading circuitry for reading indication for the scenery
radiation as sensed by each of the i x j deteators of the array,
and for reading indication for the cage radiation as sensed by
said at least one blind detector; and

f. a case-temperature compensation circuitry for multiplying a
signal as read from said at least one blind detector by each of
the values of said case offset correction matrix, thereby to
obtain plurality of case compensation values, each relating to
each pixel, and compensating accordingly each of said scenery
radiation indieations of each detector by the corresponding
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shorted to a substrate which supports the array and is
common to all the decoders of the array and a second

resistor R common to all of the decoders within Sal[Bn06000046

r Ag783MMIOWE ch is irradiated by one of said reference
surfaces; and b. a second branch conprising a third
resistor R which is therngkly shorted to the said
supporting substrate and which 1is comon to all of

t he decodengsut bifHaid gadiplhtibhle colums | and a
fourth resistor Rp which is unique for each decoder
and which is exposed to the scenery. 4. A focal plan

array, SAFAMPRAGRFH fatdd aﬁdo?%ig% 2o WD wheRiBh Rad of tRE ;

bl i nd Wieat stone byidge type defectors has two

br anch®d 'g%teWSl ?ac%apf gh@f phad defecters hasnpratsictigreaot a
first washttede HRdge @i, Which is thernmally shorted to
a substrate which supports the array and is conmon to

all the decoders of the array and a second resistor

R t 13.) AGRABRniRrB dysin bhSrdiRs asﬂgquﬁl Eﬂa&ﬂéﬁﬁm of Ok i x

and h 1s irradiated by one of said reference
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supporting subsirate and whic I's comon to all -

the decodefhoried 1 asubsiate whichkeupbertsthe array 2ad jgpemumon

fourth resistar the asbode¥dic Hhb Skt Wi HOEeBAG NreblidRdR,
decoder, thermally isolated fromthe substrate, and

which is ApENOED° S the degusne Gutkén saprpapwy\@ndvhich is
al so i rradigh@dtddbysdedf Bkl Rrerta b thQidl 4fH r esi st or

Rpa+z) has a different sensitivity to radiation than,
of the oPhér speagd skrspeh cpmrRisipg 19e thiaferasistery diet Bhicky i

a rel ativelkyerslallphoftdRa lthé Baidrs‘i‘éﬁ&‘iﬁ% §udstAkd 8hd Vch
in the case irradiatign. 5. A foca | an array system

accor di ng focermpmntg all\gf dheidpcodaes within paeh of the columns j
and a fourth resistor Rp which is unique for each decoder and

which is exposed to the scenery.

4. A focal plan array system according to claim 2, wherein each of the
blind Wheatstone bridge type detectors has two branches as follows:

a. a first branch comprising a first resistor Rmg+y which is

thermally shorted to a substrate which supports the array and

is common to all the decoders of the array and a second resistor

Ry common to all of the decoders within same row and
which is irradiatad by one of said reference surfaces; and

b. a second branch comprising a third resistor Reg+n which is

thermally shorted to the said supporting substrate and which

is common to all of the decoders within each of the columns j+

I and a fourth resistor Reg+zy which is unique for each blind

decoder, thermally isolated from the substrate, and which is
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circuitry conprises a row selector for selecting at
each tinme a row of the array, and j+1 col umm

anplifiers for correspondingly receiving and IL2006000046

am@78ByWwoms he sensed radi ati on by each of the
decoders within the selected row 6. System according
to claim1, wherein the conpg@nsating circuitry
perfornms the follow ng expression in order to obtain a

decoder si gy irriMib&ell HySsi@MRERS 3kl 1lRtGARS+, has a
radi ation: Vi (corrected) * -

= , V.
xCO, j) +O% -F‘Eisjﬁ’.’Si‘ith -wi@dbﬂtm?’ehan{jef éée ath%i Xgigtors
Gj - is aehil SR &Aed bEAsdR Hhrm Xt AGAH B¥%ng signal in
pre- measur enent Proc_edure;_ Qv - is an offset
correct i on FREROPEK tvariationg dn P caspresdaBeRur ement
procedure or by neasurenent at a tinme of shutter
cl osure; ' is a case offset_array, as obtained by the
ot o-re 4o BEENRIAR S2re3, ST ASORUNG do SaE b TRsemn he reading
det ect gfdhitr¥ combpfiséd® rév QERERr FhrIdidctial 23ldach Rfndh irbH of

detectqQrs within, ¢olu +S obt ai ned durin L
oper at YRS GEY1 AR &F4 a&n!lm# a 3{3@&1 for &eﬁﬁwwq% refedying

6, wheis Bniphi€yif® RS Bsrdel GBAIELIOA Wyl dath FRBE AleBSdedd) Ghithin
provi des cgﬁn& nsation to the signals read fromthe
array ¥ PHe. AVENDED SHEET

6. System according to claim 1, wherein the compensating circuitry
performs the following expression in order to obtain a decoder signal
which ig compensated for the case radistion:

(2) V.;(corrected) =G, , *(V,, - xCO, ;) + O,
Wherein:

Vij— is a pixel detector signal;

Gij ~ is a gain correction matrix extracted by a pre-measurement
procedure;

Oij — is an offset correction matrix extracted by a pre-
measurement procedure or by measurement at a time of shutter
clogure;

CQi;is a case offset array as obtained by the pre-measurements
procedure using said blind detectors;

x — 18 the average signal of all the blind detectors within column
Jj+I as obtained during operation of the array.

7. System according to claim ©, wherein the compensation eircuitry

operates and provides compensation to the signals read from the

array in real time.
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