; FGE3e#?V#<">6TV(- -1 11 January 2005 METHODS AND Cl RCU TS FOR PROVI DI NG
BOLOVETER B!'mmwﬂmum" NCELLATI ON FI ELD OF THE I NVENTI ON Thi s invention
relates to bol onet er bi as-heating. cancellation, and nore 5
particularly tosgsgesuits for providing bias-heating cancellation for a
singl e boloneter and a two-di nensi onal.bol oneter infrared { VALY %Qolsay.
BACKGROUND OF THE I NVENTION i M cromachi ned bol oneters generally suffer
from bi as hMETHGDSAND GIREVEES FORPROMDINGBOLOMETER | y due to
m ni mal thermal conduct HIS&%—HEWPIWW%?I&TE@VN bol oneter resides,
the tenperature of the bol onmeter 1ncreasing en the bias current flows
through it. The noise or offset generated due to bias heating nay be many
times hi ghel.p O THESNEBNTEON Nfrared {IR) signal. This will in sone

i nstances severely 1npair the performance of the boloneter. ~ According to
U S. Pat. No. 4,752,694, bias-heating can be cancelled together. with

of fset : .qn; - g Qr 4 ri S in a
o di rmore b ol e 10 % Mo B tobidthert ah iy EifellaiBh bl fibed

al | owSa gaitsebalynto ¢intuitg fart providing thias-heatihg cam!latior foe arshgdobdlosiegpand and
hence the si Ig:;égal - ‘O'ﬂﬁi Be rat.ig cannot. be further inproved. In a nmethod
proposed AN ORAMERHPAH Rglomgtetpirare( imaging awray) | i shed in the Journal ,
Sensors and Actuators, Vol 79, pp 122 - 127, 2000, with a title of "H ghly
20 sensitive infrared tenperature sensor using self heating conpensated

m cr obol BRCKGROUND O THREINVENTION enpl oyed in a wheatstone bridge to
cancel bias heating. In this nethod, the dummy bol oneter may not have
enough time to cool itself down before the next pixel is accessed. In
~anot her  r¥idieitladhésdr belomeRrsagdheRely duffel Edm bhbeRAwd eféctan BidsSheatiff oPUl S€
“bias heating of resistance boloneter in&ared detectors and effectiveness of
bi as 25 dohpraeietstis sereryly duer todniaimalthemsenl conductance ghthermenderane whengdher d,
publ i ghed, egdi P 5. 44-.65 995, a
Ferpelvat oy iR redlRE R OBpenbursiol oe YBlomd Preehfie Suiine bl e

bol orret erflastienighand The notsher st goaktasgiedueto hiacidating enayedd mhgatimeg. of

t he bol oneter.. Thi thod, h . ||y suffers f [ t ant
char oi ng TR A" 5 EREES HIRGA 400 SEmadheon I Limfeme RESeAss FRIO mRer by
t he t enpahapstiimiBes 6Nk BElokRMrSt or , the tenperature of the bol oneter
changi ng during the readout. *@00002* 2 OBJECT OF THE I NVENTION 11

January 2005 The object of the invention is to provide a circuit and net hod
for bol ondteerdibg &s Uk dtat. o oETH20694a bias+heditivig cansben@heel ted! togethe fwith ofet

t wo- dj nensi o bol orretl er, i ré%al\‘ked i rrac%i_lng_ array so that an i'dfrared signal
can ea‘*},""f‘f“’\;ll % fgnaipiformitysofatag: gleefricl Ecsistanesin a\twe-dinensiogak bolgmeterspect
of the inyaRti qhe!Meh6d iot BIOPHGCHrtaddes ol dllobCh d%\i;\ﬁéqg@htnﬂn nhf'dabkng
cancel l ation for a single boloneter conprising: a \Weatston ridge forned
wi t h one prsfoomed en thg seadoutisignalp and dnseer the rsignaktenoise satit cannpt B fiarther

itor. f | f] t he t I it .of id ;. t
Sobrce ey ' Mot rphoyed deRamagfiiin LG if o BinetibiaB et ng
sai d senshurdal, SenbbRSardUes@oyDVaNG9! pe12erai2ndeno®f withe Rileof h‘?ﬁ%ﬂlﬁg

cancel lation circuit; and a difference anplifier for subtracting the
bi as-#Hbat SeAgjtive infrared tempsmtume sengpn aysing self-heating compensated microbolometers”,

a dummy bolometer is employed in a wheatstone bridge to cancel bias heating. In this

method, the dummy bolometer may not have enough time to cool itself down before the

next pixel is accessed. In another method reported in a paper titled “Theoretica-l analysis

of pulse bias heating of resistance bolometer infrared detectors and effectiveness of bias

25  compensation” by Christer Jansson, Ulf Ringh and Kevin Liddiard, publfshed in the
Proceedings of SPIE, Vol. 2552, pp644-652, 1995, a temperature sensing resistor-is used

to sense the temperature of the bolometer element and set the ramp voltage to cancel the

- self-heating of the bolometer. This method, however, generally suffers from inconstant
‘charging current to the integrator capacitor since the current is set by the temperature

30  sensing resistor, the temperature of the bolometer changing during the readout.
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1 S fromsaid sensor. According to another aspect of the invention there is
- provided a circuit for providing bias heating cancellation for
t wo- di nensi onal array, conprising: a plurality of boloneter type radiation
sensors connected in an array, each of said sensors having ?I ectri?(%5 :
resi stance which may vary from sensor to sensor; 20 a capadiitBudY
replicating the thermal capacitances of" the said sensors; two nmenories wth
associ at e§g é_rleéﬁ B [ e storing the offsets of §ai d sensors and
~the other aci tances of said sensors; a current
digital -to-anal og converter for taking the data fromsaid nenory and - 3
- 11 January 200S setting the discharging current of said capacitor, and
gener at i riheeobjesloif tlee i ertion ibitaprovedzta cigpuitfand andhskfos boonierstdagha@gpgci t or ;
a vol tage di?qi hal -4 0- anal o$ Fon%erter or .taki ng thq data .fyomsaid nenory
and conpeRLSTIAHGD RE 2 ¥ale Pelameleh &y twqsAungnsional bolgmgtes infrared gmagipg ches
connect i ngrayaodhRAAIAfrsred BighM AH BE leXsifyGead &itas source VDn and the remai nder
of said bias-heating cancellation cirCuit; and a difference anplifier for
subtracting the bias-heating fromthe readout signal fromthe sensors.
Accorg ng m thi‘?i rcuit for providing bias heating cancellation for a
single b ; M@&&Q&j enbodi nent, each of the plurality of
switches includes a field effect transistor operating in the triode region,
the field effect transistors being controlled by either of two clock

signal's. ARIGRGiREIE iokidla8pdcl of WeiribRidn BeRNA! FofBE] §ldirchfl fot hibvidifi blaf!

effect transistors on and off. In a preferred enbodi nent, the cur%ent'}

sour ce ofheatag eancellationf for a pinglei bolometel ecosmphising: ng cancel | ati on al so
comprises field effect transistors. if ' . 15 As will be discussed in nore

comrises fi _ stors. i f | f
mventi on,  accoy A BRBC LR onB RIS BE RROR el ot e

subt r act sresikrdyi as heating signal at its' inverting input fromthe readout
signal fromthe sensor at its non-inverting input. In this sense, the final

reado si gnal fromttt}e segsc%r wht&%ut lbi as-heating effect is left at the
out pUt of the® SH3FYYT I8F repheating the theppal capagifancs of sgidisensats provj ding
bi as- heating cancellation for a two dinensional array, it is preferred that

each of the plag@akddtYowrte foMstEing she KalinklRge;a field ef fect transistor
operating in the triode region, the field effect transistors being
. of two clock signals., As was the case for the.circuit

controll ed by eipihe 3 €

for providing di ‘é‘a{\@af’f Ay tehesceannsstingnsaid sensosta g biasosawrest ¥op andethewo

cl ocks WhicalhifdRPbf @le btizﬂq)efagﬁé ?z}n‘éf:lfltﬁ&h rb@@sihgt ors generally 25 operate to
of f .

turn the transistors on an w _ According to this aspect of the
invention, it is also preferred that the anplifier subtracts the bias
heati ng si gnal 2 sliff¢rence amplifiemfprisubacting othe thiias-ixeatinlg dtons ithe adadbuatr sigiad

Sensoj$ aﬁoﬁxtsﬁidsehsodf.' 11 January 2005
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According to another aspect of the invention there is provided a circuit for providing bias

heating cancellation for two-dimensional array, comprising:
a plurality of bolometer type radiation sensors connected in an array, each of said
sensors having electrical resistance which may vary from sensor to sensor;
20 a capacitor for replicating the thermal capacitances of the said sensors;

- two memories with associated address generators, one storing the offsets of said

sensors and the other storing the thermal capacitances of said sensors;

-
a current digital-to-analog converter for taking the data from said memory and



non-inverting input. Again, in this regard, the final readout signal from
each of the plurality of sensors w thout bias-heating effect is at the
output of the anplifier. BRI EF DESCRI PTI ON OF THE DRAW NGS S Enbodi nents of
"the’'invention will now be described in nore detail with refliphence 2ﬁsthe
acconpanyi ng drawings in which: Fig. 13Ls a schenmatic diagr A Qati ng
a bias-heating cancellation circuit for a single bolometer. Fig. 2 is a
schemat i gettinggh&™isch Alrtdng of shidogapa&iasri A inhl @Rl el pigyi t abl e
for a 10 two?di mensi O;nggr bol onet er iaflapr ared ?dm%gﬁgdl‘g@?aﬁgl%E%%eP%ﬁ%w OF
THE ENVBObEaENGTSS sayd sppgors avENAc@NCprs. 1 il lustrates a bi as-heating
cancellation circuit for a single boloneter. The circuit, and therefore,
net hod, is ba 3 QU ; r and. t her mal
Capaci fance. Ty A Bl RGRCREL MERRIE, 16 fa ko Wil HEROD vt
t herri i alcompensaigg thedffsetsdeimgaidpgrsost | at e capaci t ance val ue and
di scharging current, a replica of the bias heating can be generated on the

el ecti cal capagitance. This replica is. used to.cancel the bias heating of
t he bél oneter 2 quHraﬁPygc_)f swischies §?‘8}e§t"ig, sayd s%nsgﬁdlnghvpﬁ}aﬁyéo a% SUEiteVeR | dge
circuit whetie esaimleosf sdid Biagth&ing EBARIatibiPSfRouiteshbt ance is equal to
resistor 6 when there is no infrared signal and no self heating, and where
resistor 3 equal,to resistor 7. 20 The circuit operates as follows.
Switches 5, 9 Zafiifterencg Amplificr fon subdrapting: thq bieg-heatingnfoms hevisadaut signal | )
and sw t Ghfs tHeseflsgddd 13 by a clock ~2 (not shown in Fig. | ). Cocks ~ 1
and ~2 are conplenentary. Wen clock ~ 1 is high, swtches 5 9 and 10 are
cl osed. A capacitor 8 is pre-charged to the voltage at a node 14. The
~output voltage of an anplifier 11 is equal to zero as its inputs are
“Shorted Hyccoydingte the cirgwie forpirodding biasthsatingeanicellativh fanal singlediolorfethi, gin,

i t itch 4 .and, 13 d.. Th
o1 orkd; o 1Rl SmhOuficie IRALOARE PRI ¥ Swifendt il A e TRBSMEE 1 and
4 turn orpetafiag wotheagedsiegionpthe flekd éffect GmistoRDeUY donbslled by Bithdr @€ayd 4, OF

t he vol tage across - 5 - 11 January 2005 the capacitor 8 Ppre-charged in

t he previ€ digpaly  More, pagiculrelyw it clock ridenals @gerates to sumnthedficltheffecs| t age
at the n 15 = i i pouf o ( fl.er.11. Due
fo the biasspar fnafd o kOF pRACHUTRGAR, Meburflor SP TP Gl e
ti me dur ipigviting bidsdekting@cangellatios alsbltempdkésfipdd affedtlvansistors. nver ti ng i nput of
the anplifier 11. As soon 5 as switches 5 and 9 turn off and switch: 13
turns on, the capacitor starts discharging itself through a current source

12. us, vQl.t the inverti.ng input. of the lifier.11 als

| ne-::ti:3 ly ‘Aaste(r}rgl (lalag)gs a\%lg'tlﬁ&% i %e.[ﬁdf}%e&%éélp ng?lPeC ﬁgﬁ%‘glqgs d%% Hign eh ef‘ﬁ‘g
capaci t orentbodimerits of thedavantigh apcordingetdtonk mbdtitert e aaipligie oftheicaguief t he
capaci tancE val ﬁ*}% of bhe, capacitor ‘8 and the discharging current of the
current YA ,bias heating signah pt 1y invsrtingeinput, frometheiraadout sighal Hemehet ed

across t | - ' Pt | el nyerting
“lnput, t ?ggﬁﬁf‘ ﬁghgiﬁégveﬁgg% iﬁlﬁggvﬁ %gsg%eﬂg%’q?ﬁgn%‘gﬁr%{kﬁgesir@ﬁ]ggfnn%ﬁtse o@gt he
“anpl i fi erwithout biasbeating effechisdeft atthe aut f of theamiglifidr.at t he i nput of the

anplifier 11, leaving only the infrared signal to be anplified. The

anplified infrared signal appearing at the output of the anplifier 11 is a

constyant Ea) i . -be rther int.egrated through an 15
cOnSIaNt HSiok8hk $9%e. ke B RBfBE YR RGHAL SR BHEETR § b Yieiom
i |1 ustr atemygitlis pefdirdithagactoorthe phiralag of switthds ifcluda el @ffed transistor
t wo- di nensi onal _bql oneter infrared inmagi ng array where 2x2 bol oneters

(pi xel s) opgrating in the tgade regions thedieldipiieot ranpsigprsdicingrantiotied by eitherefitwect ed
to the bi g l.atJ AV ndi ng..sw tches 25
or 26 and B oA ERA el P uls it fonitb R SR AGHRP Bhl ARt b
process, siigle thotomiétersrtbe awal clbeksowhkichrcontrohyhe Siehb effedtepirsistat | genaratly

thermal Iy uniform The resistanc t he bol oneter at each pixel may vary
acrors% thoé’eéart?wugkggﬁgvmflﬁgst%“ﬁéﬂ%capaci tance of each nicronachi ned

bol oneter. These non-uniformties need to be conpensated in order to
efficiently read out the infrared signal. The bias heating is cancelled in
the sane Awoprdisg théiis Aoy ofohel invenfidd5 it is.alsthgrefedred URA tAE Bhiplifisr ALradB
compensat ed _as follows. (/A voltage djgital-to-anal og converter (DA 17
(whose oubpbiasihsating yenal gbits invsHingaputfrom the rradentsiamgl fordhe pensarsras dts
generator 19, is used to cancel the offset at a node 15 caused by the

vari ation of boloneter resistances. The nenory 18 stores the offset at the
node 15 in the form of binary nunbers. These binary nunbers are sel ected
sequentially, as each



30 - , pixel is accessed, fromthe nmenory 18 by the address generator 19
controlled by a clock ~ 1 and converted to an anal og vol tage through the
DA 17. docks ~ 1 and ~2 are 11 January 2005 -b conplenmentary and run at
the pixel rate of the array. The output voltage fromthe Eﬁ@ I h; ﬁgplied
to a conductor 16 so that a proper voltage is set up at a no&elT % rough a
resistor 7 to cancel the offset at the node 15. The non-uniformty caused

by m sratORIBYering: (RN ASAR, inathis regard, Hhe final madew sigepl frosn| caple o8 tke j s

nor mal |y JiMaheyOTREdsBEs witRdht bR@heRingd (fec Stk i&@} res The effect of
m smat ch of tlhe thé:Sr r?al capaci tgncn on ct Lse bll{eas uég??dr?zatnlﬂg&%ﬁe change of
the heating rate. This can be conpensated by varying the discharging
current It. Simlarly to the aforenenti oned of fset cancellation, the

i nf or mat iR DESE IR TION OF THECBRAWENGS pi xel . (bolonmeter) is stored in
a nenory 20 as a binary nunber. During the clock ~2, theses' 10 binary
nunber.s selected. by. an addr.ess nerat.pr. 21 accordi ng tq. the sequence
in whic haélnrll oﬁrﬁ I};Epgét}%lnﬁ?glo ﬁ'{: r'}OB‘gget g?f.c" RIS ‘Hgli‘ ée%?@“?ﬁfﬁ\%er ted to
a do cur PSRTMRARY WEES It K22 (whose output is a do current sink) to
set the discharging current i, through a conductor 23 for the sel ected that

pi xel . ce,the non-uniform:t. f .the thermal capacitance can be,
conpens;&nég'. 1y gséh?ggagic QT‘I“Bdﬁ?S?lraf‘H% aéhlgs-ﬁﬁappg &W@éﬁ‘%ﬁ girguiifor arsingle

i nvent i opolieaéted. bed herein is susceptible to variations and nodifications
ot her than those specifically described. ~~/ It is to~ ~be understood that
the invention includes all such variations and nodifications which fall

Wi t hin ith_ spirit_and scope. The invention also includes all the steps,
features, ‘Soﬁﬁd’s?cﬁ‘f“@ﬁ%" fagraphilystiating & bingrheatimgrcanesllation cisenibanitabletfor a
‘specifigl Cat LG Y : - col jvely, and all conbinations of any
two oF no%gkg?"eis‘g%’\{gtgg’%ls&%r‘%aég‘?hrﬁ%s‘#g firayf January 200S CLAINS 1. A
circuit for providing bias heating cancellation for a single boloneter
conprising: a Weatstone bridge formed with one bol oneter.type radiation
sensor arBESCRIRTIQON QFJ/H : M FHEJ] NTTOR

capaci tance of said sensor; a current source for setting the heating rate;
a plurality of switches connecting said sensor to a bias source VDD and the

remai nderpgef 1tilGstRkéSa BadhbditheCREAlatiBh ' ARuit t5:H kihgleFbmeter. The circuit,

and therefore, method, is based on the equivalence between electrical and thermal

QLSRN

capacitance. That is, the electrical capacitance is used to mimic the thermftal one. ‘By
15  choosing appropriate capacitance value and discharging current, a repliéa of the bias
heating can be generated on the electrical capacitance. This replica is used to cancel the
bias heating of the bolometer. In Fig. i, resistors 2, 3, 6 and 7 form a wheatstone bridge
: circuit where resistor 2 is a bolometer whose resistance is equal to resistor 6 when there

is no infrared signal and no self heating, and where resistor 3 equal to resistor 7.

20  The circuit operates as follows. Switches 5, 9 and 10 are controlled by a clock ®1 (not
shown in Fig.1) and switches 1, 4 and 13 by a clock ®2 (not shown in Fig.1). Clocks ®1

and @2 are complementary. When clock ®1 is high, switches 5, 9 and 10 are closed. A
capacitor 8 is pre-charged to the voltage at a node 14. The output voltage of an amplifier

11 is equal to zero as its inputs are shorted by switch 10. When clock ®1 becomes low

25 and clock ®2 high, switches 5, 9 and 10 are open and switches 1, 4 and 13 are closed.
. The bolometer is biased by a bias source Vpp. At the moment when éwitches 1 and 4

turn on, the voltage at node 15 is equal the voltage at the node 14, or the voltage across



a difference anplifier for subtracting the bias-heating fromthe readout
signal 10 fromsaid sensor. ' 2. The circuit according to claim1 in which
_each of the plurality of switches is a field effect transistor operating in
the triode region, said field effect trannsistors being contn
either of two clock signals. 3. The ciscuit according to C:ng%dfﬁg%%i ch
said current source conprises field effect 1 Stransistors. 4. The circuit
accor di nghd capabiaér8 Iprerchudged HinSthé reviphs Eyae, batatdeagleSwhidstohabridgatd ng
+ si gnal aﬁw' ts inpverting input fromthe readout signal fromsaid sensor at
its noni lléP‘Eqdnah? Npltage asthempde 45 fiidito the poryinygrting epugiofthe amplifier db. t he
final re ' ; | oE L.ass ' ect is
at the ouriy (rHACkefing G Il AR pcdl 8l Uekarty B P WGl T
cancel | attheoelo¢lo®2] awdatisith solcapalat drer mon-ineatipg iispuo 9f the akdpliFienuadr Xs 880 _g_ a

plurality of hol ometer type radiatjon sensors connected in an array, each
of sard 2 ﬁ%’ﬁﬁg?f‘ %&\ﬂdr?g“’é‘%/ ggfta!“aé&’!‘tcé‘ d3tams Hﬁéhﬁﬁ?k?ﬁltﬂhva%‘?lﬁhafm_ gedsor to
Sensor: uGagRE bhibnt'sBurce ap! I Rk! MY voliGed AAERIvARRARLLATIES alblifiller 1521 0

sensors; two .nmenories with associ ated address ge ors, one“storing the
of f set s @lsodiiearly dsemasss svithntimeh el'hst fater ofsclangn s déterminat by thecegpacitdraihces of

sai d sensqhs, urrent di gi.t al,t.p-@anal og, converter for .taking the data
from sai égﬁgcﬁoﬁﬁf M%‘é‘fqﬁ‘ﬂé“t h\xlt@it ecﬁ%{f%fﬁ OIS%Pkﬁ?ﬁca@f‘cl F‘élvglé’ﬁé’giﬂ%r”, and
gener at i Rgpaitbelahd theddiséHasgihg esr iR HF iitOcRfent SduicsS BN S¥eSlic val@ke of afAC t Or ;
a voltage digital -to-anal og converter for taking the data from'said nenory
and 10 cdlwepingsean he seperatselfaseass the 6apasipr) 8schhiseplica ysilagal appliedito ¢he t ches

connect i | A b\ ~ hi VDn, and t he..r.emai nder
of st EERLnpROTALE, 6 8al R Yol ar e n SR ife 10Ny BF he sFREE™ o
“subt r act illg Henee, hissshehting cangbd ¢canoeltcdent tmaﬂplﬁtofsﬁegmﬂéh f“ﬁdﬁmlf’m“ 6ﬁl§rQlif- 15
7. The cirgcuit according to clajmé6 i i each of the plurality o
swi t ches '?éarﬁé F‘igéiﬂ_cfog?e‘f Qllﬁqdagtqeﬁ‘ﬂ?lpfﬁggpét“ieﬂg‘g“ﬁl Mpsapng alfhe cEEubAL sai d
field ef fRCimpli@IA1SE A'confi&itd2 voRatd OTHis ighM c%hbb?&n&}[r iix*t}é%?ﬁgg%{é?% %Qa' S.

8. The circuit according to claim®b in which said anp .the
bi as-lfeatintegratar gmamprave thesignal-to-noisgratiopfidesiredm t he readout signal from
said sensors at its non2U inverting input. 9. The circuit according to
claim6 in which the final readout signal fromeach of said plurality of

SSTSonS MR ISP #0oRb00 Aol Syl AN BY'a oSSRl 111

bolometer infrared imaging array where 2x2 bolometers (pixels) 29, 30, 3]/fand 32 are

shown. Each pixel (bolometer) is connected to the bias-heating cancellation circuit
through corresponding switches 25 or 26 and 27 or 28. Due to the irregularities of the
20 fabrication process, the two-dimensional bolometer array is not electrically and thermally
uniform. The resistance of the bolometer at each pixel may vary across the array as may
the thermal capacitance of each micromachined bolometer. These non-uniformities need
to be compensated in order to efficiently read out the infrared signal. The bias heating is
cancelled in the same way as that described in FIG 1. The non-uniformities are

25 compensated as follows.

A voltage digital-to-analog converter (D/A) 17 (whose output is a voltage), together with
a memory 18 and an address generator 19, is used to cancel the offset at a node 15 caused
by the variation of bolometer resistances. The memory 18 stores the offset at the node 15
in the form of binary numbers. These binary numbers are selected sequentially, as each
30 - pixel is accessed, from thé memory 18 by the address generator 19 controlled by a clock
®1 and converted to (an analog voltage through the D/A 17. Clocks ®1 and @2 are



1<{vqgl gb\ W caU] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] c*a] ca] cal] ca] caV]ca]caV]c
aJ ca] ca] ca] ca] ca]c”a] ca]c”a]lca]ca] ca]cTa 64

l'ys, 31[ } } xsnhc”Y] ] ca] ca] ca] c”*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
"]ca]ca] ca] ca] calcalca]calcalcaljcalcalcalcal ' A1 O""t##*$ ( Y*+
+, 8-L--- .5/ 6000112} xsni d_Z] ]] ca] cagca] cal] ca] ca] ca] ca] ca] can]ucla] ca(tljsca] cal
caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 23z2333333B4445T5X5
5566666@3& Q:ﬂ%l and run at the pixel rate of the array. The output voltage from the D/A 17

; s<<~ytoje |V] ca] ca](gna}]a‘ a] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] caU] ca] ca] ca] ca
U] ca] ca] @fmg] dpca¥ @a] ajoc Pba]pgg]egé(okta@—ts set up at a node 14 through a

?#? 68
>gZZ~yt o?ge_é%%sﬁﬁ] ?ﬁ']@&?%g% th no K lﬁ ca] ca] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca

U] ca] ca] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] cal ca\s' gE! S#10%& ()-3S 10%& ()-109& ()
-f"109%& () -yF10%&' ()- 109 ()-'[w¥sX| Z8! @3" &$10%&' () - V! " 3"&$10%&' () - V! ;
9 $10%& (The! nom-ur@fagmity -cagsed' ) miwdﬁ/&f (d)c:mxl #Wta}ncg\of Ith@%ﬂ&‘o@achmed 10 10F

@LO%E:( o8 1 23" &$10%

g 31 » PRlEiEts 5 horml iniSh ey ool i B gfephieal remagpase:) Thoeftectof
109Z& ( ) 1iis@afkt\of thel tia@ﬂ@e& c%&c&&&% tﬁé blas heating is the change of the heating rate.
131 1092ZZ& () - 109%Z& () - 2109 109%& () -4 aBr=

109Z& () -Thos Icmcmzepmpm&atfé%& V@;w@ the dmghgrgingp cqu%!gll( ) Similgdg 8o (the

1855, 3o ayenttiaft b Bstomer it b noMin e Bt Sabiudte St Lapir)

109&' () JBolemietetPis%StdeddEn (a)méﬁib’?&lzﬁﬁé)ﬁ/&u(a}y hhhB8’ DriNg 'tHLORSk (02, k%R () -
161 "' $10%&' () - [} aB/ 10|s 109& () - & 3y#10%<& () - |

- 10%<&0( ) -bigavg & pe-selppted by ap addrespgeneratpy 21 grecgndingotogthe)sequence in
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means of a D/A 22 (whose output is a dc current sink) to set the discharging current 1,
through a conductor 23 for the selected that pixel. Hence the non-uniformity of the'

thermal capacitance can be compensated.

15  Those skilled in the art will appreciate that the invention described herein is susceptible
to variations and modifications other than those specifically described. /1t is to’ be
understood that the invention includes all such variations and modifications which fall
within its spirit and scope. The invention also includes all the steps, features,
compositions and compounds referred to or indicated in this specification, individually or

2y 20 collectively, and all combinations of any two or more of said sfeps or features.
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1. A circuit for providing bias heating cancellation for a single bolometer comprising:

a Wheatstone bridge formed with one bolometer type radiation sensor and three

resistors;

5 a capacitor for replicating the thermal capacitance of said sensor;

a current source for setting the heating rate;

a plurality of switches connecting said sensor to a bias source Vpp and the

remainder of the bias-heating cancellation circuit; and

a difference amplifier for subtracting the bias-heating from the readout signal .

10 from said sensor.

2. The circuit according to claim 1 in which each of the plurality of switches is a field

effect transistor operating in the triode region, said field effect trangistors béing
controlled by either of two clock signals.

3. The circuit according to claim 1 in which said current source comprises field effect
S transistors.

4. The circuit according to claim 1 in which said amplifier subtracts the bias-heating

signal at its inverting input from the readout signal from said sensor at its non-

inverting input.

5. The circuit according to claim 1 in which the final readout signal from said sensor

20 without the bias-heating effect is at the output of said amplifier.

. 6. A circuit for providing bias heating cancellation for two-dimensional array,

comprising: <
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two memories with associated address generators, one storing the offsets of said

5 sensors and the other storing the thermal capacitances of said sensors;

a current digital-to-analog converter for taking the data from said memory and
setting the discharging current of said capacitor, and generating a replica of the -

bias heating of said sensors on said capacitor;

o a voltage digital-to-analog converter for taking the data from said memory and

10 compensating the offsets from said sensors;

a plurality of switches connecting said sensors individually to a bias source Vpp

and the remainder of said bias-heating cancellation circuit; and

. a difference amplifier for subtracting the bias-heating from the readout sigxfal

from the sensors.

15 7. The circuit according to claim 6 in which each of the plurality of switches is a field

effect transistor operating in the triode region, said field effect transistors being
controlled by either of two clock signals.

8. The circuit according to claim 6 in which said amplifier subtracts the bias-heating

signal at its inverting input from the readout signal from said sensors at its non-
20 inverting input. ,

9. The circuit according to claim 6 in which the final readout signal from each of said

plurality of sensors without the bias-heating effect is at the output of said amplifier.



