;.eBQutCr>>?$@_AB6BI2 CWrl. . ~. Gl /[ /! ~~W-~GI| 6Y.S 12°" Novenber
2002 5cqpoa2y _/1 _ CN-CHVﬁLCCNPENSATICN OF SELF- HEATI NG EFFECTS I N
M CROBOZOVETER | NFRARED DETECTORS BACKGROUND OF | NVENTI ON Technical Field

of the Inveati S Nvention relates generally to a ‘i@ﬂ\@;@@h&@?h@625
infrared d%’%@@mw &Imm s, and nore particularly, to a nmethod and apparat us
t hat conpe e selfheating effects during readout of a

m cr obol onet er*6%®¥8%cri ption of RelatedlArt In the last a few years, there
has been a rapid 10 devel opnent of infrared focal plane arrays (FPA) using

uncool ed m crobol gneters (Wod, "Uncool ed Thermal | nmaging Wth Monolithic

Silicon Focal Pl SEEHELD 0%@;%%%‘“ FEECTS3 Y and Tanaka
et al."Infrared Focal Pl r g BECIGRS C Process

Conpati ble 15 Bol oneter,” |EEE Trans. on El ectron Devices, vol. 43, pp.
1849- 1860, LRGRerOBRD! Y i&f&'vEﬁirgbﬁbO' oneter sensor essentially consists of
two conponents: ?a) an | R absorber which is usually a nenbrane, made of
Si02 and/or Si3N9, and (b) a 20 resistive tenperature sensor fabricated

usi ng a mat &eFRPiGRLhFRRGH cE€npbeadaventdeniici ent of resistance (TCR).

I nci dent i nfraregnikRinRAialonondieatss tdnsansiey tdes eRycehBogbRgLkls

resi stance which is read out using an external circuit, for exanple, a
Wheat st ohe BPEEGESTh eﬁgcggﬁso‘?}rgﬂ%ﬁ' b&PS BPFF c RN HHAT Y &def to
read the a{rmmmtlodf pesi stappaeathangehanhi cbnpsnuatak| yfdenethsi ngeafvol t age
pul se as d I ._.Ber e |, L . I Ferroel ectric
Det ector, " ?l(ré]taggr%g %%afrfrlé‘géc:éeg?l&ri%c%,g &gl%.doﬁl,t %%F Q‘i%c?@%ﬁg??g\g&f%% Thus, the
sensor will be heated not only by the absorbed infrared radiation, but also
by sel f - heaPrigrirtdeon 19f RedadeeAFH current applied to the resistive

sensor el ement dghi nghéhe 48ada0Utew TRicSr$el fti@ad | BA sl Sbeen alZ‘r'éplﬂQ{venber
2002

10 development of infrared focal plane arrays (FPA) using
uncooled microbolometers (Wood, "Uncooled Thermal Imaging
With Monolithic Silicon Focal Planes.”" Proc. SPIE, 1993,
vol. 2020, pp. 322-329 and Tanaka et al."Infrared Focal
Plane Array Incorporating Silicon IC Process Compatible

15 Bolometer," IEEE Trans. on Electron Devices, vol. 43, pp.
1844-1860, 1996.

The typical microbolometer 5ensor essentially
consists of two components: (a) an IR absorber which is
usually a membrane, made of SiO; and/or Si3Ng, and (b) a

20 resistive temperature sensor fabricated using a material
with high temperature coefficient of resistance (TCR).

Incident infrared (IR) radiation heats the sensor
thereby changing its resistance which is read out using an
external circuit, for example, a Wheatstone bridge. The

25 sensor must be electrically biased in order to read the
amount of resistance change, which is usually done using a
voltage pulse as disclosed by H. Beratan et al. "Low-Cost
Uncooled Ferroelectric Detector," Integr. Ferroelectric,
vol. 4, pp. 175-186 (1994).

30 Thus, the sensor will be heated not only by the
absorbed infrared radiation, but also by self-heating
caused by the external current applied to the resistive

sensor element during the read-out. This self-heating is

LT
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- 2« typically nuch greater than the heating due to the incident IR
Jadiation to be detected. If no conpensation is perfornmed for the
self-heating effect, a |arge portion of the dynamic range in the 5
succeedi ng readout circuitry nust be sacrificed to prevent \fREHbLRF h8B2 This
results in a decrease in tenperature resolution of the sensor or |Increase
in conplexity in the design of readout circuitry needed to neet a specific
, performance. In order to avoid extra-spgnal conditioning 10. design
chal | enges or degradation of performance, some form of on-chip conpensation
i s of considemraldad lint emegt . Recerdd y, thlanssdre ethedtinglrhebret ittal @Anal ysi s
of Pul se Bi dHeald f ISt I nfrared Detectors and
Effectivene??lof é#gg}gﬁﬁggﬁggf?g%%'%%rggi%%éegPlE, 1995, vol. 2552, pp.
694- 652 proposed tfechhi §oBBeNSRR§oRnCcE By ®eaforaRip forr dilie ryel - konpemsat e
for the selfefmaii ng £f laghe | BokBisnmeEhodhan @hatlicP $8ASAr gRtects the
tenperatpre increase of the mcroboloneter in thé formof a resistance
change d rirﬁf?%ﬁﬁé%ﬂﬁ,r%ﬂé}QﬁfcﬁﬁFQﬂﬁﬁY(WW%RHQ% I ef Vio? tRERVERFD to
conpensat e fsatudetissl f - IThdtsi ngeehfiest . iThis derreanisiconah sedhpepapensati on

has certain ﬁ%é&%@mﬁg@ﬁ EHENBRIBRS ol ol L UG M e e 11

i ncrease conplexity and costs | educing reli abi |
| NVENTI ON THi&s igivetfi onepovt desi ecwidify hagerdag ceoppaesdt i on seebhffue

during readqidr RirROl QOB €1 FrRYS tNgveiat Racadvaiitagas ebntbei bRyRHti ve
techn|q§55/| that no offchip circuits are involved and all the

conpensali orf$SIHD Akl FEehiPF S RIS & e Ry RitancapreMapbeEant | y,
the inventi off soe+cieiip t coOpPéh ot 8bh0Dsi 6Ff coopaiddlgb et bntbeestandard focal

G Gni 1 cant 8t orSHTONCLE | HETAST CRE OB pr 0 ee” Ba BT | RG-LKELPrueht | ve
process, thePther neBiaad é&kecttingcalothehes igrtsargfe t higo korortobol ofef earadr e
nodel ed . 1Detectors 14na Nomeer, 402 -o8 B§a%0ég%pensation," Proc.
15 SPIE, 1995, wvol. 2552, pp. 644-652 proposed techniques
using active off-chip circuitry to compensate for the
self-heating effect. In this method, an on-chip sensor
detects the temperature increase of the microbolometer in
the form of a resistance change during read-out, and off-
20 chip circuits produce a voltage ramp to compensate for the
self-heating effect.
This conventional self-compensation has certain
disadvantages such as the required off-chip circuits that

. increase complexity and costs while reducing reliability.

25 SUMMARY OF THE INVENTION
This invention provides a self-heating compensation
technique during readout of bolometer arrays. One of the
advantages of the inventive techniques is that no off-
chip circuits are involved and all the compensation is
30 done on-chip using passive components. More importantly,
the invention's circuit configuration is compatible with
the standard focal plane array (FPA) technology and hence
it can be implemented without any significant alteration
to the fabrication process.
35 During the inventive process, the thermal and

electrical behaviors of the microbolometer were modeled



20.25' 30 35 and then anal ytical and nunerical solutions provided in order
to understand how the different paraneters affect the detector's

sel f-heating. On the basis of these investigations, a new on-chip
conpensation schene is proposed and its effectiveness igangl¥z38dr B¥o2
nunerical sinulations. The validity of the nodel was confirmed by studying
m cr obol oneters under pul se bias condition. Finally, a circuit
configuration for the inplenentation ofzthis conpensation technique for
FPAs applications is discussed. Further scope of applicability of the
present invend orhew | knbegereaappai®nhuheoichbe sdataiiload desevig@édonngi ven
herei nafter ordQUever, uinh §h%lélng e ung ést&)%et réatt the detail ed (%&scrti ption
and speci fi ¢ exanpr es. Wi Perditat i 5 prerer &8 e bt e ht 55 of HERE

i nvention, &he gidedredhyomley ofelfthsationg on @ml ythei nbesvari ofis ¢thasges and
nodi ficatio bR, L pirjt QPe, ; I d.an wio bl hec

appar ent to&?lﬁ)gssfatqg}léitll{b?déﬁ n a{( hg%gfrjt.% r%ﬁ%l hi té:%glgfgﬁé%ggo&es\grcghgtr[@onaggl?l EF
DESCRI PT? ONP&PPPIE DRV NS Sc ot RE ehtane Sthe 1 pr ederity 496 dpy | onmgitiicadecone
rrﬁre fully %ﬁfﬂﬁﬂ%’gﬁ%ir Orhé h@ﬁd@ﬁaitb_e%ideﬁﬁéi ﬂ.b'u@]g gia}/senctzbﬁfshﬂéal ?wy andd
t he acconpanyi ng .dr awi ngs i C re given way.of i|lustration only, an
thus are notsxﬁuidg‘ilt”é&i J‘él%lfgﬁ%o%%%’é‘%t ?ﬂ@%ﬁtiBﬁ}sﬁnd WASr eiSPNBHNE 1 (a)
il lustrates Fanadllanced hriimge tr eadnfiigeratiioh \oer et iRB rieplesenits tilm

bol oneter resi s e Rr e r ren i ; JFigure
1(b) s a vRdr nel oaamr e R e PRy e LR P I ARS, S P
capaci t hfice disfusaatermal Figure 2 is a scanning el ectron nicroscope

phot ogr aph of onenpfeidie r@&s@bol oFet &fppiusembilin thhe st udynaf seldsdigating
effects which has a neasured thermal conductance of about 5x10 5 J/ W

12t" NovembemVEgd2on 4 WEldyur ePSEC i s TPRAEI of TABRsur B outdifie MAd ages
(open ci rcl emsaafigtherbr igdgenci heuéinastég. a SiHagle® ekl oNet eshaud t hyee
fixed resistors by applying 8 pulses.to the bridge. with 2 us duration at
30 ;6 F GBI s d o agfiohf CReabiPad BETPLALLY aghl (TSI e) of
the bri dge cxamplesusi whidleo mdraiolrghepeesefsedsianpaaticdendsser efcedhani t h
nearly the sapRialsHIEtgrs a3 EndWe R69) Sxcepiulbaleide LIS enchice

; m crobol oneter has a | arger” thernal conductance than the 10 sensing

ni cr obol omet&Eidy £hgueess drd amedhbhed F1oRs r vithivorfthyupRitrdh oind

bol onet er ardcgpan tE omBer OVhOEnt E6LT afiCEl belcashicer sppaveng | 86 gerndder mal

conduct ance £ian L8 5451 19 P9 OMPLSGY LRc49TREN38LE, (L, Lhe sel f-heating
20 BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully
understood from the detailed description given
hereinbelow and the accompanying drawings which are given
by way of illustration only, and thus are not limitative

25 of the present invention, and wherein:

Figure 1 ({a) illustrates a balanced bridge readout
circuit where Rp represents the bolometer resistance and
Ro and 'Rres represent reference resistors;

Figure 1(b) is a thermal model for a microbolometer,

30 where H denotes the thermal capacitance and G thermal
conductance;

Figure 2 is a scanning electron microscope
photograph o©of one of the microbolometers used in the
study of self-heating effects which has a measured

35 thermal conductance of about 5x107° J/W;



. 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Before turning to the details of
the present invention, a brief review of the nodeling and anal ysis
techniques utilized by the inventors is appropriate. Mdeling and Anal ysis
20 In the succeeding analysis, it is assumed that the resh{j3BrBerhange of
the boloneter is read using a Weatstone bridge configuration as
illustrated in Fig. 1(a). In the case of a focal plane array (FPA)
di fferent boloneters can be connected sgquentially to the bridge 25 using a
mul tiplexing circuit. Fromthe start to the end of readout period, tblas. a

gi ven bol onet er lﬁaglaz@segua)Thllg Ri agi&gh Caus e U dohfiSh€as6810hges
t enper at ur fromT

e to the Joule heatin wher e, T0|sthe
anbi ent tenﬁé’tpa?trhré’lrfﬁg 80 Pgadgﬁ? doF ‘g?%n G A ol d‘%‘éﬂ% s single
appr oxi mat ebyplemqedlert o akde thaee r éadedt teskbsoves tie mppleringf 8 V

bol onet er s. At the (&N of t.he, r eadqut t he boIo ter starts to cool
down vi a thgrmﬁ conduc ar?creldt 5 (%thuzlr)%undlrr?&slo % 53&3‘ Z“det er ni ned by

the ther®al tinme FHyguwenss ol . 1l§ura ngrapke béadmﬁsuﬁdte botplt povktagaisn of
t he bol onet e

su f thg selfy Pb| 12"
Novenber Zoofrlag‘dles thgbgbsoqgled |n ?g(?é at| on poagsm%’r adtwﬁoth of
t hese conpomdmrolxdmmeatipne {oenhéngergnst araf-@rﬂl@@ ofwittihhe hedohet dhe As is

conventi Ona|san¥é‘epéf'£ﬁéf@ér£’eQ§V'E9_buQE B &) boé:@é@é@rtﬁéﬂ bgemdeledndsi ng a
circuit consisting of heat capacitance, H, her mal conductance, G as

i | | ust r at ed WiFHgRprometqyy hapeacHadgiety W’B‘Fﬁalt eforderkanpRethiR, thee to
t he teﬁperatwrfslrngsenfcad‘bHIﬂ@m@(ﬁ reied by the fol I ovm ng equation: 10 Rd
=Ro( 1+a(T-To)) (19 ere, Ro is t ehrggkstarg:ce of. t Iomatter at rrbl ent
tenperature and a 1% %he’t dfpet at P e5&ft it Yo % thee | 2 The
t enper at ur e hardregtieoon afrnade boltbmebee asod fcmf\ctnejﬁ‘ercﬁncm n@qlsvrr@t\seem by dT

15 Hdt = a?v?i ¥q P ?Qrgeg-rthe];%a)l ( (%)r)duTJ{:'a%des ttt:'ﬁal?eakhgal %%%%Ilgxg;uat' on

stating that t he difference between the sum of powers from pul se

i nci dent i nfRArAREYAER dtF OFPRRRI T e poierthi 53¢ Path ot 40 e t her mal
conductance (G wll give the rate of 20 tenperature change determ ned by
the heal 5caEETABIER, DESCRIPTIEGN SO SEXEI CTNVENELQMSi S, |t is assuned t he

i nci dent | R radi n Prad = O, nce,our, nter s reduci ng the
sel f-heating effée ?P ﬁ‘ﬁeV\gHgﬁ 384 i k% hetsrl et i Uit Si sk‘gncé) ansc?rgcol t age
across the bolomtern, a brlef review of the nmdellng and analysis

techniques utilized by the inventors is appropriate.

Modeling and Analysis
20 In the succeeding analysis, it is assumed that the
resistance change of the bolometer is read using a
Wheatstone bridge configuration as illustrated in Fig.
1(a). In the case of a focal plane array (FPA), different
bolometers can be connected sequentially to the bridge
25 using a multiplexing circuit.

From the start to the end of readout period, tpias, a
given bolometer is piased. This biasing causes a rapid
increase of temperature, from Ty to Tpias, due to the Joule
heating, where, T¢ 1is the ambient temperature. The

30 readout duration of a bolometer is approximately equal to
the frame readout time over the number of bolometers.

At the end of the readout period, the bolometer
starts to cool down via thermal conductance to the
surroundings at a rate determined by the thermal time

35 constant. During the readout, the total power gain of the

bolometer, P, 1s a sum of the self-heating power, Ppias,



25.are relatively small during the operation conpared to their

correspondi ng absol ute values. Thus the bias power can be approxi mated as
VZ Pn~,s ~ 4Ro (3) where VB is the bias voltage applied across the bridge
30 during the readout. At roomtenperature, the values Pt Nolember 4602
Novenber 2002 - 6 the four resistors are assuned to be equal. Since in
practice, the thermal time constant t= Gis about several mlliseconds,
while read-out tine (tbias) is only a few m croseconds, the tenperature
rise of the bolonmeter 5 during the readout can be approxi mated using Egns.
(2) & (3) agnd-TthegpBgorbedpoingmzad ) rediakion TRQYert h&rout REtWolfage of
the bridge ained t ceapoRenebt aidetk Usity tbe R tamperdTLRER @issd oljrows, z
aVB10~Vo~ ~ thé#?bd <tblas) (5)| 6RoHTo estimte the extent of the

sel f - heat i nd SO HiHe si gnal output, one may cal cul ate the vol t age
acrossthe bridge Assi nigs t heopeeatedea s, gi vea byhdanaka keéhaliocrt edfabave
where VB:- , /x1 , 0 .. ey o[lK_..Ra=3.. 4 t=2 ~.s .
The cal (I?lsjl agggd\gﬁ]tueef(o?a?‘hgé/%l Pgaglégneursalt ng %y Ctlﬁgusetl fq%llé(gﬂfz?%q%sioﬁfg Eqgn.
5 i sabout 9 hAat Hearagitameesi dhal ank ttdanmsldesondResdngsi.on Gt ygiscal |y

about 100 nWj 1§ U te@bouh OFigMW¥ or typj cal TResPeRghyihY Obol@mfdRQ /W
This is an order20of magnitude snaller than the signal due to

sel f - heat | ng-erhdtanct ar g&drportin & tHE dyFIREE 2R Ge &F SEheFPEaniS fi er
wi Il have t agiereaiatiaieédasly byhé heo Dubywiriy odduagel @as:soci ated with the
self-heating. This |leavesonly a snmall portion of the dynam c range for

measuri ng25the ingident IR resulting in a poor inage quality. One of the
si npl estlgvvays to @r‘r*pgmgé{'t%{fﬁjgﬂ)éel f-heating effect is to use G i denti cal
array of referencebol oneters | ocated next to each neasuring array ofsensors

that act as yied ek enrge ilsigEon%din theWent shaneDhiides: Thi smdbRipach is
not practical due to drastic 12°" Novenber 2002
temperature and & 1s the temperature coefficient of

resistance (TCR) . The temperature variation of the

bolometer as a function of time is given by

15 HZ—T:Pb,aS+P,ad—G(T—TD) (2)

This is the heat balance equation stating that the
difference between the sum of powers from pulse bias and
incident infrared radiation and the power dissipation
through the thermal conductance (G) will give the rate of

20 temperature change determined by the heat capacitance, H.

In the subsequent analysis, it 1is assumed the
incident IR radiation power, Prag = 0, since our interest
is reducing the self-heating effect. The changes in the
temperature, resistance and voltage across the bolometer

25 are relatively small during the operation compared to
their corresponding absolute values. Thus the bias power

can be approximated as

2
~ Yo

Pne‘.N (3)
% T 4R,

where Vg is the bias voltage applied across the bridge

30 during the readout. At room temperature, the values of



reduction of the fill factor of the array and noreinportantly, cancellation
of the infraredsignal sgenerated in the sensor and reference bol oneters. On
t he other hand, a single bolonmeter cannot beSused as reference since it
wi || be biased continuouslyand the resultant self-heati pgh\wWovkember 2002
necessaril ybe nmuchl arger than that of sensors which are exposed to the
bi asfor only a few m croseconds. However, it was noted by the inventors
fronEqn. 510~ that the self-heating effeect is i ndependentof thethernal
conduct ance g\G) as long as the readouttine isnmuch smaller than the thernal
ti me const afte( H@}bHf Rafdivifet are Thisumed Aopobenm®raly t Biace in
hi gher t her mal conductance is used as the reference gt will notonly
bel5i nsensi pireetticet héhiendihgdemta li rfimer ednsutanal scean beasldoesssedvakraa
hi gher rate conpared to the sensors. Thispronpted bhe inventors to expl ore
usi ng a si nglieddlsemdalsr, ef i Ene e realdortter simdat( taf.g) addr essed a few
onceduri ngt r f e rqw of the sensor_ array.In the20fol |l ow ng,
this concepﬁﬁﬁrﬁgggékggﬁons%:%atgc experi ment allilyseusic?% t ebo%8§78’f‘8?§r
arrangedi n awvdagstiee teciddyd. cExpbei apprakibetedstisangolqof.| nventi ve
Concepts Thqyfolg quiyng d s an expl &nation of experinental 25 results
denonstrating the self-heating conpensation according to the invention. In
t he experinents, two boloneters were fabricated by standard CMOS t echnol ogy
but with the inve Lvé\/éjesi gn. In addition, a schepe to inplenent the
sel f - heati g con&%tﬂiqpt on-chip for a 3(50555%13&] ane array df )bol onet er s
is al so discussed. The Structure of the bol oneter consists of a conposite
filmof SiQz/Si3Ng nenbrane and a Ti neander |ine resistor as the sensor.
Fi gure 2 shd@Wsisa sthaniawfmitecvpbhagicradgr tihd (SEMgei cinceidf aare bk the
35 bol oneters. 12°" Novenber 2002 _ The room tenperature resistance
of the bol ombtteriseds usiowt thek STRahIY & %}TaRh@alaScafpédiowance i s about 2x10-9
J/ K. The thermal conductance of the boloneters is varied between 5x10-5 WK
and 5x10-~ WK by, adjustivijg the 5 dimensions of the menbrane attachnent
with th%osubstrat‘é\./mn'r"t”)1 mgiistrate the sel@H&rimy effect, a dloneter c
is first connected to a eatstone bridge using three fixed reference
resistors with resistance of about 7 kS2 each. Then the bridge is biased
usi ng vol t age pulBesofindde-e Shhav ¢kt &t ust dunat sehfahed30iklg, efifiech iom a
typical fra d ol FPAS ; .Fi e 3(a) t put of
the bridge @iﬁ%g%h%ft ﬁfugii)ctil?éi ta g’@%ﬁ ?%%SE%E%T% i%‘zg‘?éo@?o%é%r%%tst he
step clear| Ehshobsidae cirdmge ke r egirsmahessofdituen by ofenakalseuelt-o t he
sel f-heati ng.;efdect aphote thrlrdt heypositive uplg-ager,py-se ijygdue go the
slight difference in values of the reference resistors in the bridge. To
il lustrabe theSnikerRise 4cdipensat ioh behehize chkcbiatdge vslneapfarided
using two b ters along,with t 20 fixed reference .resistors.. The
out put vol ¢ e vase g SRRRRREER, o Ry YHLFSHS e8I Bufhe Br e ous
_case and t hehasul t9 | ;:#VshoWevieneEi g. tB¢b)signakardue dlearnciskeart tH&R the
vol tage ram-bsarved i ByFiga13¢ahodnet ool SRAPPEr Sn1yThisods gUe ey the
fact that both bol oneters o

for typical responsivity of 70,000 V/W. This is an order

20 of magnitude smaller than the signal due to self-heating.
Thus, a large portion of the dynamic range of the
preamplifier will have to be sacrificed by the output
voltage associated with the self-heating. This leaves
only a small portion of the dynamic range for measuring

25 the incident IR resulting in a poor image quality.

One of the simplest ways to compensate the self-
heating effect is to use an identical array of reference
bolometers located next to each measuring array of
sensors that act as reference resistors in the Wheatstone

30 bridge. This approach 1s not practical due to drastic



25 experienced the sanme tenperature rise during the readout. ON-CH P
COVPENSATI ON A preferred FPA circuit configuration 100 with on chip
conpensati on using a bal anced resistor bridge readout nechanismis
illustrated in Fig. 4. The resistors 30 | abel ed RB reprgsenovehfber 2002

resi stances of the mcroboloneters in the array. The reference bol oneters
(Rref) with higher thermal conductance than the sensing m crobol oneters are
arranged in a row adjacent to the sensdr -array. 35 As further shown in
Figure 4, circuit 100 includes an array of sensing m crobol oneters

i ndi cat ed by eRBctipp " ofovéhber L 202 fagtor5 afp thep0a2%a30 3Bdar mamged

adacent to ampwtah s/, ereeeﬁcemeﬁ%ﬁrs bndi gated me@a%fed EagEgﬁsi'sstOF
RB i s connected toq%noun via a sensor selecti ng sSw tch Suc

pi xel MOSFEFCONERATSh 1B e SAN SR R &eLEEENRE P§18F‘§6e6§nnect ed to a
correspondi ng semsorthel wheew hahd1ll% g'bﬁgl:@mb‘d]]ometl@ﬂ 8&ngaisx obeeach

sensor sgl eé‘tsleri’!ﬁ ggm rr%'} Jr%%cles gﬂpgeec%%d tPlla Qrnes cgl ngﬁglt of Yshi ft

regi ster e ontrol I nput or eac sensor LBRPYERY115 i s
connect ed t @rg cope egﬁéndltﬁgtblﬁeloﬁ faaﬁbd—rsj'umll egesﬁelsarzay Thee owtputs of

the sensor qql g} St hasad 15 a4 &h sonnent ach tor@ élsb;?@;ééoas Pgbdgﬁatshat

i ncludes a bias vaoltage VB input and two resistors known and equal
val ues Ro. TifUs OMtiYe SR HFARIAANS t he sensor col urm switches 115 form

a leg of this brimdgewdt,h reskatamegedB.by the inventors from Eqn. 5
10 that the self-heating effect 1is independent of the
thermal conductance (G) as 1long as the readout time 1is
much smaller than the thermal time constant (H/G) of the
bolometer. Thus, if a bolometer with a higher thermal
conductance is used as the reference it will not only be

15 insensitive to the incident infrared but also can be
addressed at a higher rate compared to the sensors. This
prompted the inventors to explore using a single column

of reference bolometers that are addressed once during

the readout of each row of the sensor array. In the

20 following, this concept will be demonstrated

experimentally using two bolometers arranged in a

Wheatstone bridge.

Experimental Demonstration of Inventive Concepts
The following 1is an explanation of experimental
25 results demonstrating the self-heating compensation
according to the invention. In the experiments, two
bolometers were fabricated by standard CMOS technology
but with the inventive design. In addition, a scheme to
implement the self-heating compensation on-chip for a
30 focal plane array of bolometers is also discussed.

The structure of the bolometer consists of a
composite film of Si0;/Si3Ng4 membrane and a Ti meander
line resistor as the sensor. Figure 2 shows a scanning
electron micrograph (SEM) picture of one of the

35 bolometers.



The :ref erence bol oneter resistances Rref are individually connected to
ground via a correspondi ng reference selecting switch 125 such as the

ref erencesel ecti ng MOSFET shown in Figure 4. Each resistor Rref is also
connected to a correspondi ng reference colum switch | 2590 \R&emBBE bOH2 1 NpuUt
or gate of each reference selecting swtch 125 is connected to VoD. The
control input or gate of each reference colum switch 135 is connected to a
corresponding bit of the X-shift regist&r-120. The outputs of the reference
colum switches 135 are connected to the Weatstone bridge. Thus, the

sel ected out put of'% NeCTRf BFBREEA EOT AnheShF FRRES ?§5t¥18r gPtlHE‘elt8§F ey of
this bridge apddr reskiQt anceeReré. hdhe suphEptexcagi opghatt 0Px0H ygkei r cui t
100 is carried out in the follow ng manner to sel ect the sensor and
reference bolHiet @SR f FRIHEMEat Sond s | BFOMSHELS, 45 oWadH ahe
sensi ng arr dyetweat! esk O USWIE t hardY- hilfd ' r ey Kt ebyll@dgndttihgn ahe
particul ar sensor_ and th orrespondi ng .r.ef erence hql.oneter_ ar

si mul tan§ous lymesne?le(%:r%seaoﬁsti"crheg Teh’@o -I]s%%tttarcgng“i‘escterw.&h E}e. ﬁ@ﬁ%ﬁfetre 2002 -
i0 The circuit 109 fdemphpedabs déscridddlepoviamgsuehfedar ahdmdwaretesensor

bol omet er i s; selggled, C%Hﬁe{:%&r a1l € A DOLAnBE & o0 bQ?dﬁ%”EugﬂﬁmHgfseﬁll S0

sel ected. The outputs of the sensor and reference colum swtches 5,
135 are wirefiltect noffirrager efesristessr asitgh orssRptanceonl ettouthe? bkQYge
and a bias v geqMB,i S 1aPpl i ggack 9sg e oridag, as i .g. By
using thi s’;c%glr\t%k?gu?gt |non, apéem torgb?bilége ci rcgﬁ c%%pﬁigf E’Prlrggg St
moment adill y $%rwetlch4Bolendteatinniet~3Phdzar waycudisng &ysdarl Theame any

di ff erences pg{gve&\ge Fg(?lg?b(%%&e%gp penLead-out at the output of the

differential pre-anp ecause the thermal capacitance of the
reference bol onet Biguie 3dm: ahomse Wensortiot opet £hs, brielges nemmared ur e

ranps generafeghby BoLhchheosensorsapgder efrgeencachel aneher srarhdeardy the
same during the readout. te that the presence of slow varying incident IR
does not chafy@2fhe PESVSt drite RPRRIBY lPhem SRS 20 boForRtIGMRE t o
its |arge thaernaaltconglectsange-hebita nadvant égeousioteswiat s thBatpdder Dud put
vol t age Vout fg) m t he resistor bri(g etihs mai'enl% dae %o t he change of

resi stance RE° a?ﬁepéléfr%orlsooﬁj%‘?’ret rs Caudetf E/ haIFREIG8Nt I R 3 5% %t i on
wi t hout the sél thheatfagerféecesiskérsninrdee boidghi eve sel f-heating
compensation ef f eghi yehkseLheel eher aRceRghamelhib sl HAueHAAL Vel Y

| arge thermal conductance conpared to the detec . en a detector or
reference reBFifer d6olCHGANITS Yerpser Bt ar BoasTat EACAILOAIoM et ¥an be
30 descrigedsbyebqnee flesiidd NgeBOEROPRIL asrandoREpdrequal t 4 Z€E0. ad&id hi s
case, the soluytion |s%|?é}en Qé T(ﬂtﬁ%l = TBe,~t. (6? where TB 1s.the
t enper at ure 9PSEh&SHol Dr CHE HESETd DFHRRT r E8dott® pEFPSEOUSt SRR be
seen that thenthehmalrdduie is shown in Fig. 3(b). It can be clearly
seen that the voltage ramp observed in Fig. 3(a) mostly
I disappears. This is due to the fact that both bolometers

25 experienced the same temperature rise during the readout.

ON-CHIP COMPENSATION
A preferred FPA circuit configuration 100 with on-
chip compensation wusing a balanced resistor Dbridge
readout mechanism is illustrated in Fig. 4. The resistors
30 labeled Rp represent the resistances of the
microbolometers in the array. The reference bolometers
(Rref) with higher thermal conductance than the sensing
microbolometers are arranged in a row adjacent to the
sensor array.
35 As further shown in Figure 4, circuit 100 includes

an array of sensing microbolometers indicated by Rg



35constant T = H G determ nes the rate of cooling. 12°" Novenber 2002 -
11 Because there is only one row of reference resistors, while there is a
| ar ge number of sensing bolonmeter rows (NFoW in the chip, the cooling rate
of the reference resistors should be at |east be Nrow thpefgehdet 9bohan
that of the sensors. If the reference bol oneter has the sane thermal tine
constant as the sensors, it can not cool down conpletely within the row
readout period (tframe/NroW before it 9s biased again during the readout
of the next row of sensors. 10 ~ This can be overconme by reducing the
thermal timeiconaesht R2¢eRE r efr edce RN orkk er 52 LFRPRCEs RoHiompsE sy

i ncreasi ng tlhﬁiﬂdlaﬁ:l’d’mmﬁcﬂldkl.c'[m ofsidweof aiaereaceobab@ﬁeaerc% gEQ*J’urﬂi
m cr obol onet er the | ar gest SSI bl e val. l{e of 1|OES the onduct anc

when it is not- 15 i §8P5P&d ?rom?’ﬁ% substrat e rsm? |s%?at‘i iy thee
m cr obol onmretMIS EElbmsthisarnsubst r Bl @uaed keepiegy thesmst;oobdmrretm il gder mal

contact wit fedilife SUBSHALL 41 LRI g CONMAL Ind i S ned by the
menbr ane whi ch 1's usual éﬁa conposite ZGO I m of Si 02 an Sl 3N9 ayers.

Usi ng t he val ues e t ReRR&EPL cdﬁ’@a’étmtyata? Phe2Ghat 8PN EPE, SR HITml
conduct i vi tYS»Diftdl"helUBntlrsan@oN\@écMI mot ed ¢OrbespbeEing. 819 WK emy-

Consi dering g typical .area 0x5 nd .1 ~. mthick nenbrane,

val ue of G vébl%spt Fﬁﬁ%éaetro abo&PeZE)C??atSrffO Rk 98n IR of ere"’h%hd
the heat | osserdom cohpinet ebvytcsollatSedstod:@Mcetred stdeteranmetsoldiyg by
the radigti qplé osg 19 }Ehghf&ldf&pm fegording to the Stefan-Boltzman

Law, the thermal  conduct ance due to the Tadiation can be 30 obtained as
foll ows, r~aA~T(tThe - pytpats k) theTEaprae cplupg tshd tafiessi bilby,axe is

Stefan's cor@émct(éd%@ﬁ X MhehtWdHD) Kdidgd thaexpaseddaliseas ofp i
bol ometer and T the tenperature. 12" Novenber 2002 - 12 For the

di mensi ons oYOJc%g%oIVGrre‘t'é‘?%t dPBEySSEY E66¢E Ot Re PowENOBGunangs gl
t hermal conductwacerd.s aboid, lkHxlE1RMWdE olhese umoe:rhearﬂiariszybercdlmms of

G indic%%e tQﬁ%t@héeff{§”fgr£e§'fé&roP‘éﬁE§“%¥{§§LtJ¥¥h resistance Rg.

The reference bolometer resistances Rref are
individually connected to ground via a corresponding
reference selecting switch 125 such as the reference:
selecting MOSFET shown in Figure 4. Each resistor Rper is

20 also connected to a corresponding reference column switch
125.

The control input or gate of each reference
selecting switch 125 1is connected to Vpp. The control
input or gate of each reference column switch 135 is

25 connected to a corresponding bit of the X-shift register
120.

The outputs of the reference column switches 135 are
connected to the Wheatstone bridge. Thus, the selected
output of the reference column switches 135 form the last

30 leg of this bridge with resistance Ryer.

The multiplexing operation of the circuit 100 is
carried out in the following manner to select the sensor
and reference bolometers to form the Wheatstone bridge.
First, a row of the sensing array is selected using the

35 Y-shift register 110 and then a particular sensor and the
corresponding reference Dbolometer are simultaneously

selected using the X-shift register.



5 ti-me constant can be easily fabricated by controlling the di nension of
the nmenbrane attachnent to the substrate. In general, the attachnent area
of the reference bolometer to the substrate can be controlled relative to
the attachnment area of the sensing boloneter. To achi EVEZ{h%O"'Ie%%r deghred
sel f-conmpensation effect, the attachnent area of the reference bol oneter
shoul d be I arger than the attachnent areas of the sensing boloneter. The
test bol onmeters that have been fabri-catoed clearly show the possibility of
controlling the thermal 15 conductance in the desired range. In addition to
t he sel f-heati ngfloonpdnsatiitonl®@r iol eireedr a3 r dgscribeds absoepasseibl e to

apply this gieehni ghe, é%rse'f *},ee%té - 5?&9@ fonlgor s%l%'&@de bol,pgreter.

Singl e bol oneters are typical use cont act | ess
t her nonet ergsefefenge | He @W@b@rbéporﬁleersﬁ%e u@@blum@r léor@d@@saﬁlﬁﬁta%di n the

conventionath@r butphtshH dehe sbhebdeddd Oﬁéféﬁehe& dNtindnnf £ €fhes
radi ati on so t hat %he signal will not Iibe cancel ed wever, if a bol ometer
accordi ig tblhel? aéﬁ?ngérﬁg &P % lﬁﬂféﬁt’?%ﬁ?‘?%“‘iﬁl??%’eﬂtﬂﬁssﬁ@:hto

shi el di ng i@omb@mart)he Moredpar taedl ar | Ypiaisf acledgeence bel oappriead th
hi gher therpal conductance than gﬁxgwge{c}ﬁ ?%bo% oneter is utilized, the

sel f-heating cOFTecti on can be achi eve the ot herw se-necessary
shiel ding. 30 I mBYhigséage, thhe r gondighraffdonwo teherded isdonduchaibdes, Kk,

determ nes the-degr eanofpbLOoppeRsat hx%ﬂxe%'a%fll'ys &4 opgky dependandr opnt he
ratio of r#ead-out tine (thias) to the thermal tinme _constant (z) . For a

gi ven dfbl i Eagi BRF2YhEUEAPEMEMSSEN 0 %Tert'he?'%l dibheterept ebes8eean Ree

esti mat ed ba{naon,_sgfdeahng»et headedper afturtheC hangas die tioe therffoctdentl
infrared power Pr ay; gn ?gé heating using the follow ng equation: 12t"
November 2002794815+ ~agRo i z Ve t8) Typically, the conductance
rati o shoul d ran@ecbeﬁweetnhé_o tthe @0l depgrdiingnoe t bé sthengtbfefenhe

infrared po%ioﬂ?? Egas ysed; S0 the reads ougen§ Fhe iy g{geeotrg bei pget hus
described, It e obvi ous that “the sane be varied in neny ways.
Such vard at FBRBCERBUASt £EMBE r §aCAEdess &ébaﬂ¥u¥b f?Qﬁnt$@ﬁ§®¥r|?nﬁnd

scope of theekRY8ALEONLoABAleBdtsSUSReMOAEALCAt | PRE asamBUl dudsnyoukdebe
obvious to one skilled 10 in the art are intended to be included within the
scope of th&SFEPPEW ng cl ai ns.

Note that the presence of slow varying incident IR
does not change the resistance Ryer ©0f the reference

20 bolometer due to its large thermal conductance. The
advantageous result is that the output voltage Vout from
the resistor bridge is mainly due to the change of
resistance Rs of the sensor bolometers caused by the
incident IR radiation without the self-heating effects.

25 In order to achieve self-heating compensation
effectively, the reference bolometers must have
relatively large thermal conductance compared to the
detectors. When a detector or reference resistor cools
down its temperature as a function of time can be

30 described by Egn. 1 setting both Ppias and Prag equal to

zero. In this case, the solution is given by

T(t) = T,e (6)

where T is the temperature of the bolometer at the end of
the readout period. It can be seen that the thermal time

35 constant T = H/G determines the rate of cooling.



12" " Novenber. 2002 - 14 1 2 3456 7 89 10 11 12 13 CLAIMS 1. A nethod
effects of a b< receiving receiving boloneter, nmeasuring the IR radiation
by conparing a resistance of the sensing bol oneter against a resistance of
the reference boloneter, wherein the reference bol onet efjohag8mbBebHad
conductance sufficiently greater than a thernmal conductance of the sensing
bol oneter to conpensate for the self-heating effect in the sensing

bol onet er caused by said neasuring step.i of conpensating for the

sel f-heating >l oneter, conprising the steps of: IR radiation with a sensing
bol ometer, the | Readisti omheirth aisef en@yce dn@. THow medhod megorslidy to

claim 1, le%l q_ﬁ]to Vi islteep%geqf%el gl ng_ I Rl% d| atl or dur| hg 3 r eadout

i nterval. et hod "according to Scl@im sai ¢ rreasurl ng s%letb
i ncl udi ng t o lsmasaf e@pt yithgeh BnbEhs Qbhpagéhpulc%lwg‘t lre tsersi mghand
reference 4 holomi&srs iy idih:a FeadRuly i Bleryal . 1dade The ngthod agcor ding

row

to clai rréz, further conprisi ng 2 the step of: 3 adjusting the relative
thermal condititficestA™ t hendt ePEr ehibE aﬁ8“§8ﬁ§| ng ol erefqrencape

met hod accorshingndtoecl aias 4,tHeur sheke 2thempailsi ogméhecsispant: Ssattmehi ng

the ref erencseenasncgr senslcng: nolrg)rr@tgvrs t% % a sub rate Wi tE fir and second
attachment areas, respecti ve % sai’d de% esjt%pwf‘ Bf‘ﬁdist%’ge tha"

subst ep of ety Igargqme (trfnrsmedﬁdowésecmﬂoaeta(mmm higasdsuedain
Iduring the readout of the next row of sensors.

10 This can be overcome by reducing the thermal time
constant of the réference bolometers. This is-achieved
by increasing the thermal conductance of the reference
bolometers. For a microbolometer, the largest possible
value of 1its thermal conductance 1is when it 1is not

15 isolated from the substrate.

By not isolating the microbolometer from the
substrate and keeping the microbolometer in thermal
contact with the substrate, the thermal conductivity is
determined by the membrane which is usually a composite

20 film of SiO; and Sis3Ng layers. Using the values of thermal
conductivity of these materials, the thermal conductivity
of the membrane was estimated to be about 0.014 W/K.cm.
Considering a typical area of 50x50 Mmz and 1 Mm thick
membrane, the value of G was estimated to be about

25  3.5x107° W/K.

On the other hand, the heat loss of a completely
isolated bolometer is determined solely by the radiation
loss to the environment. According to the Stefan—~Boltzman
Law, the thermal conductance due to the radiation can be

30 obtained as follows,

_ 'r]cs'A{T(t)4 —T:}
T =T,

(7)

where N is the emissivity, O is Stefan's constant (5.6703

X 107% (W/m*)K' , A the exposed area of the bolometer and T
the temperature.



12°" Novenber 2002 - 15 8 that the first attachnment area is larger than
the 9 second attachnent area. 1 6. A self-heating conpensated bol oneter
array, 2 conprising: 3 an array of sensing boloneters, 4 a row of reference
bol oneters arranged adjacent to 5 said array of sensing;pPoNgi&heéS2062 sai d
reference boloneters having a larger thermal 7 conductance than a thermnal
conduct ance of said sensing 8 boloneters, 9 neans for selecting one of said
sensi ng bol oneters 10 and one of said reference boloneters, 11 a \Weat stone
bridge circuit biased by a voltage 12 pul se during a readout interval, said

Wheat st one bridge-dl3 ciggui f;hBgkydhBg bwo reker eRaemeesi St Orcﬁsc?hssech
resi stance 14 of the selected sensing boloneter and a resistance of e 15

sel ected ref&Q¥Wifoe BHCoNEPYRT 1b9u“¢hé”§eFpeheéP?ﬁ@aéoﬁﬁéﬁé%ﬁ%ﬁp%%ldﬁ%ter

array 2 accomdutg tosshairtn G/k3 sehédsar r\fppecxf saasnmé&pl aneiieks bacladi ng
only one 4 r.ov

of éengbn bol onEtersC s t sel f - heat i n% ﬁo ensat ed
bol onet er affhf‘fiacc 8 ng' t 6°¢cFEFITS rf §§|3’ rV%&h ©§8&R§ et er s
i ncl udi ng abﬁmﬂlnqn$¢qnbfcaomseoéasedslﬁgbbabamBﬁehy cbr&rollledng the
sel f - heal | ngyGRIMENSA! 68 ROIOTRLAD #hE A% t2-RRRARE N0 LenE! BGyratesal d

sel ecting neans sequentially s I Vi one of sai d sensing
bol oneters aid a9Snesftespditth ng2bhacbmeshi d areéfer etEe BHEonmetaference .

The sel f - headd g @€ Cobdiche téhhfélﬂlafﬂeﬁ,c&\ spkdcBheabstiene 2 aditifver epd i al

amplifier. c ensat ed bo] onet er bridge circuit .inclu
P qﬂ? attachment area o e sensing b iomete (%o aékleve

10 ’ the desired self—compensation effect, the attachment area
of the reference bolometer should be larger than the
attachment areas of the sensing bolometer.

The test bolometers that have been fabricated
clearly show the possibility of controlling the thermal

15 conductance in the desired range.

In addition to the self-heating compensation for
bolometer arrays, it is also possible to apply this
technique for self-heating compensation for a single
bolometer. Single bolometers are typically used in, for

20 example, contactless thermometers. If an identical
bolometer is used for compensation as in the conventional
art, it should be shielded from the incident infrared
radiation so that the signal will not be canceled.

| However, if a bolometer according to the teachings

25 of this invention is wutilized no such shielding 1is
necessary. More particularly, if a reference bolometer
with higher thermal conductance than the sensing
bolometer is utilized, the self-heating correction can be
achieved without the otherwise-necessary shielding.

30 In this case, the ratio of the two thermal
conductances, k, determines the degree of compensation

which is strongly dependent on the ratio of read-out time

(tbias) to the thermal time constant (¢). For a given
application, the optimum ratio of thermal conductances
35 can be estimated by considering the temperature changes
due to the incident infrared power Praq and self-heating

using the following equation:



12" ": Novenber. 2002 - 16 1 11. A nethod of fabricating a self-heating
conpensated 2 contactless thernoneter that does not require a covering 3
for a reference bol oneter, conprising the steps of: 4 fabricating a sensing
bol onmeter on a substrate, 5 fabricating a reference bol t

substrate 6 having a thermal conductance that is Iargerq?ﬁgﬁﬁg e%%??%a
conduct ance of the sensing boloneter, and 8 disposing the substrate in a
thermonmeter housing. 1 12. The nethod agcarding to claim1l, 2 said
fabricating steps controlling the thermal 3 conductances of the reference
and sensing bolonmeters b cqoatrolling a degree of thermal contact of the
reference 5 boloqptgﬁﬂﬁgl thel substrate relative to a degree gf, 6 thermal
contact of the sensingvpollogeter with the 7 substrate. 1 13. A nethod of
conpensating for the self-heating 2 effects of a focal plane array of

sensi ng bol onet ens,pid00Pr i SkRE t heorsdebsarie 4rhabbi calidgn @ e
reference bol onet ers _havi ng gpﬁ tgernal conductance that is |larger than a
en g

thermal 6 c&fdi&Shcd %f 8 BPBRELRTs, O iotHEnHe r &F ofthe
reference bdniretresss ppjeac earid S ilas thed qeal tleaneaat—Haay .of sensi ng
bol oneters, 9 sequentially neasuri a resjistance change aqf each .10 ,sensing
bol onet e‘f’ agai ns;':![lf"éa colrnrve%nptolr? I néog(;l%eq oft?}ul'?e Srcgflg’F fice ol & ler sb.e 1 14.
The met hod atodradisngtitat ckhemsaBe nagailde f abriedt iing retrgp eansr ol [Suh t he
reference 3 hgloBtels S,FONdUEt ansenby eoathghl I0 Gegedt 8fe Of 4! |
contact w t-h aﬁﬂun efiy?ng substrate. 1 %5” The netﬁ%% accéﬁd%ﬁgmtgggggim
13, further Yt si ARd2 I5OPSt epPof | tBef aBMVEALLRG t hedFdcaPlpl ard @t r ay
]g)f Slensi ng Qndwﬂﬂlra%tftqrcﬁm as'l-ztfzé'%ﬂlﬂ)vﬁﬁbﬁbuZQOBe-oﬂﬁioﬁlsls@bd cfr%bréleia]éiétg the
ocal plane arr of .sensing 6 ters step contr.qll.ing,.the conductance
of eachL8" satbi THE BT otk e FBSPE 151 11 i b e i e o it et
w th an underteyifrg Isavhistg atlaisnech that the 9 thermal conductance of each
sensi ng bol oneter is | ower



10 t-han the thermal conductance of each reference boloneter. 1 16. The
met'hod according to claim 13, 2 said sequentially measuring step addressing
the row 3 'of reference bol oneters once during the readout of .each 4 row of
the focal plane array of sensing boloneters. 1 17. A fogah \J\aRpeAhbHBY
architecture for selecting 2 reference boloneters to conpensate for
self-heating 3 effects of a m croboloneter array, conprising: 4 an array of
switching el ements wherein each row of g said array of switching el enents
is commonly controlled 6 by a row seledf §i gnal, 7 wherein each switching
el ement in Siig&tlgray of 8 switching elenments provides a controlled
connecti on etween a correspondi ng resi stance of the m crobol oneter 10
array and ground, 11 neans for sequentially supplying the row select 12
signals to each row of said array of switching elenents, 13 a row of
referencké bdi-omefer S'eOd sefisi FPMHSHE "Gonnfedt edt 89 asSBildshesittiage and
to 15 a sel et Ofa IR 1bnaiar enmpalATRf ahe Fepys YE:sel ected one of

the m crgbol oneter array el nts, .17 sai.d . sensing.circuit detecting a
change in 18 resi$t4nce of It%ﬂgras%aetdtoéﬁ "‘Fﬁcté} (?o(ﬁed%@t“egr %%oéﬁfiﬁrérrent 19 due
to infrated radi atdciving denhet hefRon,rashiertdion sawiitB0 sel eclede reaicer ence
bol omret eg cqupensatgs for self-heating 21 effects in the sel ected

m cobol onet er "array €lenent, 22 a plurality of sensor columm switches
sequenti @l |y 23 dwampting dee rEBpbadiagiedl kimsowparheInpecrisdlsdmmcer 24
array to7sgidgk sepgl NdefkiAYi tho Pomét £F UrR}d s tof af ebes enegened! Wi swd ches
26 sequentially connecting a correspondi ng reference 12" Novenber 2002 -
18 27 b8l on‘%ﬁé’rqrbcesé?cal%"s?ﬁg circuit during a readout 28 interval, 29
means fop sequenttedde/isupphyi ngecelremaes eleciond(eai gnads t e saihtrserisor
and reference colum swtch 1.1 The | an ray .architecture
accor di ?18 to chchi%ianﬁlcl%, Vﬁgf%}#%‘gﬁ%_ re%gggkgg bo?gﬁéter ahasr%z?el%gnragtgier 3

t her mal ldondzmidincandmnod thlee nslensdmduchaherebér edch dompen sdoe orfstier
array ehementpe 1549+ fhgfiagale fHane anr anearsdid fed Upg18meeEdi RA YL L
claiml/, 3 said sensing circuit including a differential 4 anplifier for
anpl i fyitdg the SR esrsi@nte®Rhange. 1 20. The focal plane array
architecture according to 2 claim1l7, 3 said sensing circuit including a
Wheat st one bz dgerTHe chéthibdl £otdiglmat tonchamng, two resi stors of equal

2 said receiving steps receiving IR radiation during a

3 readout 1nterval.

1 3. The method according to claim 1,

2 said measuring step including the step of applying a

3 bias voltage ©pulse to the sensing and reference
l 4 bolometers during a readout interval.

1 4. The method according to claim 2, further comprising

2 the step of:

3 adjusting the relative thermal conductances of the

4 reference and sensing bolometers.

1 5. The method according to claim 4, further

2 comprising the step of:

3 attaching the reference and sensing bolometers to

4 a substrate with first and second attachment areas,

5 respectively,

6 said adjusting step 1including the substep of

7 controlling the first and second attachment areas such
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1 7. The self-heating compensated bolometer array
2 according to claim 6,

3 said array of sensing bolometers including only one
4 row of sensing bolometers.

1 8. The self-heating compensated bolometer array
2 according to claim 6, ‘

3 said array of sensing bolometers including a
4 plurality of rows of sensing bolometers.

1 9. The self-heating compensated bolometer array
2 according to claim 6,

3 said selecting means sequentially selecting an
4 individual one of said sensing bolometers and a
5 corresponding one of said reference bolometers.

1 10. The self-heating compensated bolometer array
2 according to claim 6,

3 said Wheatstone bridge circuit including a
4 differential amplifier.



10m. 10nf #=10%r&' ()-! f#109B8& ()-#!'f#10% )& ()-# f#10%m& ()-# n

AedY: ! @ &10%&' () - CRIOYR ()- !!; &10%&' () - ! F10%&Z&' () -

Y@ 0%Z& ()-&10%& ()-M  ({;

wUBdY: ! | +g#10%Z&' ()-4!'\&10%&' ()-"!!as&l0%& ()-"!!S &10%*% Novérhderld@S& () -
11&10% & ()-"!;}oP1 YAOUES ()-FZ10%& ()- 10 10

10! }| +g#109& ()-4!t | +g#109&' ()-4!| +g#10%& () - 4dEoP1 Y@ 0% 10%3& ()-$

10968 () - 10938 ()- 1093 ()-&s10%& (¥-1410%=%' ()-}"?0P1

Y@y 310%G& ()-cl $109%38 () -1 & 11098 ()-!1& ! 109& ()-910%3& ()-210%3& () - Kr st

uwi [ML Y@y 3 10GG 10GG 10GG fy5 10%6G& ()-! @& 10%3G& ()-P ! @ 10%GG&' ()-P

!@& 109%3G& 1}~ P dv\metdiid of fabricating a self-heating compensated
I*L"10%u- u » 109 1\ 1" 30%u 0

| @0% u& ()-é‘?%'gft%(); é%? YSML e W&%%&Q(%égséééo%wﬁl% 3 covering

#$94 09%PpP& Epr a41od@uEnEr- RRO9ERESE) - comprigingst - a&em Pm $94.0% 10uu

10uu 10un! t x* $%4 @%Wu&ch)ihpSHd 0UENG) bbl ohetBYILE &) sLDEVEAVEY{u& ()-b

11 < 0 L
H Nﬂ L %Lbr&ca {ng a reference bolometer on the substrate

6 having a thermal comnductance that 1is 1larger than a

7 thermal conductance of the sensing bolometer, and

8 disposing the substrate in a thermometer housing.

1 12. The method according to claim 11,

2 said fabricating steps <controlling the thermal

3 conductances of the reference and sensing bolometers by

4 controlling a degree of thermal contact of the reference

5 bolometer with the substrate relative to a degree of

6 thermal contact of the sensing bolometer with the

7 substrate.

1 13. A method of compensating for the self-heating

2 effects of a focal plane array of sensing bolometers,

3 comprising the steps of:

4 fabricating a row of reference bolometers having a

5 thermal conductance that 1is larger than a thermal

6 conductance of sensing bolometers,

7 disposing the row of reference bolometers adjacent

8 to the focal plane array of sensing bolometers,

9 sequentially measuring a resistance change of each
10 sensing bolometer against a corresponding one of the
11 reference bolometers.

1 14. The method according to claim 13,

2 said fabricating step <controlling the reference

3 bolometer's conductance by controlling a degree of

4 thermal contact with an underlying substrate.

1 15. The method according to claim 13, further comprising

2 the step of:

3 fabricating the focal plane array of sensing

4 bolometers,
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10 array and ground,

11 means for sequentially supplying the row select
12 signals to each row of said array of switching elements,
13 a row of reference bolometers,

14 a sensing circuit connected to a bias voltage and to
15 a selected one of said reference bolometers and a
ie selected one of the microbolometer array elements,

17 said sensing circuit detecting a change in
18 resistance of the selected microbolometer array element
19 due to infrared radiation incident thereon, wherein said
20 selected reference bolometer compensates for self-heating
21 effects in the selected micobolometer array element,

22 a plurality of sensor column switches sequentially
23 connecting corresponding columns of the microbolometer
24 array to said sensing circuit,

25 a plurality of reference column switches

26 sequentially connecting a corresponding reference
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