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1 Intr oduction

A commonmethodto help characterisecryogenicsemiconductorbolometersis to take
“load curves” – measurementsof the bolometervoltageasa function of current. This
documentexplainswhat measurementsare usually made,how they are usedto obtain
informationonthebolometers,andmentionssomecommonmisconceptions.In particular
my aimis to pointouthow simplemodellingabolometerin thiswayreallyis,eventhough
this is not alwaysevident. I do not intendto go into any areain greatdetail,sincethis is
availableelsewhere.Instead,I will concentrateon thegeneralprinciples,someof which
arenot madeparticularlyclearin theusualworks.Furtherreadingis suggestedin Box 4.

The resultsfrom modellingcanalsobe usedto predict the noiseperformanceof a
bolometer[1]; this is somewhatmorecomplex andis not discussedhere.For complete-
ness,footnotesgive moredetailedinformationon varioustopics,andfor mostpurposes
canbesafelyignored.

2 De�nitions and assumptions

We considera bolometerto be a very simpledevice, shown schematicallyin Fig. 1. It
consistsof anabsorberat temperatureT which is weaklythermallylinkedto a heatsink
at temperatureT0. We shall generallydescribeT0 asthe stage temperature,sincewhen
doing measurementsit correspondsto the cold stageof the fridge we are using1. We

1In practisetherewill beasmallthermalgradientbetweenthethermometeron thefridgecoldstageand
theheatsinkof thebolometeritself. This is generallytoosmallto worry about.

1



Figure1: Idealbolometerschematic

Box 1

Departuresfrom theassumptionsmadein this documentasoftenknown as“non-ohmic”
effects,andgenerallyseemto fall into two types.
Electric�eld effectsoccurwhenthebolometerresistanceis a functionof voltageaswell
astemperature(R = R(T; V)).
Somebolometersalso exhibit electron-phonondecoupling. This is an effect in which
thereis a�nite thermalconductancebetweentheelectronsandthephononsin theresistor.
Although not fully understood,it canbe modelledwell by treatingthemasphysically
separatecomponentsseparatedby a thermalconductancewhich variesasa power-law
with temperature.
If non-ohmiceffectsarepresent,thenmany of theconclusionsin this documentarenot
true. However, the idealbolometermodelcanbeextendedto includetheseeffects. For
resultsobtainedwithout usingthemodel,it is oftenpossibleto �nd areasin which these
effectsarenegligible andto still obtainvalid results.

usuallycall theabsorbertemperature,T, thebolometertemperature.We assumethatwe
canwrite the thermalconductanceof the weak thermallink asG(T) (note that is is a
functionof temperature).This is usuallyaverygoodassumption,unlesselectron-phonon
decouplingis present(seeBox 1) 2.

Attachedto theabsorberis a resistor;we usethefactthattheresistancechangeswith
temperatureto determinethe absorbertemperature.We assumethat we can write the
resistanceasR(T); in otherwords,it dependson temperaturealone. This doesn't have
to be the case(seeBox 1). Therearetwo sourcesof power dissipatedin thebolometer
absorber. Electricalpower from theresistor, P, is just VI whereV is thevoltageacross
thebolometerandI is thecurrentthroughit. Theremayalsobeincident“optical” (sub-
mm)power, whichwecall Q here.Wealsomaketheassumptionthatbothtypesof power
haveexactly thesameeffecton thebolometer3.

As well as the assumptionsdescribedabove, the ideal thermal modelassumesthe

2It is not necessarilythecase;while any singlematerialwill have a conductanceof theform G(T), the
link maybeformedby two sectionsin seriesor parallel.Thermalconductancecanalsodependonquantities
otherthantemperature,suchasmagnetic�elds.

3This neednot bethecaseif electron-phonondecouplingis present(Box 1), sincetheelectricalpower
heatstheelectronsin thethermometer, andopticalpowerheatsthelattice.
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Box 2 List of terms

Term De�nition Alter nativename Section
T bolometerabsorbertemperature bolometertemperature 2
T0 bolometerheatsink temperature stagetemperature 2

G(T) thermalconductanceof bolometer 2
thermallink

R(T) bolometerresistorresistance bolometerresistance 2
P bolometerresistorelectricalpower 2
V voltageacrossbolometerresistor 2
I currentthroughbolometerresistor 2

Go Thermalmodelparameter(eq.1) 2
� Thermalmodelparameter(eq.1) 2
R� Thermalmodelparameter(eq.2) R0 2
Tg� Thermalmodelparameter(eq.2) � , T0 2
m Thermalmodelparameter(eq.2) 2
R0 Zerobiasresistance 3.1
Q opticalpowerabsorbedby bolometer 4
T0 Equivalentstagetemperature 4.2

for opticalpowerQ

following:
– Thethermalconductancefollowsapowerlaw, i.e.

G(T) = GoT � (1)

– Thethermistorresistancefollows thefollowing equation:

R = R� exp

 � Tg

T

� m !

(2)

Theseassumptionsareboth basedon physicalprinciples,and in practisearegenerally
appropriate.The parametersGo, � , R� , Tg andm areconstant,andthe aim is to deter-
mine theseparametersfor a givenbolometer. We canthenusethe modelto predictthe
bolometervoltagefor any biascurrentandabsorbedoptical power. DeterminingGo is
alsousefulbecauseit is usuallyadesigngoal.

It is usuallyassumedthat m = 0:5. This is not necessarilyso but is often a good
assumption[2].

Notethatnoteverybodyusesthesameterminologyfor theresistance:R � is sometimes
calledR0, andTg maybecalled� or T0. A list of termsusedin thisdocumentis givenin
Box 2.

3 Using the model

Thegamewith theidealbolometermodelis to �t “load curves”; thesearemeasurements
of thebolometer4 voltageasafunctionof current.Generallywemakesuchmeasurements

4To bepedantic,they aremeasurementsof thebolometerresistorvoltage.

3



Figure 2: An exampleof load curve measurements.Dif ferent symbolscorrespondto
differentstagetemperaturesasshown (the bolometeris HFI CQM 100 GHz SWB S/N
07).

Figure3: The load curvesfrom Fig. 2, plottedascurrentvs resistance.The solid lines
show thechosenvaluesfor thezerobiasresistance.

at variousstagetemperatures,to obtaina family of loadcurves.An exampleis shown in
Fig. 2. For clarity, notall themeasurementsareshown.

3.1 R(T)

Therearetwo stagesto usingthemodel.The�rst is to determineR(T), usingequation2.
SincewehaveplottedV asafunctionof I , wecanobtainR from thegradientof theplots
in Figure2. However, it is clear that the gradientis not constant,andindeedbecomes
negative for someof themeasurements.This is becauseasthebiascurrentincreases,the
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Figure4: Plot usedto determinebolometerresistanceasa functionof temperature.Solid
pointsaremeasureddata;theline is a leastsquares�t.

bolometerheatsup, reducingthe resistance.This complicatesusingthe bolometer, but
at this stageit just meansthatwe have to make surewe usethestartof eachloadcurve
wheretheresistanceis constant.It doesmeanwehaveto useourjudgementonhow much
of theloadcurveto use.Mostpeopleseemto preferto look atV asafunctionof I to spot
thepoint at which thecurve deviatesfrom a straightline. I preferto plot R = V=I on a
log scale,sinceit makesit mucheasierto seehow muchof theloadcurve we cansafely
use;anexampleis shown in Fig. 3.

Wecannow plot thezerobiasresistance(R0) asa functionof temperature.If weplot
log(R0) asa functionof 1=

p
T0 (Fig. 4) thenthegradientandoffsetof a linear�t giveus

Tg andR� , assumingthatm = 0:5. We shouldalwayslook at the�t residualsto seethat
thisvalueof m is applicable.If not,wecandoanon-linear�t to obtainthebest�t values
of m, R� andTg. Most peoplejust look at theresultsin theform of Fig. 4; however, it is
muchharderto seedeparturesfrom m = 0:5 [2].

In principleall thermistorsdicedfrom thesamewafershouldhave thesamevalueof
Tg, thoughin practiseoneseessomevariation. The valueof R � will dependon the di-
mensions.Notethatsinceit is log(R� ) thatappearsin equation2, relatively largechanges
in R� have little effect. Thevalueof R� alsodependsstronglyon the�tted valueof Tg.

3.2 G(T) - method1

Now we just have to �nd Go and� . This is thepoint at which theequationscanstartto
look complicated.But what'sgoingon is verysimple.Wearejustmeasuringthethermal
conductanceof a“sample”(Fig. 5), justaswemightmeasurethethermalconductanceof,
say, a pieceof TorlonR
 to beusedin aninstrument.We have oneendwhich is heatsunk
at a chosentemperature(T0); theotherendhasa heateranda thermometer. We heatup
oneend,andcancalculatetheconductancefrom thetemperatureriseandpowerapplied.
Theonly differencehereis that insteadof a separateheaterandthermometer, we usethe
biasheatingfrom thethermometerto heatthesample.
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Figure5: Layoutusedto measurethethermalconductanceof amaterialsample.

Figure6: Measurementsfrom Fig. 2, plottedaspowervs temperature.

If the thermalconductance,G, wasconstant,thenwe couldsimply write (by de�ni-
tion):

P = G� T; (6)

where� T is thetemperaturedifferenceacrossoursample.Moregenerally, wecanwrite

P =
Z T

T0

G:dT: (7)

Sincewehaveassumedequation1, wecanwrite this5 as

P =
Go

� + 1

�
T � +1 � T � +1

0

�
: (8)

Wecannow doanon-linear�t to P asafunctionof T to obtainbothGo and� (seeFig.6).
WecanalsoincludeT0 asa �t parameterif wearen't sureof ourstagetemperatures.

5This is not theform mostpeopleuse– seeBox 3.
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Box 3

It is customaryto replaceequation1 with

G = Gso

� T
T0

� �

: (3)

We then�nd that

Go =
Gso

T �
0

(4)

and

P =
GsoT0

� + 1

 � T
T0

� � +1

� 1

!

: (5)

I don't �nd thisespeciallyhelpfulasonethenhasto allow for Gso beinga functionof T0,
whichcanbeanuisance,andI believeit alsomakestheequationslook unnecessarilymore
complicated.Likewisepeoplesometimeswork with theparameter� = T=T0 insteadof
T.

Now, to dothis,wedon't needto worry aboutthefactthattheheatis actuallycoming
from theresistorwe areusingto measuretemperature.Power is just givenby P = VI ,
and we can measureboth V and I . Likewise, the temperatureis just given from the
resistance(R = V=I ) andequation2. It is customaryto plot the resultsfrom �ts using
equation8 in termsof currentandvolts,ratherthanpowerandtemperature,but the�tting
is still ultimatelyto powervs temperature6.

Thinkingof the�tting in termsof voltageandcurrentcanleadto misconceptions,with
probablythemostpopularbeingthatin orderto constrain� andGo, it is necessaryfor the
datato includethe“downturn” in theloadcurves(seeFig. 2). Sincethereis nodownturn
in aplot of powervstemperature,it can't matteratall. Whatwedoneedis a largeenough
currentto make thebolometertemperaturecovera usefulrange.

3.3 Applying the model

Sonow wehave theparametersR� , Tg, m, Go and� . Assumingthatthemodelproduced
good�ts, wecannow predictthebolometervoltageasafunctionof current.Westartwith
anappropriatetemperaturerange,anduseequation8 to give thecorrespondingpowers.

6In a similar manner, if doing a conventionalthermalconductancemeasurementas in Fig. 5 usinga
separateheaterandthermometer, we could plot the resultsin termsof the currentthroughthe heaterand
voltageacrosstheresistormeasuringtemperature.But we probablywouldn't.
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Figure7: Measurementsfrom Fig. 2, alsoshowing �ts usingthethermalmodel.

Figure8: Measuredloadcurvesandthermalmodel�ts for anotherbolometer(HFI CQM
857GHzSWB S/N01).

Wecanthengetresistancefrom equation2, enablingusto calculate7

V =
p

PR (10)

7Puttingequations10,8 and2 together, wecanwrite

V =

s
Go

� + 1

�
T � +1 � T � +1

0

�
R� exp

��
Tg

T

� m �
; (9)

which makesthe model look terribly complex. However, sincewe have determinedR � andTg already,
thesearen't �t parameters,andwemightaswell removethemfrom theequationbeforecarryingout the�t.
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Figure9: Valuesof thethermalmodelparameter� asa functionof stagetemperaturefor
thedatain Fig 8.

and

I =

s
P
R

: (11)

Notethatsincethisisaparametricequation,if wewantvoltagemeasurementsatparticular
valuesof current,ratherthanthevaluesthatwe endup with for thechosenvaluesof T,
we'll have to either interpolate,or usean iterative technique.This is rarely necessary,
however.

The�ts in Fig.7show verygoodagreementwith themeasurements.Thisis notalways
thecase.Theculpritsareusuallynon-ohmiceffects(Box 1).

Thereis a subtletythough. It is usual to carry out separatethermalmodel �ts to
eachload curve. One can then �nd good looking �ts, but with valuesof � that vary
systematicallyby a signi�cant amountfrom load curve to load curve. This is not in
agreementwith the thermalmodel,since� is supposedto be a constant.An (extreme)
exampleis givenin Figs8 & 9. While the�ts look good,thevalueof � varieswildly with
temperature.This is telling us that the thermalmodel is not working well8. We should
thereforebeverycautiousaboutapplyingthethermalmodel,andindeedfor temperatures
otherthanthosemeasured,it isn't even obvious what valueof � we shouldadopt. We
needto usea moresophisticatedmodelandattemptto includeeitherelectric�eld effects
or electron-phonondecouplingandseeif theseimprovematters.

An alternative approachto theconventionaltwo-stepmethodoutlinedherewould be
to �t eachload curve with R� andTg asadjustableparametersaswell asGo and� . It
is impracticalto constraintheseparameterswell enoughfrom a single load curve [3].
However, it canbedoneif a �t is carriedout simultaneouslyto a setof loadcurves.This
methodhastheadvantageof not requiringany judgementasto how to determinethezero
biasresistance.However, it will suffer if non-ohmiceffectsarepresent,unlessthey are
alsoeffectively includedvia extra �tting parameters.Thismethodmightevenbeusefulif

8Anotherclueis that� turnsout to beafunctionof thebiasrangeoverwhichthebolometeris measured
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Figure10: Measurementsfrom Fig 2, plottedasG = dP=dT asa functionof bolometer
temperature.

Figure11: 100mK loadcurve from Fig. 8 andthermalmodel�t, plottedin G(T) space.

theopticalpower is unknown.

3.4 G(T) - method2

The methodsdescribedabove are the traditional way to model bolometers. However,
thereis analternativemethodof deriving G(T), solong asyou arepreparedto do a little
numericaldifferentiation.We canre-writeequation7 as

G =
dP
dT

: (12)

We canthenplot G asa functionof T for eachloadcurve, andobtainGo and� from a
simplepower-law �t. As always,onehasto becarefulwhendifferentiatingrealdata,and
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somesmoothingto remove noisemay be necessary. Anotherproblemis that the noise
will blow upfor thesectionwhereT is barelychangingbecausethebiaspower isn't large
enoughto causesigni�cant self-heating.It is thereforenecessaryto excludethis partof
theloadcurve from the�ts. For this reason,it canbeeasierto do �ts usingthetraditional
method.

However, it is still veryusefulto plot thedatain this form, sinceit is anexcellentway
of comparingdifferentloadcurves.SinceG(T) dependsonly on thebolometertempera-
ture,measurementsfrom differentloadcurvesshouldfall on thesamecurve. Deviations
tell you eitherthat themodelisn't working properly, or that thereis a problemwith the
measurements.Generally, failuresof themodel(electric�eld effectsor electronphonon
decoupling)manifestthemselvesasa down-turn of G(T) at the lower temperatureend
of eachloadcurve. Otherdiscrepanciesareusuallymeasurementproblems.An example
is shown in Fig. 10. Fromthis it canbeseeninstantlythat thedifferentloadcurvesare
generallyin verygoodagreement,but thereis ahint of deviationat thelower temperature
endof eachloadcurve for thelowerstagetemperatures.Comparethis to Fig. 2, whereit
would takeavery trainedeye to beableto seeif thedifferentloadcurveswereconsistent
with eachother.

Theusefulnessdoesn't endhere. The100mK loadcurve from Fig 8 looksasif the
thermalmodel�t is quitegood.But if thesamedataand�t is plottedasG(T) (Fig. 11),
wecanseethatthe�t is actuallyverypoor, eventhoughit lookedquitegoodwhenviewed
in voltage-currentspace.We shouldthereforetreatanythingobtainedfrom themodelfor
this bolometerwith suspicion.In particular, the valueof Go is not going to be the true
thermalconductance.

This is alsoa very usefulmethodof comparingloadcurvestakenwith different(and
evenunknown) optical power. Sincewe areplotting G = dP=dT, any optical power is
constantandthereforedoesn't affect thevalueweobtain.Soagroupof loadcurvestaken
at arbitraryoptical power andstagetemperatureshouldall overlap. This is particularly
usefulwhencomparingloadcurvestakenin two differentsystems,sincethey differences
in thermometryarelikely to meanthatevenif anattemptis madeto makemeasurements
at the sametemperatures,this will not be the case. With this method,not only do we
not needmeasurementsat thesametemperatures,we don't evenneedto know what the
temperaturesare9.

4 Optical power

Sofar we haveonly touchedon whathappenswith opticalpowerpresent.Obviously our
modellingis notgoingto beveryusefulunlesswecanincludethis. Thissectiondiscusses
how thevariousmethodsaboveareaffectedby thepresenceof opticalpower.

4.1 R(T)

Any opticalpower will raisethebolometertemperatureabove theheatsink temperature
even at zerobias. Thereforeit becomesmuchharderto determineR(T), and it is best
to usemeasurementstakenwith negligible opticalpower. Sincetheeffect of power will

9We haveto believethetemperaturesin onesystemin orderto deriveR(T), though
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dependonG, whichin turndependsonstagetemperature,in principleit wouldbepossible
to obtainan expressionfor R(T) by including the optical power asa �t parameter. In
practiseit is noteasyto getaccuratevaluesthisway.

4.2 G(T)

As hasbeenmentionedbefore,addingoptical power makesno differenceto valuesfor
G(T), so plots of G(T) = dP=dT canbe usedasbefore. If using �ts to the thermal
model,theadditionof opticalpower, Q, changesequation7 to

P =
Z T

T0

G:dT � Q; (13)

andequation8 to

P =
Go

� + 1

�
T � +1 � T � +1

0

�
� Q: (14)

We canthendo a non-linear�t including Q canasa �t parameter. However, we must
thensupplya valuefor T0 – we can't include it asa �t parameter, sinceT0 andQ are
degenerate.In fact it is a basicprinciple thatanoptical loadhasexactly thesameeffect
asachangein stagetemperature10.

Wecanseethis if wede�ne T 0suchthat

Q =
Z T 0

T0

G(T):dT: (15)

Thenwecanrewrite equation13 as

Q + P =
Z T

T0

G(T):dT =
Z T 0

T0

G(T):dT +
Z T

T 0
G(T):dT (16)

andthus

P =
Z T

T 0
G(T):dT: (17)

Comparingwith equation7, we canseethat a �nite Q is just the sameasQ = 0 and
T replacedwith T0. Onceconsequenceof this is thatwe canobtaina valuefor Q from
thebolometertemperatureat zerobiaswithout needinga full loadcurve. Note that this
conclusiondoesnot dependon G(T) having the power-law form assumedin the ideal
thermalmodel.

Within thethermalmodel,wecanthenrewrite equation15as

Q =
Go

� + 1

�
T0� +1 � T � +1

0

�
; (18)

andthus

T0 =

 
(� + 1) Q

Go
+ T � +1

0

! 1
� +1

: (19)
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Figure12: Differencein opticalpower for loadcurvestakenwith 77 K and300K black-
bodyloadsat100mK stagetemperature(thebolometeris HFI CQM 100GHzSWBS/N
08).

4.3 � P

Thereis a furthermethodof obtainingtheopticalpower from a loadcurve,withoutusing
thethermalmodel.Thismethodcanonly determinethedifferencebetweenopticalpower
for two loadcurves,but is neverthelessveryuseful.

This methodrelies on the fact that the bolometertemperatureis a function of the
bolometerpower alone. So if we have two load curvestaken at the samestagetemper-
ature,andwe pick a point on eachcurve at thesametemperature(andthusresistance–
we don't even needto know the form of R(T)), thenthe total power (P + Q) mustbe
thesame.Sincewe know P = VI for eachloadcurve,we caneasilycalculatethevalue
of Q. This methodwill give a valueof Q asa functionof P. In principle,of course,the
valueof Q shouldbeconstant.In practisesmallsystematicerrorswill prevent this from
beingthe case,andit is necessaryto usesomejudgementto choosea valuefor Q. An
exampleis shown in Figure12. Agreementseemsto be betterfor measurementsmade
duringthesamecool-down. Thegreatadvantageof thismethodis thatit doesnot require
thethermalmodelto hold,or any of thethermalmodelparametersto beknown.

Notethat if we fail to have thetwo loadcurvesat thesametemperature,thevalueof
Q shouldstill beconstant,but will beincorrect.If we know Go and� , andhave accurate
valuesfor thetemperatures,wecancorrectthevalueof Q usingequation18.

5 Applying thesemethods

This sectionbrie�y discusseswhatmeasurementsshouldbe made,andhow to interpret
them.Whenbuilding bolometersfor aninstrument,thereareoften(at least)two stages:
– characterisation,wherethebolometersaremeasuredin somekind of testcryostat

10Solongaselectric�eld effectsandelectron-phonondecouplingarenegligible.
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– asecondstage,sometimesreferredto ascalibration,wherethey aretestedin theinstru-
mentthey wereintendedfor.

This secondstageis likely to be carriedout usingread-outsoptimisedfor doing obser-
vationsratherthancharacterisation– for exampleit maybeanAC readout,whereasthe
characterisationmayhavebeendoneusingamorestraightforwardDC readout.

5.1 Characterisation

At this stagethe gameis usually to make suf�cient load curve measurementsto obtain
thethermalmodelparameters.Thisenablesusto know if thegoalshavebeenmet.These
normallyincludespeci�edvaluesfor:
– Go, itself amodelparameter
– Optical ef�ciency – this canbe determinedfrom measurementswith differentoptical

loads.
– Detectornoise– a valuefor this canbe derived from the thermalmodelparameters,

thoughthis is notdiscussedhere.
– Speedof response– thisrequiresseparatemeasurementsandwill notbediscussedhere

either.
So we needa cryostatwhich canmake measurementsin a nearnegligible optical back-
ground,at variousstagetemperatures.We call theseblanked measurements.The mini-
mumsetof blankedmeasurementsrequiredto obtainthethermalmodelparametersis:
– Loadcurvesatmany differenttemperaturesin orderto determineR(T). Sinceweonly

needthezerobiasvalue,thesedo not needto go over a large biasrange,thoughit is
usefulif they do.

– At leastoneloadcurveovera largeenoughbiasrangesothatwecanobtainGo and� .
However, if we make all the load curvesover a large bias range,this helpsensurethe
accuracy of our measurementsby looking at theconsistency of results.If all is well, we
shouldobtainthesamevalueof Go for eachloadcurve,andplotsof G(T) shouldoverlap
asdiscussedearlier.

To obtain optical ef�ciency, we make measurementswith differentoptical powers,
andcalculateQ usingone(or ideally morethanone)of themethodsdescribedabove. If
we canthencalculatethe incidentpower on thebolometer(or, moreusually, theoptical
chain),wecancalculatetheopticalef�ciency from thevalueof Q.

5.2 Calibration

In this stage,the bolometersare re-measuredin their instrument. Here the goalsare
slightly different,andmayinclude:
– Ensuringthatthereadoutsystemis well understood
– Ensuringthat thermalmodelparametersdeterminedearliercanbeusedto predictthe

bolometerperformance
– Measuringtheopticalef�ciency of thebolometersin theinstrument
Toensurethatthereadoutsystemis behaving asexpected,wemeasureloadcurvesandsee
if they agreewith thosetaken duringcharacterisation.If not, thereis a problem! Since
theremay well be doubt over the absoluteoptical power and even stagetemperature,
comparingG(T) = dP=dT is averyusefultechnique.It is alsousefulto beableto show
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Box 4 Suggestedfurther reading

– Sudiwala,Grif�n andWoodcraft[3] givesafarmoredetaileddescriptionof thethermal
modelthanis presentedhere.

– Grannan,RichardsandHase[1] extendsthemodelto allow for electric�eld effectsin
thethermistor.

– Richards[4] andJones[5] both describevariousaspectsof bolometeroperationand
modelling.

– Woodcraftet al. [6] demonstratesthe applicationof the thermalmodelby usingit to
characterizeabolometerdesignedfor 100mK operation.

that the thermalmodelparametersdeterminedduring the characterisationstagecanbe
usedto predictthebolometerperformancein theinstrument,sinceit is usuallyimpossible
to make therequiredmeasurementsto re-characterisethebolometersin aninstrument.

Opticalef�ciency is measuredasbefore.Thiscanbethemostimportantmeasurement
– evenif it turnsout thatdifferencesin thereadoutsystemmeanthat the loadcurvesdo
not look consistentwith thoseduringcharacterization,thechancesarethat,althoughnot
ideal,this canbelivedwith. Ultimately, calibrationwill bedoneagainstopticalsources,
not using the bolometermodel,althoughhaving the model is very useful. But optical
ef�ciency is very importantin demonstratingthataninstrumentwill haveacceptableper-
formance.

6 And �nally ...

If all this madesense,andyou wantto learnmore,thenyou couldtry thepaperslistedin
Box 4.
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