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ABSTRACT

The astrometricfocal planewill have an areaof almost
0.5 m2 andwill contain170CCDs. Thesewill beoper-
atedin TDI modein orderto trackandobservestarsfrom
bothtelescopeviewing directionssimultaneously. Gaia's
target for astrometricprecisionof a few millionths of an
arc second,placesextremedemandson the focal plane
thermo-mechanicalstability andelectronicperformance.
The CCDs themselvesare large area,back illuminated,
full-frame, four phasedevices. They requiremaximum
ef�ciency for observingthemajority of objects,yet must
simultaneouslybeableto handlevery bright objectsthat
will regularly crossthe �eld of view. Achieving the �-
nalastrometricprecisionwill alsorequireexcellentnoise
performanceandMTF. In additionto demandingstateof
theartperformancefrom eachCCD,they will needto be
producedin large numberswhich raisesproductionand
yield issues. When analyzingGaia data it will be es-
sentialto fully understandCCD behaviour, includingthe
expectedperformancedegradationdueto radiationdam-
age.This will beaddressedthroughcomprehensive test-
ing andthedevelopmentof detailedCCDmodels.
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1. FOCAL PLANE DESIGN

TheGaiaastrometrictelescopefocalplanehasanareaof
almost0.5m2. Dueto practicallimitationson thesizeof
eachCCD,thisfocalplanewill bepopulatedwith 170de-
vices,eachwith anactiveareaof 45£ 59mm(Figure1).
In orderto maximizethe�ll-f actor(minimizedeadarea),
the CCDsmustbe locatedclosetogether. This requires
a novel packagedesignwith the electricalconnections
(�e x circuits)attachedto the sideof eachpackage(Fig-
ure2). The�e x circuitswill connectdirectly to 170dedi-
catedProximityElectronicsModules(PEMs)locatedbe-
hind thefocalplane.EachPEM(Figure3) will housethe
clock waveformgeneratorandfront endvideochainfor
a singleCCD. To ensuresynchronousoperation,a com-
mon TDI clock signalwill be suppliedto all PEMsfor
waveformgeneration.

In order for Gaia to achieve the speci�ed astrometric

Figure1. Schematicof theGaiaAstrometricfocalplane.

accuracy, high thermo-mechanicalstability is required
in the focal plane(especiallyover time-scalesof a few
hours). In orderto achieve this, theCCD supportstruc-
ture will be machinedfrom Silicon Carbide(SiC) and
will be mechanicallyisolatedfrom the electronicssup-
port structure.Thermalshieldswill beincludedbetween
the CCD supportstructureand the electronicssupport
structureandthe �e x circuits connectingthe CCDsand
PEMsaredesignedto have a very low thermalconduc-
tivity. An explodedview of the focal planestructureis
shown in Figure4.

2. CCD OPERATION IN TDI MODE

The Gaia satellite will spin continuously, causingthe
�eld of view of eachtelescopeto scanacrossall ob-
jectslocatedalonggreatcirclesperpendicularto thespin
axis.Datawill beacquiredcontinuouslyasthetelescopes
sweepout thesegreatcircles on the sky. For this rea-
son the CCDs will operatein Time Delay and Integra-
tion (TDI) mode. This meansthat the CCD electrodes
areclocked at the samespeedasthe imagescansalong
thefocal plane.In theastrometricfocal plane,theimage
will cross4500pixels in 3.312seconds.The integration
time for eachline transfermustthereforebe736¹ s. Fur-
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Figure2. A prototypeGaiaAstrometricCCDmountedin
a copperhandling jig. Note the �ex circuit attachedto
thesideof thepackage. Courtesyof e2vtechnologies.

thermore,the alongscandimensionsof the four phases
of asingleastrometricCCDpixel are2, 3, 2 and3 ¹ m re-
spectively. The736¹ speriodis thereforesub-dividedbe-
tweenthefour phasesas147.2,220.8,147.2and220.8¹ s
respectively to give the closestpossiblematchbetween
themotionof theincomingopticalimageandthemotion
of theintegratingmeasuredimage.

3. CCD DESIGN

CCD detectorsform thecoreof theGaiapayload.Their
developmentandmanufacturerepresentsoneof the key
challengesfor theprogramme,particularlyin view of the
large numbersrequired. Several CCD designswill be
produced,tailored to the needsof the different instru-
ments.We describehere,theCCD developedfor usein
theastrometricfocalplane.

3.1. Ar chitecture

In orderto minimizethenumberrequiredto �ll thefocal
plane,theGaiaastrometricCCDsarevery largeareade-
vices(approximately26.5cm2). Their sizeis primarily
dictatedby thedimensionsof astandardsiliconwaferand
by yield considerations(Figure5). Like all GaiaCCDs,
they areback illuminated, full-frame devicesoptimized
for TDI operationat opticalwavelengths.They have a 4-
phaseelectrodestructurein the imagesection,a parallel
summingregisteranda 2-phasereadoutregisterleading
to asingleoutputnode.Figure6 indicatesthedimensions
andorientationof asingleastrometricCCD.On-chipcir-
cuitry andbondpadsarearrangedin orderto minimize
thedeadspacearoundtheimagesection.

Pixel size hasbeenspeci�ed in order to properly sam-
ple thepoint spreadfunctionof theastrometrictelescope
whilst at thesametimekeepingthepixelsaslargeaspos-
sible to maximizefull-well capacity. This hasresulted

Figure 3. A prototype Proximity Electronics Module
(PEM).Courtesyof EADSAstriumandDLR.

Figure 4. Explodedview of theAstrometricfocal plane.
Courtesyof EADSAstrium.

in dimensionsof 10 ¹ m in the along-scandirectionand
30 ¹ m in the acrossscandirection (Figure7), giving a
total of almost9 million pixelsperCCD.

3.2. Dynamic Range

Gaiawill observe objectsover a very wide rangeof ap-
parentmagnitudeand the CCDs must thereforebe ca-
pableof handlinga wide dynamicsignal range. In or-
derto observe most(faint) objectsasef�ciently aspossi-
ble,CCDQEmustbemaximized(Section4.2)andCCD
noisemustbeminimized(Section4.5).At thesametime,
a numberof featuresareincorporatedinto the CCD de-
sign in orderto copewith bright sources.Theseinclude
a largefull-well capacity(> 190000electrons),ananti-
bloomingdrain andTDI gateswhich effectively reduce
theintegrationtime for verybrightobjects.
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Figure 5. A Gaia silicon wafer. Two astrometricCCDs
canbeseenaswell asa numberof teststructures.Cour-
tesyof e2vtechnologies.

Figure 7 shows a single astrometricCCD pixel and a
schematicrepresentationof theacross-scanpotentialun-
dera biasedelectrode.Theanti-bloomingdrainsarelo-
catedwithin thecolumnisolation. Whena bright source
crossesthe �eld of view, thenumberof electronsgener-
atedmayexceedthepixel full-well capacity. In thiscase,
excesselectronswill �o w over into the anti-blooming
drain ratherthan into neighbouringpixels. Clearly the
centreof thebright sourcePSFwill besaturated,but the
wingsof thePSFandnearbysourceswill notbeaffected.

As analternativeto simplyallowing brightsourcesto sat-
urate(particularlywhenthebright sourceitself is of pri-
maryinterest),TDI gateshavebeenincorporatedinto the
CCDs. Figure8 indicatesthe locationsof someof the
TDI gates. Thesegatessimply take the placeof CCD
electrodesandarenormallyclockedalongwith theelec-
trodesso that they have no effect. However, any oneof
the TDI gatesmay be temporarilystoppedin order to
block the passageof a bright source. In this case,inte-
grationof thesource(andany othersourcesparallelwith
it) beginsagain after theblockingTDI gate. In this way,
theintegrationlength(andhencetime)canbereducedto
2400lines,2048lines,1024linesandsoon (to asfew as
2 lines).

4. CCD PERFORMANCE

4.1. DepletionDepth

Thedepletiondepthof a semiconductordevice is simply
the thicknessof the depletionregion, or that part of the
materialthat hasbeendepletedof majority carriersdue
to thepresenceof anelectricpotential. Sincethedeple-
tion region is (by de�nition) that part of the device that

Figure6. Schematicof a singleGaiaastrometricCCD.

Figure 7. Schematicof a singleGaia astrometricCCD
pixel(left) andrepresentationof theacrossscanpotential
(right).

supportsthe potentialgradient(non-zeroelectric �eld),
it is the part of a device capableof moving (or collect-
ing) electronsquickly. Photoninteractionswithin thede-
pletion region liberateelectronswhich move quickly to
the nearestpotentialmaximum,usuallywithin the CCD
pixel in whichthey wereliberated.Becauseresponseuni-
formity andproductionyield areimportant,we arecon-
strainedto usingstandardresistivity silicon for theGaia
astrometricCCDs. For this material,assumingtypical
CCD clock voltages,we can expect a meandepletion
depthof 9 § 1¹ m.

Theremaining,undepletedthicknessof aCCDis referred
to asthe�eld-free region. Electronsliberatedby photons
incidentin the �eld-free region arealsocollected.How-
ever, in theabsenceof astrongelectric�eld, they areable
tospreadlaterallyduetodiffusion.Thisdegradesthespa-
tial resolvingpower of theCCD or ModulationTransfer
Function(Section4.3).

Figure9 is a schematicrepresentationof chargespread-
ing in the depletionand�eld-free regions. t is the total
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Figure 8. Schematicindicating the locationsof the last
4 TDI gates. The 12 TDI gatesare located at lines
2,4,8,16,32,64,128,256,512,1024,2048and2900.
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Figure 9. Schematicrepresentationof charge spreading
in thedepletionand�eld-fr eeregions.

thickness,xd is the depletiondepthandx® is the �eld-
freethickness.

4.2. Quantum Ef�ciency (QE)

TheQuantumEf�ciency of adetectoris simply thenum-
berof photonsdetecteddividedby thenumberof incident
photons.In theopticalwave-band,longwavelength(red)
photonshaveagreaterrangein siliconthanshorterwave-
length(blue)photons.Theef�ciency of a detectorin the
redis thereforedeterminedprimarily by thethicknessof
the detector, whilst the ef�ciency in the blue is dictated
primarily by surfacere�ection and hencethe choiceof
anti-re�ectioncoating.QEis alsoaffectedby internalre-
�ections andby thin deadlayersatboththefront andrear
of a CCD (which can vary in thicknessand uniformity
accordingto thepassivationprocessimplemented).

4.3. Modulation Transfer Function (MTF)

ModulationTransferFunctionis theability of a CCD to
reproducethecontrastpresentin animageatagivenspa-
tial frequency. It is theproductof threecomponents,in-
tegrationMTF, chargetransferMTF andchargediffusion
MTF.

Integration MTF is the fundamentalcomponentdue to
the fact that a CCD samplesa continuouslyvarying im-
agewith an arrayof �nite pixel elements.It de�nes an
upperlimit for thetotal MTF of 63%at theNyquistspa-
tial frequency. At longerwavelengths,IntegrationMTF
is degradedby internalre�ection whichmustbeincluded
in MTF models.

Charge transfer MTF describesthe reduction in total
MTF dueto chargesmearingduringreadout.It is signif-
icant for very large CCDsand/orwhenCharge Transfer
Ef�ciency (CTE) is signi�cantly degradeddueto radia-
tion damage.

DiffusionMTF is thecomponentdueto chargediffusion
or spreadingin the�eld-free region. Photoninteractions
liberateelectronswith a densitypro�le dictatedby the
PSF. Theresultingcloudsof electronsexpanddueto dif-
fusion. The degreeof spreadingdependsuponthe col-
lection time, the �eld strengthandhencethe interaction
depthof the incident photons. Charge liberatedin the
�eld free region may be sharedbetweentwo, several or
many adjacentpixels, ratherthanbeingcon�ned to the
pixel in which it wasliberated.

4.4. Optical Performanceof the BaselineCCDs

In specifyingthe Gaia CCDs, one of the key issuesis
how muchun-depletedmaterialshouldbeleft duringthe
back-thinningprocessin orderto improve redQE at the
expenseof blue MTF. Simulationsof Gaia astrometric
accuracy have beenconductedusingtheoreticalQE and
MTF curvesoverarangeof devicetotal thicknessvalues.
Theoptimumvalueis closeto 12¹ m. However, it is not
possibleto thin suchlarge devices to 12¹ m andthe to-
tal thicknessof the GaiaprototypeastrometricCCDsis
thereforetheminimumpractical(16¹ m).

In summary, the CCDshave beentunedfor optical per-
formancein the Gaiawave-bandasfollows: To be fab-
ricatedon standardresistivity materialandback-thinned
to a nominalthicknessof 16¹ m. Thenominaldepletion
depthfor thismaterialwith typicalsurfacevoltagesis ap-
proximately9¹ m, leaving a �eld-free thicknessof 7¹ m.
Thesurfacepassivationwill bethe`basic'e2vprocessin
orderto maximizeyield. Theanti-re�ectioncoatingwill
bea singlelayerof Hafniumoxidecenteredon 650nm.
This is a low risk designwhich is hopedwill give a high
yield of devicessuitablefor Gaia. The QE andMTF of
the baselineastrometricCCDsareshown in Figures10
and11 respectively. Thesecurveshave beengenerated
usingmodelsandareconsistentwith the �rst measure-
mentsconductedonprototypedevices.
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Figure10. QuantumEf�ciency (QE)of thebaselineGaia
astrometricCCDs.

400 500 600 700 800 900 1000

Wavelength (nm)

0

0.1

0.2

0.3

0.4

0.5

A
lo

ng
 s

ca
n 

M
T

F
 @

 N
yq

ui
st

 s
pa

tia
l f

re
qu

en
cy

Note: theoretical limit is 0.63
at Nyquist frequency

Red MTF falls due to
internal reflection

Figure 11. ModulationTransferFunction(MTF) of the
baselineGaiaastrometricCCDs.

4.5. Noise

The CCD outputnodeis a high performancetwo stage
(buffered)design.At typical Gaiafrequencies,theCCD
is quitecapableof noiseperformancebetterthan5 elec-
tronsRMS.Thisperformanceis expectedto bedegraded
by the electronicsbandwidthand increasedcapacitance
dueto invertedmounting(for backillumination). How-
ever, valuesbetter than 10 electronsRMS are still ex-
pected.

5. RADIATION EFFECTS

Whenoperatingdetectorsin space,oneof the most im-
portantconsiderationsis alwaystheenergeticparticlera-
diation environment. At L2, this is essentiallyan inter-
planetaryenvironmentdominatedby solar�are protons.
Due to the sizeof the astrometricfocal plane,it is only
possibleto incorporateminimal shieldingfor this instru-
ment.Whilst thiswill besuf�cient to reducetheionizing
radiationdoseto lessthan10krad,thenon-ionising(dis-

placementdamage)doseis expectedto behigh (» 1010

protons10 MeV equivalence).Radiationdamageto the
CCDswill degradetheirperformanceandhencetheover-
all performanceof Gaia. In addition, particle events
will potentiallyconstitutea sourceof contaminationand
wastedtelemetryin Gaiadata.

5.1. Radiation Envir onment

Therearetwo mainsourcesof particlesrelevant to Gaia
atL2:

² GalacticCosmicRays(GCR): Veryhighenergy par-
ticles(typically hundredsof MeV) whicharemainly
generatedby supernovae. The rateobserved varies
from about4 to 8 particlesper cm2 per secondde-
pendinguponthe phaseof the solarcycle andthey
compriseapproximately90% protons,9% He ions
and 1% heavier ions. It is not possibleto shield
against Galactic Cosmic Rays effectively because
their energy is high enoughto penetratemany cm
of shielding.

² Solar particles: Particlesejecteddirectly from the
Sun. The solarparticle�ux variesfrom essentially
zeroduring solarquiet timesto thousandsof parti-
clespercm2 persecondduringperiodsof highsolar
activity. Like GalacticCosmicRays,solarparticles
arepredominantlyprotonsandhelium ions. How-
ever, the peakenergy of the solarprotonspectrum
is severalordersof magnitudelower thanthatof the
GalacticCosmicRayspectrum,sothatshieldingcan
beeffective in reducingthedoseto sensitivecompo-
nents.

5.2. Radiation DamageMechanismsin CCDs

Nearly all damageto GaiaCCDswill occurduring so-
lar �ares when the solar particle �ux is thousandsper
cm2 persecond.As any particlepassesthroughaCCDit
causestwo kindsof damage:

² Ionizing damage: In passingthrough the insulat-
ing layersof the electrodestructure,a particleion-
izesatoms.Over thecourseof a missionthis leads
to staticcharging of the electrodeinsulatorswhich
meansthatCCD operatingvoltageseffectively drift
with time. Ionizingradiationtestswill beconducted
on GaiaprototypeCCDsto establishhow suscepti-
ble they are,but it is currentlyestimatedthat volt-
ageswill drift by lessthanhalf avolt over 5 years.

² Non-Ionizingor displacementdamage: As aparticle
passesthrougha CCD, thereis a chancethat it will
collide with a silicon atomsoasto displaceit from
its locationin the crystal lattice,generatinga point
defect.Suchdefectsintroduceenergy levelsinto the
semiconductorbandgap into which electronsfrom
theconductionbandcandropandbecometrapped.
Thanksto its thermalenergy, atrappedelectronmay
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jump backup into the conductionband(out of the
trap),but this processhasanassociatedde-trapping
time constantwhich is a strongfunctionof temper-
ature. During the courseof the mission, the high
�ux esof solarprotonsduring solar�ares will gen-
erateasigni�cant densityof trapsin theCCDs.The
resultanttrappingwill leadto graduallyworsening
chargeloss,smearingof thePSFandhenceareduc-
tion in centroiding(astrometric)accuracy.

5.3. Reducing the Effects of Radiation Damage in
CCDs

Becausetrappingand especiallyde-trappingtime con-
stantsarestrongfunctionsof temperature,oneof thekey
methodsfor minimizingtheeffectsof radiationdamageis
simply to selectanoptimumoperatingtemperature.Op-
eratingwarmerwill causeelectronsto escapefrom traps
morequickly. However, it is not possibleto operatetoo
warm becausethis increasesdark currentand degrades
the noise performance. Operatingcolder causeselec-
tronsto remaintrappedfor longer. Thiscanbeanadvan-
tage,becauseoncea trap containsan electronit cannot
trapanotherandis thereforerenderedinactive. Unfortu-
nately, radiationdamagegeneratestrap complexeswith
numerousenergy levels andde-trappingtime constants.
Coupledwith a dependenceon CCD sizeandthe trans-
fer speedfor a given application,this makes the selec-
tion of anoptimumoperatingtemperaturerathercompli-
cated. Furthermore,it may be better to operatecolder
andaccepta degreeof charge lossin orderto avoid op-
eratingin a regimein which deferred(or trailing) charge
increasesPSFdistortion. The operatingtemperaturefor
Gaia CCDs is currently expectedto be about¡ 115±C.
This will be con�rmed following radiationdamagetest-
ing.

Severaldesignfeatureshave alsobeenincorporatedinto
theGaiaCCDsin orderto addressradiationdamage.A
supplementaryburied channelis includedin the image
sectionpixels (Figure12). For relatively small signals,
this causesthe electronsto be transportedthrough the
CCD in a narrow streamso that they encounterfewer
emptytraps.

The CCDsalsohave a charge injection structurewhich
may be usedto periodically �ll traps(Figure13). Fast
trapswill quickly emptyandbecomeactive again. How-
ever, trapswith emissiontimeconstantslongerthanafew
secondsmaybeeffectively eliminated.Theoptimumfre-
quency for charge injection will dependupon the CCD
temperature.The effect of repeatedcharge injection on
dataanalysisin termsof deadtime andnon-uniformity
will needto be addressed.As an alternative to periodic
charge injection, the structuremay be usedto inject a
continuous,low level charge. Sometimescalleda `fat-
zero', a similar techniquehasalreadybeendemonstrated
onHubbleCCDs.

Figure 12. Schematic of an astrometric CCD pixel
and across-scanpotential indicating the supplementary
buriedchannel.

Figure 13. Schematicof an astrometricCCD indicating
thelocationof thecharge injectionstructure.

5.4. Particle Eventsin Gaia Data

During solar-quiet(observing)periods,therewill always
be a particle �ux of between4 and 8 GalacticCosmic
Rayspercm2 persecondpassingthroughtheGaiaCCDs.
Thesebackgroundparticleeventswill affect Gaiaastro-
metricobservationsin severalways:

Astronomicalsourcesaredetectedautonomouslyby the
AstrometricStarMappers(ASM). Particleeventswhich
areincorrectlyidenti�ed assources,will beassignedwin-
dows, tracked acrossthe focal planeand transmittedto
the ground. This is clearly a wasteof resourcesand a
reliableon-boardrejectionalgorithmis required.

In addition,particleeventscloseto sourcesin theastro-
metric CCDs, will introducePSFdistortion and hence
centroidingerrors.Theseerrorsneedto bequanti�edand
mitigation techniquesassessed(suchas the useof PSF
matched�lters in thecentroidingalgorithm).Onceiden-
ti�ed, aPSFcontaminatedby aparticledetectionmaybe
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correctedor rejected.

In order to begin addressingtheseissues,cosmic ray
eventsarealreadybeingsimulatedusingthemonte-carlo
CCDmodeldescribedin Section6.

6. CCD MODELLING AND SIMULA TION

In supportof theGaiaproject,anumberof simulationac-
tivities arebeingpursuedby membersof theSimulation
Working Groupandthe ProjectScienceTeam. Among
thesearemonte-carlomodelsdevelopedby BrunelUni-
versityandESTECwhichaddressthedetailedbehaviour
of the CCDs. Thesetools will be appliedto assessing
thecentroidingaccuracy of theinstrumentsin TDI mode,
the impactof particlebackgroundeventson centroiding
accuracy andthe effectsof degradationdueto radiation
damageduring the courseof the mission. Suf�ciently
detailedmodelswill enablepredictionsof Gaia perfor-
manceandcapabilityon the basisof CCD performance
parametersandcharacteristics,which may be measured
in the laboratory. They may alsoserve astools for gen-
eratinglarge quantitiesof simulateddatawith which to
exercisetheGaiadataprocessingchain.

In order to addressthe effectsof radiationdamage,the
modelsmust implementa dynamic treatmentof elec-
trontrappingandde-trapping,chargeinjection,bene�cial
chargepacketsandsoon. Modelling CCDslike this in a
meaningfulway is ratherchallenging.Theconceptunder
developmentat ESTECcomprisestwo arrays4500pix-
els long by 24 pixelswide. The�rst arrayrepresentsthe
immobile CCD, containingtrapsand trappedelectrons.
The secondarray representsthe `conveyor-belt' of mo-
bile electronpackets.Eachmodelcycle correspondsto a
CCDline transfer(736¹ s). Duringthisperiod,themodel
carriesout threesteps:

1. Generatemobile electronsdueto signal (e.g.,PSF
photons)andnoise(e.g.,protons,straylight). This
encompassesnot only the interactionsof photons
andparticleswithin theCCD,but alsothespreading
of resultantelectronclouds(due to diffusion) and
mappingto pixels.

2. Transferelectronsbetweenthe mobile andtrapped
arraysaccordingto trap occupancy, time constants
etc. This is sub-divided into four stepscorrespond-
ing to thefour electrodephasesof theCCD.

3. Translatethemobilechargeby onepixel alongscan
andreadoutoneserialregisterwith appropriatebin-
ning,noiseetc.

Figure14 givestwo examplesof modeloutput,with and
withoutchargetrappingandnoise.Thetrappingparame-
tersin this casearechosento clearlyillustratetheeffects
of trappingon a PSFin TDI mode. The �rst datafrom
GaiaCCD radiationtestingarenow becomingavailable.
Thesedatawill beusedto testandverify theCCD mod-
els andto establishtime constantsanddensitiesfor the
dominanttrapspecies.

Figure14. Anexampleof monte-carlomodeloutputindi-
catingtheeffectsof charge trappingonPSFshape.

7. DEVELOPMENT STATUS AND CONCLU-
SIONS

Many areasof the Gaia mission are technically chal-
lenging. For this reason,ESA is conductinga tech-
nology demonstratorphaseand one of the key activi-
ties during this phaseis the productionof Astro focal
planeThermo-Mechanicaland Electro-OpticalDemon-
strator Models. The activity is lead by EADS As-
trium (Toulouse)with sub-contractsto e2v technologies
(CCDs), DLR (PEMs), Sira Electro-Optics(radiation
testing)and Leicester/BrunelUniversities(analysisand
modelling).

By the spring of 2004, DetailedDesignReviews were
successfullycompletedfor all demonstratorhardware.
As of November2004,hardwareproductionis well ad-
vanced.The�rst batchesof astrometricCCDshave been
producedby e2v, tested(Figure15) anddeliveredto Sira
andAstrium. Structuralcomponentsandthermalshields
for bothDemonstratorModelsarecomplete(Figure16)
andreadyto receiveboththeCCDsandthePEMswhich
arebecomingavailablefrom DLR (Figure3). CCD ra-
diation testing is underway at Sira Electro-Opticsand
monte-carloCCD modelshave beenproducedat Leices-
ter/Brunelin preparationfor �tting theradiationtestdata.

To-date,theaimsof thestudyphasehavebeensuccessful.
The feasibility of producinglarge areaGaiaCCDsand
PEMswith the speci�ed performancehasbeendemon-
strated. In the comingmonthsa numberof theseunits
will be integratedinto the DemonstratorModels and a
period of Thermo-Mechanicaland Electro-Opticaltest-
ing will commence.In parallel,CCD radiationtesting,
analysisandinterpretationwill continuein orderto estab-
lish whetheror notGaiacanmeetits astrometricaccuracy
targetsin spiteof thehigh radiationdosepredicted.This
is certainlyoneof themostcritical issuesfacingGaiaat
present.
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Figure 15. A prototypeGaia astrometricCCD mounted
in a testfacility vacuumchamber. Courtesyof e2vtech-
nologies.

Figure16. TheSiliconCarbide(SiC)CCDsupportstruc-
ture for theElectro-OpticalDemonstrator Model. Cour-
tesyof EADSAstrium.
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