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ABSTRACT

The astrometricfocal planewill have an areaof almost
0.5m? andwill contain170 CCDs. Thesewill be oper
atedin TDI modein orderto trackandobsere starsfrom
bothtelescopeviewing directionssimultaneouslyGaia's
targetfor astrometrigorecisionof a few millionths of an
arc second placesextremedemandson the focal plane
thermo-mechanicadtability andelectronicperformance.
The CCDsthemseles are large area,backilluminated,
full-frame, four phasedevices. They requiremaximum
ef ciency for observingthe majority of objects,yet must
simultaneoushbe ableto handlevery bright objectsthat
will regularly crossthe eld of view. Achieving the -
nal astrometrigorecisionwill alsorequireexcellentnoise
performancandMTF. In additionto demandingstateof
theart performancdrom eachCCD, they will needto be
producedin large numberswhich raisesproductionand
yield issues. When analyzing Gaia datait will be es-
sentialto fully understandCCD behaiour, includingthe
expectedperformancalegradationdueto radiationdam-
age. Thiswill beaddressethroughcomprehensk test-
ing andthe developmentof detailedCCD models.
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1. FOCAL PLANE DESIGN

The Gaiaastrometridelescopdocal planehasanareaof
almost0.5m?. Dueto practicallimitations on the sizeof
eachCCD,thisfocalplanewill bepopulatedvith 170de-
vices,eachwith anactive areaof 45£ 59 mm (Figurel).
In orderto maximizethe II-f actor(minimizedeadarea),
the CCDs mustbe locatedclosetogether This requires
a novel packagedesignwith the electrical connections
( e x circuits) attachedo the side of eachpackaggFig-
ure2). The e x circuitswill connectdirectlyto 170dedi-
catedProximity ElectronicsModules(PEMs)locatedbe-
hindthefocal plane.EachPEM (Figure3) will housethe
clock waveform generatoandfront endvideo chainfor
a single CCD. To ensuresynchronou®peration,a com-
mon TDI clock signalwill be suppliedto all PEMsfor
waveformgeneration.

In order for Gaiato achieve the speci ed astrometric

+ X,'N
Image
motion = +Z,
=~ 84cm

+ Yfm

Astro focal plane

y =170 CCDs

~ 1.5 billion pixels
~ 4500 cm?

7
3l

7

b

Broad Band
Photometer CCDs

AN SYAN AAVANANANAY

Astrometric Sky Astrometric Field
Mapper CCDs CCDs

Figure 1. Shematicof the Gaia Astometricfocal plane

accurag, high thermo-mechanicastability is required
in the focal plane (especiallyover time-scalesof a few

hours). In orderto achieve this, the CCD 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
PEMsaredesignedo have a very low thermalconduc-
tivity. An explodedview of the focal planestructureis

shavn in Figure4.

2. CCD OPERATION IN TDI MODE

The Gaia satellite will spin continuously causingthe
eld of view of eachtelescopeto scanacrossall ob-
jectslocatedalonggreatcirclesperpendiculato the spin
axis. Datawill beacquireccontinuouslyasthetelescopes
sweepout thesegreatcircleson the sky. For this rea-
sonthe CCDswill operatein Time Delay and Integra-
tion (TDI) mode. This meansthat the CCD electrodes
are clocked at the samespeedasthe imagescansalong
thefocal plane.In theastrometridocal plane,theimage
will cross4500pixelsin 3.312seconds.The integration
time for eachline transfemustthereforebe 7361 s. Fur-
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Figure 2. A prototypeGaia AstometricCCD mountedn
a copperhandlingjig. Notethe ex circuit attachedto
thesideof the padkage. Courtesyof e2vtechnolaies.

thermore the along scandimensionsof the four phases
of asingleastrometricCCD pixel are2, 3,2 and3* mre-
spectvely. The736? speriodis thereforesub-dvidedbe-
tweenthefour phase®s147.2,220.8,147.2and220.8! s
respectrely to give the closestpossiblematchbetween
themotionof theincomingopticalimageandthemotion
of theintegratingmeasuredmage.

3. CCD DESIGN

CCD detectordorm the core of the Gaiapayload. Their
developmentand manugcturerepresent®ne of the key
challengedor the programmeparticularlyin view of the
large numbersrequired. Several CCD designswill be
produced,tailored to the needsof the different instru-
ments. We describehere,the CCD developedfor usein
theastrometridocal plane.

3.1. Architecture

In orderto minimizethe numberrequiredto Il thefocal
plane the Gaiaastrometri®CCDsarevery large areade-
vices (approximately26.5cn?). Their sizeis primarily
dictatedby thedimension®f astandardiliconwaferand
by yield considerationgFigure5). Like all GaiaCCDs,
they are backilluminated, full-frame devices optimized
for TDI operationat opticalwavelengths They have a 4-
phaseelectrodestructurein theimagesection,a parallel
summingregisteranda 2-phasereadoutregisterleading
to asingleoutputnode.Figure6 indicategshedimensions
andorientationof asingleastrometria®CCD. On-chipcir-
cuitry and bond padsare arrangedn orderto minimize
thedeadspacearoundtheimagesection.

Pixel size hasbeenspeci ed in orderto properly sam-
ple the point spreadunction of theastrometridelescope
whilst atthe sametime keepingthe pixelsaslargeaspos-
sible to maximizefull-well capacity This hasresulted

Figure 3. A prototype Proximity Electronics Module
(PEM). Courtesyof EADSAstriumandDLR.
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Figure 4. Explodedview of the Astometricfocal plane
Courtesyof EADSAstrium.

in dimensionsof 101 m in the along-scardirectionand
30t m in the acrossscandirection (Figure 7), giving a
total of almost9 million pixelsperCCD.

3.2. Dynamic Range

Gaiawill obsene objectsover a very wide rangeof ap-
parentmagnitudeand the CCDs must thereforebe ca-
pableof handlinga wide dynamicsignalrange. In or-

derto obsene most(faint) objectsasef ciently aspossi-
ble, CCD QE mustbe maximized(Sectiord4.2)andCCD
noisemustbeminimized(Sectior4.5). At thesameime,

a numberof featuresareincorporatednto the CCD de-
signin orderto copewith bright sources.Theseinclude
alarge full-well capacity(> 190000 electrons)an anti-

bloomingdrain and TDI gateswhich effectively reduce
theintegrationtime for very bright objects.



Figure 5. A Gaia silicon wafer Two astrometricCCDs
canbeseenaswell asa numberof teststructues. Cour
tesyof e2vtechnolagies.

Figure 7 shaws a single astrometricCCD pixel and a
schematiaepresentationf the across-scapotentialun-

dera biasedelectrode.The anti-bloomingdrainsarelo-

catedwithin the columnisolation. Whena bright source
crosseghe eld of view, the numberof electronsggener

atedmayexceedthe pixel full-well capacity In thiscase,
excesselectronswill ow over into the anti-blooming
drain ratherthan into neighbouringpixels. Clearly the
centreof the bright sourcePSFwill be saturatedbut the
wingsof thePSFandnearbysourceswill notbeaffected.

As analternatve to simply allowing bright sourcego sat-
urate(particularlywhenthe bright sourceitself is of pri-
maryinterest),TDI gateshave beenincorporatednto the
CCDs. Figure 8 indicatesthe locationsof someof the
TDI gates. Thesegatessimply take the placeof CCD
electrodesandarenormally clocked alongwith the elec-
trodesso thatthey have no effect. However, ary one of
the TDI gatesmay be temporarily stoppedin order to
block the passagef a bright source. In this case,inte-
grationof the source(andary othersourcegparallelwith
it) beginsagain afterthe blocking TDI gate. In this way,
theintegrationlength(andhencetime) canbereducedo
2400lines,2048lines, 1024linesandsoon (to asfew as
2lines).

4. CCD PERFORMANCE

4.1. Depletion Depth

Thedepletiondepthof a semiconductodevice is simply
the thicknessof the depletionregion, or that part of the
materialthat hasbeendepletedof majority carriersdue
to the presencef an electricpotential. Sincethe deple-
tion region is (by de nition) that part of the device that
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Figure 7. Sthematicof a single Gaia astometric CCD
pixel(left) andrepresentatiorof theacrossscanpotential

(right).

supportsthe potentialgradient(non-zeroelectric eld),
it is the part of a device capableof moving (or collect-
ing) electrongyuickly. Photoninteractionswithin thede-
pletion region liberateelectronswhich move quickly to
the nearespotentialmaximum,usuallywithin the CCD
pixelin whichthey wereliberated.Becauseesponseini-
formity andproductionyield areimportant,we are con-
strainedto usingstandardesistvity silicon for the Gaia
astrometricCCDs. For this material, assumingtypical
CCD clock voltages,we can expect a meandepletion
depthof 98§ 1t m.

Theremainingundepletedhicknesf aCCDis referred
to asthe eld-free region. Electrondiberatedby photons
incidentin the eld-free region arealsocollected. How-
ever, in theabsencef astrongelectric eld, they areable
to spreadaterallydueto diffusion. Thisdegradeghespa-
tial resolvingpower of the CCD or Modulation Transfer
Function(Sectior4.3).

Figure9 is a schematiaepresentationf chage spread-
ing in the depletionand eld-free regions. t is the total



346

TDI gate 9 (line 512)

TDI gate 12 (line 2900)
TDI gate 11 (line 2048)
TDI gate 10 (line 1024)

Image
motion
=

Figure 8. Shematicindicating the locationsof the last
4 TDI gates. The 12 TDI gatesare located at lines
2,4,8,16,32,64,128,256,512,1024,2@48 2900.
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Figure 9. Shematicrepresentatiorof charge spreading
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thickness x4 is the depletiondepthandxg is the eld-
freethickness.

4.2. Quantum Ef ciency (QE)

TheQuantumEf ciency of adetectoris simply thenum-
berof photongdetectedlividedby thenumberof incident
photons.In theopticalwave-band)ongwavelength(red)
photonshave agreaterangein siliconthanshortewave-

length(blue) photons.Theef ciency of a detectorin the
redis thereforedeterminedprimarily by the thicknessof

the detectoy whilst the ef ciency in the blue is dictated
primarily by surfacere ection and hencethe choice of

anti-re ectioncoating.QE is alsoaffectedby internalre-
ections andby thin deadayersatboththefront andrear
of a CCD (which canvary in thicknessand uniformity
accordingto the passvationprocessmplemented).

4.3. Modulation Transfer Function (MTF)

ModulationTransferFunctionis the ability of a CCD to
reproducehecontraspresenin animageatagivenspa-
tial frequeng. It is the productof threecomponentsin-
tegrationMTF, chagetransfeMTF andchagediffusion
MTF.

Integration MTF is the fundamentalcomponentdue to
the factthata CCD samplesa continuouslyvaryingim-
agewith anarrayof nite pixel elements.It de nesan
upperlimit for thetotal MTF of 63% at the Nyquistspa-
tial frequeny. At longerwavelengths IntegrationMTF
is degradedby internalre ection whichmustbeincluded
in MTF models.

Chage transfer MTF describesthe reductionin total
MTF dueto chage smearingduringreadout.lt is signif-
icantfor very large CCDsand/orwhenChage Transfer
Ef ciency (CTE) is signi cantly degradeddueto radia-
tion damage.

DiffusionMTF is the componentiueto chage diffusion
or spreadingn the eld-free region. Photoninteractions
liberate electronswith a densitypro le dictatedby the
PSFE Theresultingcloudsof electronssxpanddueto dif-

fusion. The degreeof spreadingdependsuponthe col-

lectiontime, the eld strengthandhencethe interaction
depthof the incident photons. Chage liberatedin the
eld freeregion may be sharedbetweentwo, several or

mary adjacentpixels, ratherthanbeing con ned to the
pixelin whichit wasliberated.

4.4, Optical Performance of the BaselineCCDs

In specifyingthe Gaia CCDs, one of the key issuesis

how muchun-depletednaterialshouldbeleft duringthe

back-thinningprocesdn orderto improve red QE at the

expenseof blue MTF. Simulationsof Gaia astrometric
accurag have beenconductedusingtheoreticalQE and
MTF curvesoverarangeof devicetotal thicknessvalues.
The optimumvalueis closeto 12t m. However, it is not

possibleto thin suchlarge devicesto 122 m andthe to-

tal thicknessof the Gaia prototypeastrometricCCDsis

thereforethe minimum practical(16* m).

In summary the CCDshave beentunedfor optical per
formancein the Gaiawave-bandasfollows: To be fab-
ricatedon standardresistvity materialandback-thinned
to a nominalthicknessof 16 m. The nominaldepletion
depthfor this materialwith typical surfacevoltagess ap-
proximately9t m, leaving a eld-free thicknessof 7t m.
Thesurfacepassvationwill bethe basic'e2vprocessn
orderto maximizeyield. The anti-re ection coatingwill
be a singlelayer of Hafnium oxide centerecbn 650 nm.
Thisis alow risk designwhich is hopedwill give ahigh
yield of devicessuitablefor Gaia. The QE andMTF of
the baselineastrometricCCDs are shavn in Figures10
and 11 respectiely. Thesecurves have beengenerated
using modelsand are consistentwith the rst measure-
mentsconductedn prototypedevices.
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Figure 11. Modulation TransferFunction (MTF) of the
baselineGaia astometricCCDs.

4.5. Noise

The CCD outputnodeis a high performanceawo stage
(buffered)design.At typical Gaiafrequenciesthe CCD
is quite capableof noiseperformancéetterthan’5 elec-
tronsRMS. This performancaes expectedto bedegraded
by the electronicsbandwidthandincreasectapacitance
dueto invertedmounting(for backillumination). How-
ever, valuesbetterthan 10 electronsRMS are still ex-
pected.

5. RADIATION EFFECTS

Whenoperatingdetectordn spaceoneof the mostim-
portantconsiderationss alwaysthe enegeticparticlera-
diation ervironment. At L2, this is essentiallyan inter-
planetaryenvironmentdominatedoy solar are protons.
Dueto the size of the astrometricfocal plane,it is only
possibleto incorporateminimal shieldingfor this instru-
ment. Whilst thiswill besufcient to reducetheionizing
radiationdoseto lessthan10 krad,the non-ionising(dis-

347

placementiamage)loseis expectedto be high (» 10
protons10 MeV equivalence). Radiationdamageto the
CCDswill degradetheirperformancendhenceheover
all performanceof Gaia. In addition, particle events
will potentiallyconstitutea sourceof contaminatiorand
wastedelemetryin Gaiadata.

5.1. Radiation Environment

Therearetwo main sourcesf particlesrelevantto Gaia
atL2:

2 GalacticCosmicRays(GCR} Veryhighenegy par
ticles(typically hundredof MeV) whicharemainly
generatedy supernwae. Therateobsered varies
from about4 to 8 particlesper cn? per secondde-
pendinguponthe phaseof the solarcycle andthey
compriseapproximately90% protons,9% He ions
and 1% heavier ions. It is not possibleto shield
agpinst Galactic Cosmic Rays effectively because
their enegy is high enoughto penetratemary cm
of shielding.

2 Solar particles Particlesejecteddirectly from the
Sun. The solarparticle ux variesfrom essentially
zeroduring solarquiet timesto thousand®f parti-
clespercn? persecondiuringperiodsof high solar
actiity. Like GalacticCosmicRays,solarparticles
are predominantlyprotonsand heliumions. How-
ever, the peakenepgy of the solar protonspectrum
is severalordersof magnituddower thanthatof the
GalacticCosmicRayspectrumsothatshieldingcan
beeffective in reducingthedoseto sensitve compo-
nents.

5.2. Radiation DamageMechanismsin CCDs

Nearly all damageto Gaia CCDswill occurduring so-
lar ares whenthe solar particle ux is thousandger
cn? persecondAs ary particlepasseshrougha CCD it
causeswo kinds of damage:

2 Jonizing damae: In passingthroughthe insulat-
ing layersof the electrodestructure a particleion-
izesatoms. Over the courseof a missionthis leads
to staticchaging of the electrodeinsulatorswhich
meanghat CCD operatingvoltageseffectively drift
with time. lonizing radiationtestswill beconducted
on GaiaprototypeCCDsto establisthow suscepti-
ble they are,but it is currently estimatedthat volt-
ageswill drift by lessthanhalf avolt over5 years.

2 Non-lonizingor displacemendamage: As apatrticle
passeshrougha CCD, thereis a chancethatit will
collide with a silicon atomsoasto displaceit from
its locationin the crystallattice, generatinga point
defect.Suchdefectdntroduceenegy levelsinto the
semiconductobandgp into which electronsfrom
the conductionbandcandrop andbecometrapped.
Thanksto its thermalenegy, atrappecelectronmay



348

jump backup into the conductionband(out of the

trap), but this processhasan associatedle-trapping
time constantwhich is a strongfunction of temper

ature. During the courseof the mission, the high

ux esof solarprotonsduring solar ares will gen-
erateasigni cant densityof trapsin the CCDs.The

resultanttrappingwill leadto graduallyworsening
chageloss,smearingf the PSFandhenceareduc-
tion in centroiding(astrometricaccurag.

5.3. Reducing the Effects of Radiation Damagein
CCDs

Becausetrapping and especiallyde-trappingtime con-
stantsarestrongfunctionsof temperaturegneof the key
methoddor minimizingtheeffectsof radiationdamages
simply to selectan optimumoperatingtemperatureOp-
eratingwarmerwill causeelectrongo escapdrom traps
morequickly. However, it is not possibleto operatetoo
warm becausethis increaseslark currentand degrades
the noise performance. Operatingcolder causeselec-
tronsto remaintrappedfor longer This canbeanadwan-
tage,becausencea trap containsan electronit cannot
trap anotherandis thereforerenderednactive. Unfortu-
nately radiationdamagegeneratesrap complexes with
numerousenegy levels andde-trappingtime constants.
Coupledwith a dependencen CCD sizeandthe trans-
fer speedfor a given application,this makes the selec-
tion of anoptimumoperatingemperaturgathercompli-
cated. Furthermore,it may be betterto operatecolder
andaccepta degreeof chagelossin orderto avoid op-
eratingin aregimein which deferred(or trailing) chage
increase$SFdistortion. The operatingtemperaturdor
Gaia CCDsis currently expectedto be aboutj 115°C.
This will be con rmed following radiationdamageest-

ing.

Several designfeatureshave alsobeenincorporatednto
the GaiaCCDsin orderto addresgadiationdamage.A
supplementanpuried channelis includedin the image
sectionpixels (Figure 12). For relatively small signals,
this causesthe electronsto be transportecthroughthe
CCD in a narrov streamso that they encounterfewer
emptytraps.

The CCDsalso have a chage injection structurewhich
may be usedto periodically Il traps(Figure 13). Fast
trapswill quickly emptyandbecomeactive again. How-
ever, trapswith emissiortime constantsongerthanafew
secondsnaybeeffectively eliminated.Theoptimumfre-
gueny for chage injection will dependuponthe CCD
temperature.The effect of repeatedchage injection on
dataanalysisin termsof deadtime and non-uniformity
will needto be addressedAs an alternatve to periodic
chage injection, the structuremay be usedto inject a
continuous,low level chage. Sometimescalled a “fat-
zero', asimilartechniguehasalreadybeendemonstrated
onHubbleCCDs.
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Figure 13. Sthematicof an astometricCCD indicating
thelocationof thecharge injectionstructue.

5.4. Particle Eventsin Gaia Data

During solarquiet(observing)periods therewill aways
be a particle ux of between4 and 8 Galactic Cosmic
Rayspercn? perseconcpassinghroughthe GaiaCCDs.
Thesebackgroundparticleeventswill affect Gaiaastro-
metricobsenationsin severalways:

Astronomicalsourcesare detectedautonomoushby the
AstrometricStarMappers(ASM). Particle eventswhich
areincorrectlyidenti ed assourceswill beassigneavin-
dows, tracked acrossthe focal plane and transmittedto
the ground. This is clearly a wasteof resourcesand a
reliableon-boardrejectionalgorithmis required.

In addition, particleeventscloseto sourcesn the astro-
metric CCDs, will introduce PSF distortion and hence
centroidingerrors.Theseerrorsneedto bequanti ed and
mitigation techniquesassesse@suchasthe use of PSF
matchedlters in the centroidingalgorithm).Onceiden-
ti ed, aPSFcontaminatedby a particledetectiormaybe
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In order to begin addressingheseissues,cosmic ray
eventsarealreadybeingsimulatedusingthe monte-carlo
CCD modeldescribedn Section6.

6. CCD MODELLING AND SIMULATION

In supportof theGaiaproject,anumberof simulationac-
tivities are being pursuedoy memberf the Simulation
Working Group andthe ProjectScienceTeam. Among
theseare monte-carlomodelsdevelopedby Brunel Uni-
versityandESTECwhich addresshedetailedbehaiour
of the CCDs. Thesetools will be appliedto assessing
thecentroidingaccurag of theinstrumentsn TDI mode,
the impactof particle backgroundaventson centroiding
accurag andthe effects of degradationdueto radiation
damageduring the courseof the mission. Sufciently
detailedmodelswill enablepredictionsof Gaia perfor
manceand capability on the basisof CCD performance
parametersnd characteristicsywhich may be measured
in the laboratory They may alsosene astools for gen-
eratinglarge quantitiesof simulateddatawith which to
exercisethe Gaiadataprocessinghain.

In orderto addresghe effects of radiationdamage the
models must implementa dynamic treatmentof elec-
trontrappingandde-trappinggchageinjection,bene cial

chage pacletsandsoon. Modelling CCDslike thisin a
meaningfulwvay is ratherchallenging.The conceptunder
developmentat ESTECcompriseswo arrays4500 pix-

elslong by 24 pixelswide. The rst arrayrepresentshe

immobile CCD, containingtrapsand trappedelectrons.
The secondarray representshe “corveyor-belt' of mo-

bile electronpaclets. Eachmodelcycle correspondso a

CCDline transfer(736* s). Duringthis period,themodel
carriesoutthreesteps:

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

2. Transferelectronsbetweenthe mobile and trapped
arraysaccordingto trap occupang, time constants
etc. Thisis sub-dvided into four stepscorrespond-
ing to thefour electrodephase®of the CCD.

3. Translatehe mobilechageby onepixel alongscan
andreadoutoneserialregisterwith appropriatein-
ning, noiseetc.

Figure14 givestwo examplesof modeloutput,with and
without chagetrappingandnoise.Thetrappingparame-
tersin this casearechoserto clearlyillustratethe effects
of trappingon a PSFin TDI mode. The rst datafrom

GaiaCCD radiationtestingarenow becomingavailable.
Thesedatawill be usedto testandverify the CCD mod-

els andto establishtime constantsand densitiesfor the

dominanttrap species.
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Figure 14. An exampleof monte-carlamodeloutputindi-
catingthe effectsof charge trappingon PSFshape

7. DEVELOPMENT STATUS AND CONCLU-
SIONS

Many areasof the Gaia mission are technically chal-
lenging. For this reason,ESA is conductinga tech-
nology demonstratophaseand one of the key actwi-
ties during this phaseis the productionof Astro focal
plane Thermo-Mechanicahnd Electro-OpticalDemon-
strator Models. The actwity is lead by EADS As-
trium (Toulouse)with sub-contract$o e2vtechnologies
(CCDs), DLR (PEMSs), Sira Electro-Optics(radiation
testing) and Leicester/BrunelUniversities(analysisand
modelling).

By the spring of 2004, Detailed Design Reviews were
successfullycompletedfor all demonstratotardware.
As of November2004, hardware productionis well ad-
vanced.The rst batcheof astrometricCCDshave been
producedy e2y, tested(Figure15) anddeliveredto Sira
andAstrium. Structuralcomponent@&ndthermalshields
for both DemonstratoModelsare complete(Figure 16)
andreadyto receve boththe CCDsandthe PEMswhich
are becomingavailablefrom DLR (Figure3). CCD ra-
diation testing is undervay at Sira Electro-Opticsand
monte-carldCCD modelshave beenproducedat Leices-
ter/Brunelin preparatiorfor tting theradiationtestdata.

To-date theaimsof thestudyphasehave beensuccessful.
The feasibility of producinglarge areaGaia CCDsand
PEMswith the speci ed performancenasbeendemon-
strated. In the coming monthsa numberof theseunits
will be integratedinto the DemonstratoModels and a
period of Thermo-Mechanicahnd Electro-Opticaltest-
ing will commence.In parallel, CCD radiationtesting,
analysisandinterpretatiorwill continuein orderto estab-
lishwhetheror not Gaiacanmeetits astrometri@accurag
targetsin spiteof the high radiationdosepredicted.This
is certainlyone of the mostcritical issuedacing Gaiaat
present.
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Figure 15. A prototypeGaia astometric CCD mounted
in a testfacility vacuumchamber Courtesyof e2vtech-
nologies.

Figure 16. TheSiliconCarbide(SiC) CCD supportstruc-
ture for the Electio-Optical Demonstator Model. Cour
tesyof EADSAstrium.
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