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Theworking group on cleanlinesdiasbeenformedto recapitulatdor eachinstrumen
themeasurstakenduringthe SOHOcleanlinesprogammeandtheir effects.U. Schihle,
togethemwith B. KentandR. Thomas,hascollectedtheindividual instrumers’ inputto a
cataloge of questionsreviewing their efforts andexpeiience.Thus,anopenandstraight-
forward discussiorof the cleanlinesdssuesfor the individual instrumentss preseted.
The actionsduring designand assemblyas well as experiencein-flight are summaized

andcommermedwith hindsigh. Specialemphasihasbeengivento the phaseof extreme
conditilmsduiing SOHO’ loss-of-attitue.
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20.1 Intr oduction

The someavhat provocative questionin thetitle of this repat did geneate discussion
andpronmotedinput from the experimentes of all SOHO instrunentsrepreseted at the
Workshoys.

The cleanlinesgpprogammewithin the SOHO projectwas a comma effort of ESA
andthe SOHO expelimenters. The goal wasto ensurestableradianetric perfamance
of the spacecrth and in particular of all instrumeits during the SOHO mission. Thus,
cleanlinessequrementshadto bedefinedfor instrunentsandspacecrdf(thelattermostly
basedon therequiranentssetby the instrumeits), and,sinceeachexperimenton SOHO
was sensitie to cortaminationin a differert way, it wasnecessaryo definecleanliness
requiementdor theindividualinstrumeits. Thisresultedn a“CleanlinessContrd Plan”
thatgovernedall activities relatedto cleanlinessandcortamination.

Theperfamanceof theinstrumes during scientificopeationprovesthatthecleanli-
nesseffort waseffective, and,by trackirg changs in respomsivity over the missiondura-
tion, it cannow beshawvn quariitatively how effedive it was.

During its discussionsthe CleanlinessVorking Group(whosecompgition wasiden-
tical with theauthorsof thisreport)triedto collecttheexperimenters’expeliencein reduc-
ing — and, asit turnal out, nealy eliminating— degradationof the radionetric perfor-
manceby cleanlinesgontrd. Theexperimentandspacecrafrepresetativeswereinvited
to “tell their story” abou the specificmeasuregor contanination contrd that laterwere
successfuln redwing radiametric degradhtion. The periad of SOHO' loss-ofattitude
has,however, affectedsomeof the experimentsandtheinfered degradationmechaisms
wereincludedin our discussions.

For thebenefitof future spacemissionsandasa meando gatherasmuchinformation
aspossiblefrom all partiesinvolved, the Pls of the relevant experimentshave beenasled
to state

e wheretheirinstrumen cleanlinesprogammewasmosteffective,
e whichdesignfeatuesthey hadusedto improve cleanlines,
o how they hadderivedandimplementedheir cleanlinessrequrementsand

o how they hadmonitoredandverifiedcleanliness.

20.2 CleanlinessMeasures,asViewedby Experimenters

Thefollowing is a complation of the various responseseceived. We arereprodicing
themherewithout modification in orde to provide prod of all theinformationavailable.

20.2.1 CDS
A) Wherewasthe cleanlinessprogrammereally effective?

Instrumentdesignfeatures
Instrumentdesignis centralto contaninationcortrol.
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The optics berch was configued as a compete metal enclosue contairing only
metalsuppot structuesandopticalcompmnents- with two well-consicredexcep-
tions.

e Theentranceapertuesto the telescopeandthencethe restof the opticswerecon-
trolled by dooss, to prevent ingressof contamirantsduring ground assemblyand
in-flight thrusterfirings.

Theonly mechanisnthatrequired lubricatian insidethe optical benchwasthe slit-
scanmecharsm leadscrev which useda burnisheddry leadfilm.

e Thescan-miror drive could be operaed outsidethe optical benchandwasdriven
throughalabyrinthseal.Flexibility wasprovidedby unlubicatedflexural pivots.

e All electrorics were outsidethe optical bench. The grazimg-incidencespectrone-
ter detectorpre-anplifiers andhigh-voltageunits accessethe detectorsvia sealed
feedthoughs.

Pumge systemausedduring assemblyandspacecrft integration usedclean,dry gas
deliveredto the cleanestolumesfirst.

QuartzcrystalmicrobalancefQCM) atambientempersurewereinstalledto mon-
itor depgition on optics.

e Ventports werefitted with labyrinth seals.

A sacrificial dust-caver, fabiicatedfrom Kapton was usedduring spacecraftnte-
gratin, andwasremovedduring redtagitem removal.

Were cleanlinessrequirrmentsdefired for the instrumentsub-asseniies, optics, detec-
tors?

e Eachelemen of the optical chain had a contanination budge which definedal-
lowedlevelsof molecularandparticuate cortaminationat designateghhase®f the
programme(integration, post-clivery andend-d-life).

o In addition eachtype of system(for examge electranic, structuremechanisme¢a-
ble) and eachmaterial (for examge Al alloy, elastomerelectrorncs boad) hada
desigmatedcleaningprocedire which included a vacwm bake with a requred final
partialpressurdimit for organics.

Whatwere thebasedor thesedefintions?

e Optical moddling was usedto estimatethe contaninationthat resultedin a 10 %
lossin perfamance. Thiswasusedastheendof-life budgetfor molecularcontami-
nation However, theseprogmammeshadto be usedwith cautionasthey werebased
ontheratherunrealisticcaseof mocklling with smooth uniform layersof contam-
inant for which the refractive index was known. For hydrocabonsthe refractive
index values (n andk) for carbonandpolythenewereused.

e Molecuar transpet calculatiors usingESABASE softwarewerecarriedoutto sup-
plemen opticalmocklling, andto indicatepotentialproblemareas.



20. CLEANLINESS WORKING GROUP REPORT

TheallowaHle reductia in perfamane dueto particulatesvasdeternined on sci-
entific grounds, suchaslossof throughpu dueto absorptio, loss of contrast due
to scattering.This resultedn a budgetfor surfaceobscuratia by particlesfor each
opticalelement.Thetime requredto meetsuchsurfacecleanlines$evels in aclean-
room of a given classwasgiven by a seriesof curves calculatedby U. Schihle(see
repat of the SUMER grouw) andthesecuneswereusedto defineprocaluretimes
andcleanroon corditions.

Whatmeasueswere takento satisfytheserequiremens?

All materialsusedin ary partof the CDSinstrumer weresubjectedo a screening
processwhichincluded anoutgassingmeasurema.

All commnentswere predsion cleanedby useof a proceduredevelopedin-house
whichhadbeenverifiedusingX-ray phao-electrm spectracopy (XPS).

Compmentcleaningincludeda vacuun bake at pressuresf ~ 100 Pafor atleast
eighthouss at a temperéure appopriatefor thatcompament(e.g.,60 °C for elec-
tronics and100°C for structual compmentsmadeout of Al alloy).

Following the vacwm balke, partswere transfered to heat-sealed¢leanbagsand
thenopenednly in a cleanassemblyarea.

CDSwasassembleth a Class100cleanromn, which hadbeenindependetly veri-
fied by the CDS scienceeam.

The number of staf memlersin the cleanr@mswas contrdled basedon experi-
encegatheed duiing build of the engineeing mocel (EM). Cleanroomclothing,
especiallygloves, wereverifiedto beadeqate.

The CDSteamwasgivenfrequentbriefingsontheimportanceof cleanlines.

How were thesemeasuesverified?

The cleanr@msweremonitoedfor particlatesby facility staf andindepedently
by CDS contaninationcontrolstaf.

Particulatefall out (PFO)plateswereusedto moritor the cleanroon environmett
andthesurfacesf theinstrunment. PFOplatesweremoritoredweeklyandmonthly.

Vacuun chamigrsweremoritoredwith high-sensitvity (10 pPa)residudgasanaly-
sersandgold-on-dasswitnessmirrorswhichwereinspectedy XPSmeasurments.

The cleanr@m ervironmentwasmonitored with aluminum-on-glasswitnessmir-
rors which wereinspectedy infraredreflectancespectromtry.

All facilitiesfor vibration, thermal vacwm andcalibrationweresubjectto a clean-
linessaudt immediatelyprior to andduringCDStests.

Thecompléde instrumrentwasthoroughy inspectedisinganultraviolet lamp (black
light) anda bright, white-light soure.
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B) Would you make any changeswith respectto cleanlinesscontrol for a futur e simi-
lar instrument?

In geneal the contrd proceduresakenon CDSworkedwell. The engireeringmodé
wasa usefu testof theseandsomethingswerechargedasa resultof thatexperience.So
a potertial chang is thatthe very large overheadassociatedvith cortaminationcontrd
earlyin the proglmammeneeddo berecogiized.

C) Would you look for changesat spacecrdt level for a SOHO I1? If so,which?

This also worked well; the formation of the Contamirmation Control Board, in par
ticular, provided a spacecrit-wide view of contanination. It is our impressionthat the
spacecraftontracto wasnotawareof theimportanceof cortaminationcontrolasearlyas
theexpeliments;oncethey wereaware,this wasreasonaly well-cortrolled.

D) How wasthe stability of calibration affected by contamination?

CDSrespomivity remaired constah until the loss-of-attitue afteralmostthreeyears
of operdion. This indicatesthatnoneof the opticd surfaceswascompomisedby con-
taminationeffeds. The on-board QCM'’s in the NI and Gl spectrometersindicatedan
integrated contaninantload of up to 10 ngcm—2 and50 ng cm~—2, respectiely, until this
time.

E) Evidencefor performancechangesn flight with explanation:

Until theaccidentaloss-of-attitu@ attheendof 1998therewasno chargein CDSop-
eratingparametes. However, following therecovery from attitudeloss,during whichCDS
was exposedto tempeaturesin excessof 100 °C for up to threemorths, somechangs
have beenobsenred.

The QCM in the normal-inciderce spectromete(NIS) sav a post-reovery contami-
nantload of ~ 120 ng cm—2 andthe QCM in the graing-incidencespectroneter (GIS)
recorced ~ 440 ng cm~2 afterrecovery. Theresposivity of the nomal-incicencespec-
trometerchannell (NIS-1) (shortwavelengh) had deceasedy a factorof 1.45 (to be
confirmed). The wavelengthrangeof NIS-1 hadshiftedto longerwavelenghs by abou
0.05nm. Theresposivity of NIS-2in first orderremaine unchamged. The resposiv-
ity of NIS-2 in secondorde, however, had decreasedby 15 % (to be confirmel). The
NIS-1spectral-lire shapeswhich, prior to theaccidentaloss-ofattitude wereessentially
Gaussiarprofilesnow have large,extencedwings.

Thesechangs areconsistentvith alayerof contamirationdepaitedontheNIS grat-
ings asrecorad by the QCM. The wavelengthshift in NIS-1 is believed to be dueto a
smallmechaical shiftin thegratirg.

20.2.2 EIT/LASCO
A) Wherewasthe cleanlinessprogrammereally effective?

Instrumentdesignfeatures
Themaindesignfeatueswhich addressedthe cleanlinessssueswvere:
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e Theselectionof prope materialg(all-metalstructure mechanismsandcoatings).

e Theisolationof the cameraelectronicsn a separatenclosureputsidethe opticd
section,which, itself, was designedas a vacwm tank for the pratection of filters
during SOHOlaunch

e Theinclusionof ventirg ports. However, dueto the requrementsof an airtight
enclosue, therewaslimited ventingat the backof the instrumen, in particdar in
thecamerasection.

e A front door, which was airtight (EIT was put underinternal vacuun during the
integrationandlaund phases).

Were cleanlinessrequirrmentsdefired for the instrumentsub-asseniies, optics, detec-
tors?

For the EIT experiment,the molecuar contamimmtionwasthe prime concern Indeed,
the cooledCCD sensoris acting as a very efficient trap for contaninants. Any ice or
organicdepositon the detectorabsorb€EUV radiatian very efficiently, leadingto along-
term degradationof the instrume efficiency andthus makirg ary in-flight radiametric
calibrationdifficult to achieve.

Whatwere the basedor thesedefiritions?

Thecleanliressrequrementsusedfor EIT aregivenhereafte
Particlefall-out

Thetotal allowed particlefall out for the EIT instrumentwasequalto anobscuation
(surfacecoverage)factorof 8 x 10~4. This total amownt wasdistributedasfollows:

e environmental tests(on-grourd): 2 x 104,

e assemblyandintegration: 1 x 1074,

e opticsmandacturingandmouwnting: 1 x 104,
o testsatspacectti level: 1 x 1074,

e launchphase3 x 1074,

Airborne contamiration

Whenthe doa wasopenandtheinstrumenm exposedto air contamiration,the instru-
mentwasheldin cleanr@m Class300(FED-STD-2D9D).

Molecdar contamination

EIT’'s compments,CCD Cameraand computer were built and hardled to the same
cleanlinessspecificationsas LASCO. The maximum allowed molecularcontamiration
before launchwasathicknessof 2.5nm of ary type of contamirantonfilters, mirrors and
detector Thiscorrespndsto amaximumlevel of 250ngcm~2 of ary typeof contamirnt.
Detailedspecificationgregivenin Table20.1.
Whatmeasueswere takento satisfytheserequiremens?

Coatingsandmaterialshave beenchoserin accodancewith the above requiranents.
All testsandcalibratimswerecarriedoutin Class100cleanr@m ervironment. The con-
taminationwasmoritoredduring the entireperiad of integration of theexpetimentby use
of awitnessmirror which wasfixedontheinterral sideof thefront doa of thetelescope.
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Table201: EIT/LASCO contanination contrd specificationgper MIL-STD-1246B (in
nm)

Compment Assembly Integration Pre-lauch On-orbit Endof Life
CCD 25 25 25 5.0 5.0
Interral Surfaces 5.0 5.0 5.0 100 100
Exterral Surfaces 20.0 20.0 20.0 200 200

OnceonthespacecraftEIT waskeptpermaently unde vacwmto protectits internd
filters duringthelaund. This preventedary additioral contaninationuntil SOHOwasin
spacelnformationabou thecalibrationandtestsetupscanbefound in Delabaudini ére et
al. [1995], Song[199%5], andDefise[1999].

How were thesemeasuesverified?

Besidegheanalysisof thewitnessmirror, the EIT appr@achwasbasednthestringen

contrd of materialselectionandof cleanlinesgprocedires.

B) Would you make any changeswith respectto cleanlinesscontrol for a futur e simi-
lar instrument?

e Basedon the expeiiencewith EIT (seebelow), carefilly consideed requiements
shouldbe introducedto ensue thatinstrumers are kept sealedong enowh after
launchsothatproperoutgasingof the spacecrti is achieved.

e Regadingtheinstrumendesigritself, it is highly probale thatcontamirantswould
have beendriven off much more rapidly without the confinanentin the camera
section.Adequateescapgathsshouldbeincludedin future designseitherbetween
the differentinstrumen sectionsor towardsthe outside.

C) Would you look for changesat spacecrdt level for a SOHO I1? If so,which?

No.

D) How wasthe stability of calibration affected by contamination?

A steadydecreasef the overall instrumem resposivity startedassoonastheinstru-
mentdoorwasoperedin spacewith the CCD sensooperatedtits nomnal temperéure
(—68°C), in Januaryl996 SubseqantCCD baleous restoredhe respmsiity only in
part. Startingin the summerof 1996 a non-wiform degradationof the sensomwas de-
tected. The degradationpatternformeda negative imageof the averageSun, suggesting
thatit wasdueto theaccunulateddoseof EUV radiatian atthefocal plane Thoseeffects
affectedstronglythein-flight calibraion andflat-field determiration.

E) Evidencefor performancechangesn flight with explanation:

The currentundestandingof the processesffectingthe EIT responsés asfollows:

e Two compamentscontributeto thedegradation:interral chage-collectio efficiency
losses(CCE) in the CCD sensorand absorpion of EUV radiation by deposited
contaninants. Thefirst effectis indepenlentof contaninationissues.
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Both abore mechaismshadsimilarimportancebefore the springof 1998 but the
CCEeffectseemdo account for all further degrachtionafterwards.

EUV flat-fieldimagesobtairedin Marchto April 199, before thefirst CCD bake-

out, shaw the distinctive patterrs of ice crystals. This providesadditioral suppot

to the geneal hypothesisthat a thick ice layer, well above the 5-nm specification,
wasdepositednthe CCD chipright afterlaunch This might beassociateavith the

prematureopering of the EIT launchlock.

Although the bulk of the contamiration canbe identified as waterice, part of the
degradationmightbedueto organiccortaminantsvhich polymeizedonthedetec-
tor uncer theactionof EUV radiation. This depasit cannotbe drivenoff efficiently
by subsequerbalkeouts.

In thefirst partof the mission,evenshortonehourbalkeous produceda strongre-
covery which was followed by a quick decayof the resposivity. After mid-98,
bakeauts have a muchmore limited effect. A slow and steadydecayis thenob-
sened

The above belaviour suggestghat contamirantswere trappedinside the camera
section,becausehis volume was largely closed,with few pathsfor particlesto
escapehroughtheopticd sectionof thetelescopéAl filter onfront of theCCD, two
smallvents,optically obstricted,to avoid straylight). Therefore,during balkeotts,
contaninantsweredriven off but remainedn the immediatevicinity of the CCD,
andthey thenquicly re-demsitedon thecold CCD sensosurface.

We surmisethattrappedcontaninantshave beenentirely releasedut in 1998due
to enharwed interral heatingof the telescope.The causeis still unclear sudden
increaseof the pinhde areain the front Al filters, allowing morevisible light to

enterthe telescopaube,or the abrormal heatingassociateavith SOHO' loss-of-
attitude.

20.2.3 SUMER

A) Where wasthe cleanlinessprogrammereally effective?

Instrumentdesignfeatues

Most effective was a designfor cleanliness.Many featuresof the instrumen design

have beenimplemerted for cleanlinesgeasons.Below is a list of thesedesignfeatues
andthereasondor theirimplemenation (in parentleses):

e Cleanmetalopticalhousing(i.e., noorganiccompsitematerialin opticalcompart-
ments).

e Apertue doorto close/operthe optical compartment(to reduceingressfrom out-
side).

e A window, which blocked UV, as part of the apertue door (to keepthe primary
mirror athighesttempeatureby insolation).
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e Solarwind deflectorplates(with high voltageappliedto deflectsolarwind away
from thetelescopenirror).

e Useof ultra-High vacwm compnents/matéals insideopticalhousirg (high-T ma-
terials).

e Avoid organic material inside optical compatments(to minimize potential out-
gassing.

o Keepprimarymirror athighestempeatureby solarillumination (to reducedepasi-
tion on sensitve surfaces).

e Dry lubrication on MoS; basisfor all mechaisms(inorgaric lubricatian, no out-
gassing,.

o Useflexural metalpivotsinsteadf bearing wherepossiblgnolubrication needeil

o Keepelectroniccompamentsoutsideopticalconpartmentdo keeporganic materials
away from optics. For exampe, detectorsvere sealedarourd their front facesto
keeptheir rearsidesisolatedfrom the optics.

e Large verting portsfor all subsection®f the optical compatments(for efficient
verting).

e Plasmaandstraylightbarries at venting ports (to avoid ions gettinginside spec-
tromder).

e Puming of opticalcompatmentsat all times(to overpressuse andcleanaway off-
gasingspecies).

e Springloadedapertue doa (asventirg port, but loadedto keepovermpressure).

Were cleanliressrequirementgdefired for the instrument,sub-assembliespptics, detec-
tors?

Cleanlinesgequrementswere definedand were applicalbe for all flight hardvare.
Contaminatio mocklling calculatios resultedin different requilementsfor optics, de-
tectors,and othersub-asemblies.All cleanlinessrequrementshave beencalculatedby
modelling the degradationdueto all possibletypesof contamiration anddegradationef-
fectsthatcouldbe expectedduringexposue to solarEUV irradianceandsolarwind par
ticles, self-cotaminationby dustparticles and outgassingorganic concensablesaswell
aseffectsof acombinaion of these.

Whatwere the basedor thesedefiritions?

The basisfor the deternination of a cleanlinesgequrementwasthe acceptale per
formancedegradationthroudhoutthe entire missionthatwas causedy all possiblecon-
taminationsources A lossof 15 % of thereflectiity of eachmirror wassetasa limit of
acceptablgerfamanceloss. This would resultin abaut 50 % overall loss of resposiv-
ity, anddeterninedthelevel of molecularcontaninationinsidethe optical compartment.
The obscuation effect by particleson eachmirror was not consicgredto be of driving
importance,becausehe effect of scatteringvasmotre stringen: the scientificobjectives
of SUMER requiredthatthe scatteredntensityfrom the telescopemirror mustbe belov
1 x 10~° atanangleof 2'.



10 20. CLEANLINESS WORKING GROUP REPORT

With respecto calibrationstability, molealar contamirationwasregadedasthe ma-
jor concern Normal-ircidencemirrors aremore affectedthangraang-incidencemirrors.
A normalincidencegratirg is also affectedthe mostby a contaninating layer, becage
notonly is thereflectivity degradingbut sotoo is the diffractionefficiency. Mirrors were
identifiedasthe mostsensitve surfacesof the SUMER instrument.To derive theamourt
of contamirationthatcouldbetoleratel, it wasassumedhatary organicmaterialof suffi-
cientthicknessona mirror would leadto anattenuatiorof the reflectedbeam.Also taken
into accoum wasthefactthatthe effect of organic cortaminantsmay be dranatically en-
hancedwhenthe surfaceis expasedto solar ultraviolet radiation when photechemicé
reactiondeadto polymerizationof depaitedmaterial. Sometime agothis wasidentified
astheprimedegradationprocessof opticalinstrumers in spacavhichareexposedo solar
UV radiation.

To confirm quantitatvely theoreticalmodel predctions, expelimental studieshave
beenperformedby contaninatingmirror samplesn vacwumwhile monitoiing theamoun
of contamimmtionandintermittert measuremasof thereflectiity. As aresult,atolerable
contamiration layerof 60 ngcm~2 (of materialwith a uniform densityof 1 g cm—3) was
specifiedo staywithin the budget setby therequiementamentioredabove.

In addition irradiationby solarwind particles(pratonsande particles)maycortribute
to the polymerizationprocess,althoudn at a muchsmallerrate, sincetheir flux is much
smallerthanthe UV flux. However, the radiatio damag dueto this particle bormbard-
ment,which wasinvestigatedn an experimentalsimulation led to a visible alterationof
thesurface presumaly associatevith arougheningof thesurfaceprofile with degrading
effectson the scatteringpropertiesof the mirror. Thusit wasconclucdthatfor SUMER
asolarwind deflectorwasneeded

With regad to particulatecontamiration, a theoetical calculationwasmadeto study
the amouwnt of obscuation andscattercausedoy accunulateddust particleson the tele-
scopemirror. Thelevel of cleanlines®f a surfaceis charactdéred by a particlesizedis-
tributionaccodingto MIL-STD-124@B. Our calculation therdore, modelledthe effect of
opaque, sphericalparticleswith a size-distrilution given by MIL-STD-1246B andgiving
rise to an anguar scatteringdistribution derived by Fraunhder diffractiontheory The
numker of particleslarger thana given sizecanbe plottedasa function of this cleanliness
level. Thisis shavn in Figure20.1.

Theangilardistributionof radiationscatteredby Frauntofer diffractionwascalculated
with thegivenparticlesizedistribution. At verysmallanglesary particlesizecontritutes
to thescatteringand,asa result,the scatteringevel is appoximatelygivenby the obscu-
rationfactor Thus, from Figure20.2 the cleanlinesdevel which mustbe achieved for a
givenstraylightspecificatiorcanbe derived.

In orderto comgy with therequrementsgiven abore, the surfacecleanliresslevel of
the opticalcompatmentof theinstrumrentwasspecified.All surfacesinsidethe SUMER
instrumei hadto be comgiant with a cleanlinesd_evel 200 (accading to MIL-STD-
124@8). Underthe assumptiorof a dustsettlementfunction in cleanroons (a result of
empiricalstudiesin cleanr@msfound by Buch and Barsch [1987]), the expasuretime of
mirrors in cleanr@mscouldbe calculatedor differentair-cleadinessclassesTheresult
is shavn in Figure20.3 for cleanr@m classedetweerClass10andClass100000. It can
beusedto helpdecidewhich classof cleanroon is nee@dfor the project.
Whatmeasueswere takento satisfytheserequiremens?

To staywithin the contaninationbudgé, which wasextremely tight for thosesurfaces
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Figure20.1: Number of particlesequa to or largerthana givensizeversusSurfaceClean-
linessLevelsof MIL-STD-124@8.

of theinstrunentthatareinsidetheopticalcompatment,strictrulesfor theflight hardware
hadto beimplemerned. Measuresmplemertedto maintaincleanlinessvere:

Material and compnentselection: materialsthat are high-vacuumcompdible, or
stableat hightemperattes,werepreferred;no plasticizersvereallowed

Outgassingtestsof all cormponens that contaired organic parts: compaentshad
beensubjectedto detailedoutgasingtestsat increasingtempeatures,includng
chemia@l identificationof outgasingspecieslf thecompmentwasfound to beac-
ceptalte, the condtioning procedure(bale-outtempeatureandtime) wasderived
from this test.

Precisiorcleaningof all flight hardvare: cleaningprocedireshave beenwritten for
differenttypesof hardware accordng to their compatilility with cleaningsolvents.

Vacuum bakirg and pumging cleaningof all partsand compaentsafter cleaning
after they had beencleaned,all compmentswere placedin a vacuun oven with
an oil-free roughing pump (menbranepump andpurged with dry, cleangaseos
nitrogenduiing the bakirg process.This turned outto be moreeffective thanhigh-
vacwm baking

Cleanroaon facility (Class100): thetime of exposureof optical partsin the clean-
room duringintegrationandalignment testsmadethe useof a Class100cleanr@m
arequrement.Sucha cleanr@m wasusedfor theintegrationof all flight hardware
commnents.

Charcal-filtered cleanr@m air: the air circulation systemof the cleanroon was
equigpedwith charcal filters to avoid organic contaninantsin the cleanr@m air.

Oil-free pumpirg systemdor testandcalibraion systemsall vacuun systemdad
oil-freepunps.
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OBSCURATION BY PARTICLES

/

Obscuration Factor

10 N N T | T N T | N T |
0 100 200 300 400 500
Particle level per MIL—STD—1246

Figure20.2 TheobscuationfactorversusSurfaceCleanliness evel. Theareas obscued
by the particledistribution of MIL-STD-124@8.

Packagng in cleanbags:hardware wasalwayspackedin cleanr@m bagsfor stor
age.

Pumging of theinstrument wheneer possiblewith dry N2 (Grade 5.0, corresponihg
to arelative purity of 99.99 %).

How were thesemeasuesverified?
A variety of controlandverification methashadto be used:

Particlecourtersin all cleanr@m areas.

Inspetion with bright UV lamp and white-light spotbeam. The UV black light
lampwasvery usefulfor detectingluorescingdust. Flakesor chipsof metal,which
do not fluoresceunderUV light, were detecteddy useof a bright white-light spot
uncergrazingincidene.

Microscic inspectiom of incoming or cleanedhardware A UV black light was
usedfor visualinspectioranddetectionof dustparticleson surfaces.

PFOmonitor platesusedaswitnessplatesin cleanroons/benchs. Thesurfacecov-
erageof themonitorplatescanbe evaluatedby a PFO-meter

Useof witnessmirrors andverification by IR analysis.
QCM morntors wereusedin vacuum testchambes.

Verificationof surfacecleanlinesdevel by particlecountsusingtape-lit-sampling
(accadingto ASTM E 1216. The number of particleslarger thana given sizewas
courtedundera microscopeandcomparedto the chartin Figure 20.1
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Figure2023: SurfaceCleanlinesd eve (of MIL-STD-124@B) versts time of exposurein
laminarflow cleanr@msof Classed0to 100000(FED-STD209D).

B) Would you make any changeswith respectto cleanlinesscontrol for a futur e simi-
lar instrument?

e Giventhelossof respasiity expeliencedduring theloss-of-attituwle of SOHO(see
poirt “E” belaw), thereis noreasorto relaxthecleanliressrequilementsor descope
ary of theefforts.

o Intersify cortrol andverificationof materialselectionprocess.

C) Would you look for changesat spacecrdt level for a SOHO I1? If so,which?

For a Pl-payoadtype of mission,intensifycomma materialselectiorandscreenig.
Makerough vacwmbakingwith dry punpsandpumgingmandatoy for cleanirg hardvare.

D) How wasstability of calibration affected by contamination?

The calibrationturned out to be remakably stableduring the noninal missiontime.
Therewasno effect of contamimtion until a redistritution of contamirantsoccured due
to temperatte excursionsduring SOHO' accidenthloss-of-attitue.

E) Evidencefor performancechangesn flight with explanation:

During the opertion of theinstrumen in spaceno degradationdueto contamiration
couldbedetectedthusproving the effectivenessof the cleanlines®fforts. After SOHOS
loss-of-attitule, however, a loss of resposivity was found. We assumehat the lossin
spectraresposivity wasasindicaedin Table20.2

Theserelative resposivity chamgesarethoudt to be dueto residualcontamiration
preseninsidetheinstrunent; contaninationappaently hadbeencollectedon coolersur
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Table20.2 Relatve resposivity lossafter SOHOS loss-of-attitu@, measuredt severd
wavelengtls:

Hel 584 nm 26%
Mg x 60.962.4nm 28%
Nv 1238 nm 39%
Neviil 77.0nm 34%

H1 Ly continwum88.0nm 29%

facesf theinstrunmentstructureduiing the precedhg years.Following thelossof SOHOS
attitude,the telescopanirror wasthe coldestsurface,sinceit wasnot illuminated,while
its radiatorfacedcold space.As aresult,during this time, cortaminantamight have been
driven off ary surfacethatwasheatedwhile the Sunwashitting the spaceaft sidevays,
andthesewereprobably collectedonthe cold mirror.

20.2.4 SEM
A) Where wasthe cleanlinessprogrammereally effective?

Instrumentdesignfeatures

The instrumant was designedso thatall electronicswere completelyseparatedrom
the spectrometerSpecifically the electranics waslocatedimmedately underthe opticd
benchin an enclosedbox which could slowly ventto spacebut not toward the opticd
bench Further a shutterwaskeptin front of the solarviewing apeture for severaldays
sothattheinstrumen could outgaswithout sunlightpolymerizingary hydrocabonsthat
might have concensedon the thin-film filters in the opticaltrain prior to spacecraftom-
missioningin flight.

Were cleanlinessrequirementsdefired for the instrumentsub-asseniles, optics, detec-
tors?

Cleanlinessequrementswverelimited to storageof theinstrument opticalcompments
in adry-nitrogenatmosplerewhenthey werenotin use.

Whatwere the basesfor thesedefinitins? What measues were taken to satisfythese
requirements?

During calibratian, all vacuun systemsawereoil freeandduring fabricationonly clean
benclesandfiltered, air-corditionedlaborataies wereutilized. The basisfor the modest
requiementswvasour previous experiencein soundimg-rocket missionswherea compar-
ison of pre-flight andpost-flight calibrationconsistentlyshaved insignificantchangsin
instrumei respomitivity whenthe above procedurs werefollowed. (With hindsigh, the
evidercegairedfrom rocketflights maynothave beenentirelyvalid for the circumstaces
of along-termspacecrafmission.)

How were thesemeasuesverified?

Theprogrammne manag@r verifiedthattheabove procedireswerefollowed No further
checkswereimplemenied until underflight calibration rockets were flown following the
launchandcommissioningof SOHO.
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B) Would you make any changeswith respectto cleanlinesscontrol for a futur e simi-
lar instrument?

No.

C) Would you look for changesat spacecrdt level for a SOHO I1? If so,which?

We do notbelieve we couldpracticallyimprove our contamiration contiol without the
installationof a Class100cleanroomatthe University of Southen California. Theresult
would prabably be of mamginal value.

D) How wasthe stability of calibration affected by contamination?

It seemamostlikely that spacecrafbutgasinghasbeenthe sourceof our obsered
(minor) degradationof instrument respoisivity.

E) Evidencefor performancechangesn flight with explanation:

The chamgesin responsiity of the SOHO SEM instrumentare consistentwith the
depositionof a contanination layer equiaent to the absoption of a total of 15.0 nm
of carbonon our optical elemeits (aluminium thin-film filters) sincethe time our instru-
mentwasdelivered for integration on the spacecraftntil now (1 October200]). Thisis
ratherlittle integral contamiration since1995 but its effect mustbe accounted for and
therespomsivity mustbe correctedaccordngly, sothatwe canmeasureghe absolutesolar
irradiarce with anaccurayg of 10 %. The sourding-rocket undeflights have beenneces-
saryto cortinueto ensue thisaccuray. The cortaminantdepositiorratehasnow sloved
significantly ashasthe chargein instrument resposivity. Lower outgassingof thespace-
craftand/orourinstrumenwould evidertly behelpfulin reducirg, or perhags eliminatirg,
noticealte contanination-irducedresponsiity chan@s. This assumeshatthe spacecraf
test-chambrswerenot the sourceof apparehcontaninant-divenrespoisivity changs.

20.2.5 UVCS
A) Where wasthe cleanlinessprogrammereally effective?

Instrumentdesignfeatures

Thecleanliressprogrammewaslaid outin appopriateprocess-contratiocunentsthat
specifieda total allowable quariity of chemicaland particulatesurface contanination,
procedresfor the cleaningof parts,allowable solventsand materials. The cleanliness
requiementon UVCS wereasfollows:

e Fortheinterior of the UVCS housingandall itemsinterral to housing nonvolatile
residuewasto be < 100ng cm—2 andparticlecourt wasto be < 8 x 10* m~2 for
sizes> 5 um.

e Fortheexterior of UVCS howsingandall itemsextemalto thehousirg, nonvolatile
residuewasto be < 250ng cm—2 andparticlecountwasto be < 9 x 10°m=2 for
sizes> 5 um.



16 20. CLEANLINESS WORKING GROUP REPORT

Whatwere the basedor thesedefiritions?

For our optics, the requrementswere basedon the allowable and expectedUV ab-
sorptionthrough, and UV inducel polymerizationof, the adsorled layers. In addtion,
the particulatelevelswerecontrdled to a low level to minimize scatterof directsunligh
impinging on opticalsurfaceqe.g, thesunlighttrap)within theinstrumen. For othersur
facesit wasbasedon modelsof outgasing,migrationof materialto the opticd surfaces
andsubsegantphotopolymerization.

Certaincompments,suchasdetectos andthe structue itself, requred specialatten-
tion. The UVCS structurewasmadeof GraphiteFiber Reinfored Epoxy (GFRE),which
hada nonngjligible coeficient of moistureexparsion. Thusit hadto be keptvery dry
through a rigorous purging progamme. A specificatiorfor total allowable moistue ab-
sorptionandappr@riatetestandmeasuremntproceduresveredeveloped. Thedetectors’
photaathods, which also are sensitie to moistue, were opento the ambiern erviron-
ment. Attemptsat a continwousdry-nitrogenpurge for themweremade.
Whatmeasueswetre takento satisfytheserequiremens? How were thesemeasuesveri-
fied?

To contrd particulatecontanination,cleanr@msof Class10000andcleantenchesf
Class100within cleanr@mswereusedor all assemblyvork. Thecleanr@mair-handing
systemstypically usedprefilterscontainng activatedcharcoal to remove hydrocarlons
from the circulatirg air and therely limit the depgition of volatile hydrocabons. To
minimize water absoption and moistureinduceddegradation humdity was contrdled,
andpumging progammeswereinstitutedasappopriate.

Specialattentionwaspaidto materialsselection:only thosewith low or no outgassing
charactestics wereusedwhene&er possible.In caseswvheretherewereno low- or zero-
outgassingsubstitutesavailable, the quartities werelimited and/orthe materid was en-
closedor encapulatedto prevent or limit the outgassing. Attention was paid to design
details. For exanple, no enclosed(and therefae uncleanale) volumesor voids were
allowedin the UVCS structual elements.In addition, electronicsubassembliesyhich
typically run “warm” and outgas plasticizers were ventedto the exterior of the UVCS
instrumen, away from opticalsurfaces.

Labaatorytestswerecarriedoutonthe GFREmaterial. Samplef thematerialwere
heatedandlocatedin proximity to opticd surfacesthatweresimultaneasly illuminated
with intenseUV radiation. The UV reflectawe of thoseopticswas measued in situ as
a function of exposuretime to deternine if the GFREwasemitting UV-absorbingmate-
rial thatwascollectingon the (room tempeature)optical surface. No chargein UV re-
flectanceof thetestopticswasfound for testsof thematerialusedfor UVCS. Specialcare
wastakenwith lubricants: in someassemblie¢for examge in cavities containng opticd
compaments)nore wasallowed. In othercasespnly thosehadvery low vapair-pressues
anddid not containsiliconewereallowed.

To drive off volatiles, cablesand otherpartswere vacuun baked befae installation.
Theinstrumentstructurewasvacwm baked severd timesprimarily to drive out absorled
water but this was effective in removal of othervolatilesaswell. The instrumentwas
purged with dry nitrogengaswheneser it was not actively being assembledtested,or
aligned. Freqent measuremntswere carriedout of particle and moleculardemsition
ontowitnessplatesthat“traveled with theinstrunent.

"Washes of somesubassembliesould be directly carriedout. The rinseswerethen
analyzeothto determire quantitiesof residue pbothvolatile andnonvolatile,and,using
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infrared absorpion technques,to determineits identity. Tempeature-caitrolled quartz-
crystal micrabalance TQCMs) togetherwith analysisof materialdepaited onto traps
cooledby liquid nitrogenwereusedduring vacwm exposuresof compmentpartsandthe
entireinstrument to measureutgasingrates.Theidentity of the materialdepitedonto
thetrapswasdetermired usinginfrared-absgption measuements.Reflectanceneasure-
mentsin thevacuun UV werecarriedoutontheflight compneris themseleslatein the
progamme.

Basedon thefindings, it wasdecidel to replace the optical elemetts just befare final
assembly The replacenentoccured appoximatelyten morths befae launch Finally,
theinstrumen wasallowedto outgasin flight for onemonthprior to solarUV exposure.
Theideawasto allow absorled moistureandothervolatilesto escapédo spacebefore UV
polymerizationwaspossible.

B) Would you make any changeswith respectto cleanlinesscontrol for a futur e simi-
lar instrument?

UV detectos would have doas andbe actively pumped prior to laund. Therewould
betime schedled for changoutof opticsimmedidely prior to final delivery.

Thecleanliresscontol programne wasgenerdly successfulConsequetty no partof
it canbeeasilyidentifiedas“excessve’ or “unnecessary”.

C) Would you look for changesat spacecrdt level for a SOHO I1? If so,which?

Final delivety of instrumers shouldbe ascloseto launchasis possible Opticalcom-
ponerts or subassembliesouldthenbe changdoutasnecessary

D) How wasthe stability of calibration affected by contamination?

The UVCS endio-endcalibratims weredonein Juneof 19%. Basedon commnert
measuremntsascompmredto end-teendrespose,therewaslossof quantun efficiency
of a factorof two for the UVCS O-vI detectoranda factorof four for the UVCS Ly-«
detector Puging of theopenUV detectos wastherefae only maminally successful.

In flight we have carriedout obserationsof a nunber of starsandcomparedour in-
tensitymeasurenms, basedon the Junel995calibration to thoseof otherinstrumers
on otherspacecrdf In geneal, agreemenwithin the estimateduncertaities hasconsis-
tently beenfound. Many of theseobsenations have beenrepeatedn a yearlybasisfrom
the beginning of the mission.No chargeshave beenobsened. In additionwe have com-
paredco-tempmralandco-spatiabbserationsof thecoramato thosemadeby Spartar201.
Again,agreerentwithin theuncetainty hasbeenfound.

Usingtheinterral occulterto controlthe vignettingof the apertue, we have alsocar
ried out measuremntsof the respmseof UVCS asa function of urvignettedapertue.
Again, except for perhag thefirst 1 mm of mirror at its edge,no discernilte changs in
resposehasbeenfound during the mission,or compaedto compnenttevel testing.

E) Evidencefor performancechangesn flight with explanation:

As mentioredabove, repatedobsenationsof thesamestars(bothbefae andafterthe
accidentahttitudeloss),have beencarriedout. In geneal we have not seendiscernible
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chan@sin UVCS resposeto thosestars. Obsenation of interplangary hydrogenLy-«
emissionasa function of urvignettedaperturendicatesno measurale chang duiing the
missioneven thowgh the mission-iriegratedlight exposue to the mirrors hasbeenvery
nonuniform (asis requred by the cormagrajic occuting system) We therefoe believe
thattheperiormarceof UVCSis stableandessentialljunchangedsinceits end-teendtest
in 1995.

20.2.6 VIRGO
A) Wherewasthe cleanlinessprogrammereally effective?

Theapprachof VIRGO wasa pragnaticone,no verificationbut stringentcontrd of
measures:

e Verystringentrequrementsfor materialsselection.

e Degassingof all mandacturedpartsbefae assemblyinto sub-units or the experi-
mentin vacuum attempeatureshetweert0 °C and120°C (depewling on material,
parts,etc.).

e Assemblyof printedcircuitsin cleanbencles(befae cleaninganddegassing).

e Assemblyof all sub-urits andthe experimentin a Class50000 cleanroon with
charoalfilters (hydrocarbors ratherthandustweretheimportantissue).

o After assemblypumging with grade6 N> (implying a relative purity of 99.999 %)
with lowestavailableamoun of hydrocartons.

e Whenleaving thecleanromn, purging wasalwaysmaintained during testswith the
Sunandtranspaotationto ervironmeral tests,Assembly Integration and Verifica-
tion (AIV) etc.).

e Floodng atthe endof the vacuum testswasalwaysperfomedthrough the purging
line.
B) Would you make any changeswith respectto cleanlinesscontrol for a futur e simi-
lar instrument?

No.

C) Would you look for changesat spacecrdt level for a SOHO I1? If so,which?

No.

D) How wasthe stability of calibration affected by contamination?

Very muchso. Compard to the EURECA (EUrapeanREtrievalde CArrier) mission
the SolarPhotoneter (SPM) degradedmuchless(the obsered lossof responsiity after
five yearsis still much lessthanon EURECA afterninemonttsin space).
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E) Evidencefor performancechangesn flight with explanation:

Thelossof attitudeinfluencel the radianetersin a way which s still not comgetely
undestood.Howeverit is notanissueof cleanliness.

20.3 Commentsonthe MeasuresTakenfor the Indi vidual
Instruments

20.3.1 CDS

Herethecritically cleanhardvarewasmourtedinsidetheinstrumeit's opticalbench,
with actuatorsnountedoutside andcoupledto aninternalmovablemirror or slit by flexi-
ble cougings. Theopticalbend waspurgedwith dry gasuntil launchto minimizeingress
of contamimants. The shutterfunction was provided by a pair of doas mountel on the
front faceof theinstrurmentexterior.

20.3.2 EIT

The evaclatedtelescopavasa goad choicefor this experiment. Exterral contanina-
tion thuswasno threatto perfaomanceafterassemblyapat from periads whenthe door
hadto be openedfor functioral testing). Thelow pressureavasalsoimposedby the need
to minimize stressesn thethin-film filters during launch

The mockratevacuum was, however, a nuisarce at spacecft level, particulaty once
the spacecrafwas integratedwith the launder.  Also, the vacwum was not quite good
enoudn to remore all effeds of moistue onthedetectomperfamance

A badfeaturefor cleanlinessvasthe necessityfor two actuatos to drive filter wheels
inside the telescopevolume, becase the windings and lubricarts of the actuatorsarea
likely sourceof molecdar contanination. The CCD detectorwas morewer the coldest
item within the telescopeandthe history of operatims shavs that periodc warmirg to
+30°C wasnecessaryo restoreperformane. A highe balke-outtempeaturemight have
beenbendicial.

20.3.3 LASCO

This instrumen was lesssensitie to molecularcontamiration sinceit wasdesigned
for visible light. Thisallowedthethreetelescopeso containmechanismsvith low risk of
polymerisingdepaitedoutgassingbeyond thefirst opticalelemensincethatblocked UV.
Thefront surfaceof thatelemenbbviously wasexposedto thefull solarspectrunbut was
itself pratectedby the shutterdoa while outgasingmaterialsonthe Sun-ficirg sidewere
limited in numberandcoud be carefdly selectedContinwouspurging wasapplied

20.3.4 MDI

As in LASCO, thefirst window of MDI limited transmissiorof shortwavelengtls (in
factto a 5-nmbandpssin red light) and,like CDS, MDI hadaninternaloptical bench
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althoudn this was mainly for thermalcontiol. Thesemeasueslimited the sensitvity to
molecula contamirmtion almostentirely to the front faceof the entrarce window andto
thecold CCD.

20.3.5 SEM

SEM did suffer someperfamancelossasif acquiing a carbondepait. This instru-
mentwasa lateadditionto SOHO' payloadandwasfittedin anonideallocationlooking
alongthe surfaceof athermalblanket with a poorview of spaceandsowaswarmerthan
is usual.

20.3.6 SUMER

SUMERelectedo have two opticalcompartments Thefirst accommadatesa primary
mirror in full sunlightwhichasaconsegenceis quitehot(at80 °C). Theseconctontairs
a gratingandtwo detectos, but thesehave low levels of illumination sincethereis a slit
betweerthe two commartments.The entrarce door of the instrument hasa window that
transmitssufiicient visible andinfrared light to ensurethat the primary mirror is at the
highesttempeaturefound in theinstrumer.

20.4 Concluding Remarks

In trying to eliminatethe degradation of the radiametric resposivity of the SOHO
instrumerts, a suitabledesignwas paramaint. The main measuregaken by the larger
(EUV) instrurmentswere:

e Ensuing thatopticswerewell separatedrom poterial contamirationsources,

e acarefulselectionof materials,

andbefae praceedingwith theassembly:
e Vacuum bakingof relevart itemswith monitaing of the outgasedproducts.

Instrunentdesignes also attemptedo budgé for contamination effectsthoudh this
is difficult to do with muchconficencefor the VUV, giventhe limited knowledgeof the
characterof the depcasited materials. This wasa particulaty delicateproblem whenthe
detectorhad an open (exposed)photaathodewhose phao-electran emissioncoud be
modifiedby the depaition of extraneousmaterials.

More detrimentalto the stability of calibratia is the effect of scrubling of thechanné
platesin the opendetectos of SUMER and CDS. This makes contiruouscompeigation
for gain degradation necessaryOnly with reguar calibrationcomparisonmeasuements
(JOPIntercal01) wasthis possible.For the SUMER detectorsthe gain degradationled
to untimely blindnessbecase not enowgh high voltagewasavailable from the electrical
power supply unit to compensatefor all the decreasen gain. In future missions,such
inheren instability of the channelplate detectorscan only be avoidedif channé plate
detectoheadsarescrubbedincervacuum andkeptsealedundervacuum by acover which
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can be openedfor calibration and missiondeplgyment. Sucha cover mechaism was
originally planredfor oneof the SUMER detectorsout fell victim to schedle constrais.

Ventirg of a detecto compartmentto a lesscritical one carriesthe risk that verting
flows might reverseundersomecircumstanes. This is avoidedmosteasilyby providing
a positive purge gasflow from the optical compartment. An overpressuran the opticd
compatmentcanbesuppated,asit wasdore in SUMER, by sealingthedetectos around
therim of theirfront faces.

CDSandSUMER stresghatcleanlinesscontiol mustbe considerd earlyin the pro-
gramne andmustbe adeaiatelyfunded. Materialsselectioncanconsune muchtesttime
befoe selectioncanbe corfirmed. A comma test progammemight be valualle even
before instrumem phaseB commertes. This is suppoted by the answergo the question
aboutspacecrafimprovenents.

With theexcepion of theconseqencef theperiodwhenattitudecontrd waslostand
large temperatte excursionsoccured in mostexpetiments,the radiomeric resposivity
of the SOHOinstrumentsvasessentiallystablein flight. The measuestakento maintain
acleanspacecrft andcleaninstrumentave beenvery successful.
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