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Abstract
Thesubmillimeterwave limb-emissiorsoundercalledSMILESis currentlybeingdevelopedfor the
Japanesé&xperimentModule of the InternationalSpaceStation. It will obsere the spectralemis-
sionlines of several stratospheritracegasegelatedto ozonechemistry We presentransmission
andreflectionmeasurementwith a submillimeterwave vectornetwork analyzerof variousopti-
cal sub-componentsf SMILES, whichincludecorrugatedeedhornsandcorrugatedack-to-back
horns,anovel singlesidebandilter anda conicalcalibrationload.

1 Intr oduction

SMILES s asubmillimeterwave limb-emissionsoundemwhichis currentlydevelopedfor the Japa-
neseExperimentModule of the InternationalSpaceStation[2]. It will obtainglobalmapsof CIO,
BrO, HCI, O3 and other stratospheridracegaseselatedto ozonechemistryby observingtheir
spectrakmissioniinesin two frequeng bandsat 624.32—-626.32nd649.12—650.3%Hz. Two su-
perconductinglSmixerscooledby amechanicatoolerwill guarante¢hevery highestsensitvity.
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Figurel: AmbientTemperatur@®©ptics(AOPT) moduleof SMILES. Submillimeteradiationfrom
the cold sky andthe atmospherentersthe AOPT throughtwo corrugatedBack-to-BackHorns
(BBH). Theoutputto the cryogenicmixersis hiddenunderneatlhe singlesidebandilter.
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TheAmbientTemperatur®©pticssubsystenasshavn in Figurel providesLO injection,single
sidebandiltering andEMC isolationfor theradiometerThisis achieredby freestandingvire grids,
a novel configurationof the Martin-Puplettinterferometebasedn Frequeng Selectve Polarizers
(FSP)andcorrugatedBack-to-Back(BBH) horns,respectiely. Otheroptical elementoutsideof
the AOPT arethecorrugatedeedhornsof the SIS mixersanda black-bodycalibrationload.

This paperreportson measurementsf thesecritical quasi-opticakcomponentsn the submil-
limeter range. Their transmission-and reflection characteristiovere determinedwith a vector
network analyzerfrom the compary AB-Millimetre!. In our configurationof thisinstrumentcoher
entsubmillimeterradiationis generatedrom a phasdocked Gunnoscillatorusingharmonicmul-
tiplication. A harmonicmixer with a secondGunnoscillatorphase-loc&d to the samereference
frequenyg asthefirst oneis usedfor the detectionandallows amplitudeand phasemeasurements
with high dynamicrange[3].

2 Corrugated FeedHorns

Thetwo SISmixer blocksof SMILES will be equippedwith corrugatedeedhornsthatareknowvn
to producesymmetricGaussiateampatternswith low side-lobeg$9]. Howeverthey arenoteasyto
manubcturefor frequenciesn thesubmillimeterregion anddetailedantenngatternmeasurements

aremandatory
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Figure 2. Measuredamplitudeand phaseof the SMILES corrugatechorn antennaogetherwith
modelpredictions.This measuremeris a cut throughthe E-planeat a frequeng of 602.5GHz.

1AB-Millimetre, 52 rue Lhomond,75 005 Paris, France http://iwwwabmillimetre.com
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Figure3: 2-D antenngatternof the corrugatecdhornantennaSolidlinesrepresenthe 3 dB andthe
first 10 dB contoursof the measurementottedlines arecircleswith 5° differencebetweertheir
radii.
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A first prototypeof the SMILES horn antennavas mountedon the harmonicdetectorof the
ABmm systemandrotatedin azimuthandelevation usinga motorized2-axisrotationalstage.The
submillimetersourcewith anothercorrugatechorn antennavas operatedat a frequeng of 602.5
GHz andremainedixedin a distanceof 250 mm. Sincethe aperturediameterof the hornunder
testis 4.2 mm this distanceis morethanthreetimeslarger thanthe far field requiremen2D? /\.
Threemicro-positionersare usedto adjustthe positionof the phasecenterof the horn undertest
with respecto therotationalaxesto achiee aflat phaseresponsén the mainbeam.

Amplitude and phaseof the 1-D antenngpatternsin Figure2 arein goodagreementvith the
predictionsof the mode-matchingnodel CORRUG [1] down to the-50dBlevel. Othercorrugated
hornswith a differentdesignshaved a similar goodmatchbetweermrmeasuremen@sndmodel.

The symmetryof thehornis revealedby the 2-D antenngpatternin Figure3. Smalldeviations
onthe-40dB level atelevationsbeyond 2(° arecausedy artifactsof the antenndestrange.This
is indicatedby thefactthattheasymmetrydoesnot changewvhenthehornis rotatedoy 180°.
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Conventional MPI A pair of FSP’s

Figure4: Schematicsetupof a conventionalMPI anda pair of FSP5. Thewires of eachgrid have
anorientationof 45° with respecto the polarizationof theincomingradiation.

3 SidebandFilter

Many millimeter andsubmillimeterwave receversmake useof the Martin-Puplettinterferometer
(MPI) to achieve singlesidebandperation7]. Thefrequeng characteristiof aMPI canbe easily
tunedby changingthe optical pathdifferencein oneof thetwo interferometearms. For fix-tuned
applicationsin spacethis hasthe disadwantagethat the dimensionsof the whole interferometer
have to be machinedto an accurag in the orderof 1um andthat thesetight toleranceshave to
be maintainedover the whole temperatureangeof operation. Anotherdravbackis that residual
reflectionsdueto the imperfectperformancenf the grid causestandingwavesin the opticswhich
couldlimit theaccurag of theinstrument.

Source 90 deg

Absorber

Detector 45 deg

Figure5: Quasi-opticahetwork for transmissioimeasurementiirougha pair of FSPs
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Figure6: Transmissiommeasurementsirougha pair of FSPswith Ad = 1.9 mmtogethemwith the
theoreticakurvesfor the correspondindgPl andFSPinterferometers.

To avoid theseproblemsa new configurationof the MPI asshaw in Figure4 will be usedfor
SMILES[4]. It is basedontwo Frequeng Selectve Polarizerg FSP)which consistof a wire grid
placedin a specificdistanceAd parallelin front of a flat mirror. This device is free of residual
reflectionsandmoresuitablefor fixed-tunedapplicationssincethecritical tolerancehave to be met
only within the FSP

Whenthetheoreticatransmissiothroughsuchadevice is calculatedhe non-ideabehaior of
the wire grids hasto be modelledin detail becauset hasa significantinfluenceon the frequenyg
characteristiof the FSP5. As discussedh [6] the cross-polacomponentsf thesignaltransmitted
andreflectedby the gridsshift thefrequeng of the bandpassinimaandmaximaof the FSPfilter
comparedo acorventionalMPI with similar pathdifference.

Thetransmissiorthrougha first prototypeof two FSPs with Ad = 1.9 mm wasmeasurean
a quasi-opticatestbenchusing the network analyzer(Fig. 5). Two elliptical mirrors producea
Gaussiarbeamwith a beam-vaist radiusof wy = 10 mm betweenthe FSP5. The wires of both
FSP5 have averticalorientationwhile thewires of thereflectinggridsaresetfor 45° polarization.
Thefirst grid afterthevertically polarizedsourcecanberotatedby 90° to obtaintwo measurements
H andV.

ThenormalizedatiosH/(H + V') andV/(H + V') asdisplayedor differentfrequeng bandsn
Figure6 areameasurdor thesidebandguppressionThetransmissiominimaarealreadybelow the
noisefloor of this measuremerdndcanbesmallerthanthe obseredvalues.This figurealsoshavs
theexpectedcharacteristicef a corventionalMPI andof the FSPfilter with thesamenominalpath
difference. The frequeng shift betweenrthe theoreticalFSPcurve andthe measuremenis about
300MHz, which correspond$o 1 pm machiningaccurag of Ad.
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Figure7: Designof the CalibratedHot Load CHL. The aperturehasa diameterof 60 mm, total
lengthis 317mm.

4 Calibration Load

Theradiometricon-boardcalibrationof SMILES will be realizedby alternateobserationsof the
cold sky andof a black-bodycalibrationtamgetat ambienttemperatureThe designof this loadwill

bebasedntheCalibratedHot Load(CHL) whichwasdevelopedby Thomas Keating Ltd. andAEA
Technologies within an previous submillimetedimb-sounderstudyof the EuropearSpaceAgensy
ESA[5]. Figure7 displaysthe designof the CHL basedon a taperedaluminumconelined with
microvave absorbingmnaterial.

Source
vertical
Sub | Grid 1 Grid 2 CHL
ubmm | horizontal 45 deg
Vector- ; . .
Network S N
Analyzer i i
Detector Elliptical Absorber Stepping
horizontal ~ Mirror Termination (RAM)  Motor

Figure 8. Setupof the quasi-opticareflectometer Device Under Testis the CHL mountedon a
motorizedtranslationstagewhich allows to alterthe phaseof thereflectedsignal.

A guasi-opticaleflectometewasusedto measurghe monostatiaeflectiity of the CHL. This
propertyis of specialinterestoecausé determineshe amountof standingwavesbetweertheload
andtherecever andthusthebaselingipple of the calibratedspectraTheschematidiagramof the
reflectometesetups givenin Figure8. Thevertically polarizedoeamfrom the ABmm sourcepasses
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Figure9: Reflectiormeasurementst 625GHz of the CHL andotherabsorbingnaterialsatdifferent
axial offsets.

througha first horizontalgrid. The secondyrid, setfor a polarizationof 45°, actsasa 3 dB beam
splitter Half of thepower is transmittedo thedevice undertest(DUT), in this casethe CHL, while
the otherhalf is reflectedto a beamterminationmadeof the submillimeteswave absorbeRAM?Z.
Thereturningsignals,which werereflectedat the terminationor atthe DUT, arethenrecombined
with the45° grid andpartly routedto the detectoby the horizontalgrid. Two elliptical mirrorsare
includedin thereflectometeto form a beam-vaistwith wy = 10 mm closeto the apertureof the
CHL.

Amplitude andphaseof the detectedsignalaredeterminedy the reflectiity of the DUT and
the absorbetterminationand by the pathdifferencein the two armsof reflectometer To separate
thetwo componentshe DUT is mountedon a motorizedtranslationstagewhich allows to move it
parallelto the beamaxisover a distanceof oneor morewavelengths.

Figure9 shavs sucha measuremerdf the CHL andof two othercommercialbsorberlRAM
and AN-723. The measurementf a flat aluminum plate,alsoshawvn in this figure, was usedto
establishthe 0 dB reference Multiple reflectionshetweerthe Aluminum andthereflectometeare
causingthe distinct periodic modulationwhenthis plateis moved. In the caseof the CHL and
the RAM the modulationsaredueto theinterferingsignalsof the DUT andthe absorbetermina-
tion. AN-72 producesa flat responsdecauséts reflectiity is muchhigherthanthatof the RAM
termination but still low enoughto avoid a significantcontritution from the multiple reflections.

In polar coordinatesandon a linear scalethe datapointsof eachtaget lie on a circle dueto
the phasechangefrom the moving DUT (Fig. 10). Theradiusof thesecirclesis a measureor

2RAM: submillimeterwave absorbewith a pyramidalsurfacefrom Thomas Keating Ltd.
3AN-72: flat foamabsorbefrom Emmerson& Cuming
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DUT: CHL
Frequeng. 625GHz
RadiusR:  3.17-1074
Reflectvity: -70dB

Figure 10: The sameCHL measurementasshavn in Figure9, but on a linear scaleandin polar
coordinates.

the monostaticreflectvity of the DUT. The signalreflectedat the fixed absorbeterminationhas
a constantphaseandis responsiblgfor the offset of the circles. From this measurementf the
CHL an outstandinglylow reflectvity of -70 dB at 625 GHz canbe deduced. Similar resultsat
otherfrequenciedbetween200 and 700 GHz arereportedin [8] togetherwith passie reflection
measurementsf the CHL at278 GHz.

5 Back-to-BackHorn

To avoid EMC problemghesensitve recever of SMILES hasto beisolatedfrom thelow frequenyg
RF contaminatiorof thespacestation. Thiswill beachiezedby two corrugatedack-to-Backiorns
(BBH) which couplethe atmospherisignalandthe cold spaceview of the sidebandermination
into theshieldedenclosureof the AOPT module. The BBH's have atotal lengthof 130mm andact
asovermodedvaveguidesfor thesubmillimetemwaveswhile RF radiationwith alongerwavelength
is preventedfrom enteringtherecever. A majorconcernarereflectionsatthe BBH's which would
causestandingwaves in the optics. For that reasondifferent BBH prototypeswere testedin a
reflectometesetupsimilar to the oneshavn in Figure8. A third elliptical mirror afterthe second
grid hasto be addedto imagethe sourceanddetectothornsontotheinput of the BBH. Thelateral
positionof theBBH canbeadjustednanuallyusingtwo micro-positionerso optimizethealignment
for minimal reflections Anothermotorizedpositionermovesthe BBH parallelto the beamaxis.

Figurelldisplaystheamplitudeof the detectedsignalfor differentaxial positions.The modu-
lationsagainarecausedy thesuperpositiorf thereflectedsignalsfrom theBBH andtheabsorber
terminationand can be removed by applying the techniquedescribedn the previous sectionon
neighboringdatapoints. Theresultingmonostatiaeflectivity of the BBH givenby theblackline in
Figure1l hasa minimumvaluebelown -65 dB in the optimumfocal position. The lateralposition
of the BBH is morecritical thanthe axial positionsincea 1 mm horizontalor vertical offset of the
BBH alreadyleadsto reflectionsatthe-30dB level.
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Figurell: Reflectometemeasuremerdf the BBH for differentaxial offsetsfrom the optimalfocal
positionandtheretrieved BBH reflectvity (blackline).

6 Conclusionsand Outlook

We have describedransmissiorandreflectionmeasurementsf critical quasi-opticacomponents
for SMILESin thesubmillimeteregion whichwereobtainedwith avectornetwork analyzer Sum-
marizingwe conclude:

Antennapatternsof the corrugatedeedhornsarevery closeto the predictedvalues. Thisis a
goodprooffor theory manufctureprocessaandmeasuremertechnigue Measurementsf a novel
FSPsidebandilter shavedthata sidebandsuppressiomf morethan-40 dB canbe achiezed with
sucha device. Only asmallfrequeng shift betweenthe measuredndthe predictediransmission
minimawas obsered. This shavs thatthe non-idealcharacteristiof the grids canbe modelled
correctlyandthatthe FSP5 canbe machinedwith therequiredum tolerancesThe CalibratedHot
LoadCHL hasaverylow monostatiaeflectvity of -70dB in thefrequeng bandsof SMILES. This
will leadto lessstandingwave problemsthanwith otherload designs.Reflectiongrom the Back-
to-BackHornscanbeaslow as-65 dB. However this requiresa high accurag in the alignmentof
theoptics.

Currentlyanengineeringnodelof the completeAOPT moduleis manufctured.Theelectrical
characteristicef thewholemodulewill bemeasuredeforeandaftervibrationandthermalcycling
assoonasit is available.
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