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FabricationandPerfOrmance

ofaLargeWavelengthBandMultilayerMonochromator
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AmultilayermonochromatorofthedoublerenectiontypehasbeenconstrucにdandinstalledondleNeutrollSpmEcho
spectrometerattheJRR-3Mreactor.nlemollochoromatorcomprisesl2siliconwaierseachwith438Ni/I､ila)'ers,8ivmg
amllltilayerwavelengthresolutionof30%andarenectivit)'betweell83and90%. Fluxtestsondlemstrument indicate
afIveibldincreaseinfluxatthesamplecomparedtothepreviousconfiguratioll.
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Simulationsoftheperfbrmanceofsuchamonochromator,

sllowninFig.3,predictaneutronyieldratiointhepeakof

0.61(nonnalizedtoabeamdil･ergenceof±△の．

§.1. Introduction
Theneutronspinecllospectrometerwhicll llasbeen

installedat theC2_2guideportat theJRR-3Mreactor,

JAERIbythelnstituteofSolidStatePhysics(ISSP),Tbkyo

Universityhasbeendescnbedinpreviouspublication. ''2)
AsindicatedinFig.1,anFe/Gemultilayermonochromator

denectsUlebeamthrougha9mguideSectiolltoapolariser

constmcted using Fe-Co/V supermirrors. The

monochromatorhasawavelengthresolutionoflO-20%in
。

(hewavelengthrange5-lOA.Duetothelowtake-oHangle
ofthemonochromatortheperibrmanceofthetwooptimal

fieldshapeprecessioncoils3)whichfbllowthepolariseris
comprolmsedbythepresenceofironshieldingmaterial

surroundingthenearbyC2_3guideport.

Anoptimumseparationoftheprecessioncoilsfromthe

ironshieldingwouldrequireamonochromator takeor

angle2a"oftheorderof7degreesandtllusamultilayer
o ｡

"-spacingof50Afbrawavelengthof6A.Theproduction
ofsuchamultilayermonochromatorwitllllighrenectivity

(>80%)wouldnol be possible evenusingmodern

sputteringteclmiques, soitwasdecidedtouseadouble
reflectionmonochromatorasfirstdescribedbyEbisawaet

a1.4)Thedoublerenectionmonochromator,theprincipleof
whichisshowninFi9.2,hasthefbllowingcharacterislics.

･nominalwavelength: lo=2de

･thewavelengthresolution(FWHM)isgivenby:

△〃ん=Ad/2"

・llleoutgoingbeamdivergenceisalsogivenb)':
△β＝β△(〃2J

・thetotaldenectionofthebeam: 48

§.2.Fabrications

TheNi/Timultilayersweredepositedontol2silicon

l.5mm' usillg aDCwafers ofdimenslon ll2x76×1．5mm uslllg aDC

magnetronsputteringfacilityat lLL. X-rayreflection

measurementsonthepuresiliconsubstratesshowedthat
O

thesulfaceroughnessvanedbetween7andllA(RMS)

llencelimitingtheminimumroughnessofthedeposited

layers. Experiencewithmagnetronsputteredfilmshas

shownthatoptimumvaluesoftllefillndensityandthe

surfilceinterfaceroughnesscanbeachievedbyminimizing

theworkinggaspreSsureinthesystem.BoththeTiandthe

Niweredepositedusingargonatl.lmiCrobarandpower
へ

densitiesof2.4and2.lWattS/cm4,reSpectively. Thefilm

thicknesswasdetermined,atconstantpower,bythespeed

oftranslaliollofthesubstralesbelowthesputlertarget,and
a thicknessunifbrmitVof±1%was easilv achieved.

‐ ヴ

Calibrationofthedepositionratesanddeterminationofthe

film roughness was made usingX-ray renection

Ineasurements onperiodicNi/Timultilayers. These

111easurelllentsshowedthattllerouglmessatbothNi/Tiand

Ti/Ni interfilceswasapproximately8.5A(RMS)underthe
depositionconditionsused

Table1. Requiredcharacteristicsofthedoublerenection
■

monochromator．

59ACenterwavelengtllA)

Tbtalwavelength

resolulion(△〃入0FWf⑯I)

Beamdivergence AO

Deneclionangle 48

Beamsize(HxW)

Multilayercllaracteristics

NominaldSpacing

WavelengthbandA〃え
Renectivitv

whereA(I/tf is thedistributionofd-spacings in llle

111ultilayer. The interestingpropeltyof lhe double

rcnectionmonochromator is thatboth lhewavelength

resolutionandihebeamcollimalionaredeterminedbyllle

A"dofthemullilayerwhicllcanbeselectedtosuit tlle

instrumentspecifications. Inordertoreducethelengtllof

themonochromator, aSoller typedevicewas fbreseen

usingtwoparallelmultilayermollochromalorstocovertlle

20mmwidebeamintheguidewilhtllecharacteristics
listedintheTIlblel.

15%

±4．7mrad.

7．0deg.
30x20mlll2
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Fig. 1. ThewholeviewoftheneutronspinechoatJRR-3M;C2G:C2coldneutronguide,C3_2G:C2.2neutronguide,
C2_2:Cz_2coldneutronguideport,C2.3:C2_3coldneutronguideport,M:monochromator,P:polarizerPF:precessioncoil,

S: sample,A: analyzerD:detector.

AS describedpreviously, the specifications fbr the
monochoromatordemandml'1tilaverswiUlanominald-

○

spacingof98AandabandwidUlof30%. Allowingfbr

refractioncorrectionsthisleadstobilayerperiodsranging

from843toll43A.Thelayerthicknesssequencewas
calculatedusingthealgorithmofHayterandMook5)
adaptedtotakeintoaccounttllemeaSuredfilmroughness

of85A. Tllefinalsequenceusedfbrthedepositionswas
made upof438 1ayerswith a total thickness of

approximately 2 1nicrons andyieldinga theoretical

maximumreflectivityof90%.

Figure4showsaWpicalneutronrenectivityprofile
measuredwitll7.5AneutronsontheT3instnlmentatm.
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Fig.2. TheprincipleofadoublereHectionmonochromator

NeutronYieldbyDoubleMonochromator

The absolute renectivity llas been evaluated by

normalizationtothedirectbeamintensity. Theprofile

showsapeakrenectivityoftheorderof85%acrossawide

plateauregion.Thewidthofthepeak,Aa/e(FWImi),was
measuredtobe28%. The2%diHerencebetweenthe

measuredandthetargetedwidthcanbeexplainedbya

systematicandknowndecreaseinthesputteringratewith

targetusage.Depositionswerealsomadeconcurrentlyon

testwafershavingasurftlceroughnessof6AThelow
:W"bhg:d;opNi/Ti interftlceroughnessof8.5

thesetestwafersandthel.5mmwaferswiththelow
lo

surfaceroughness(7A).
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Fig.3. Simulatedyieldofadoublemonochromatorwitha

Ad/Hof30qbandreHectivityof909b. Theyieldhasbeen

normalizedtoabeamdivergenceof±4.7mrad.§.3.Performance

Thel2multilayersweremountedinasupportandinstalled

attheC2_2neutronguideport.Followingcarehllalignment

thenuxattheendoftheC2_2guide(beamcrosssection

50x20mm2)wasmeasuredusinga2J×5hmm2SlitinfrOnt
ofalinch3Hedetectorsethorizontally.Thefluxwasalso
measuredatthesampleposition,4mfrolntheendofthe

C2_2guide(andabout3.5mfromthepolariSer),usinga
verticalslitof25×5mm2. Theresultsaresummarizedin

Ttlblell.

Themeasuredfluxat theendoftheC2_2guide is
somewhat lowerwiththenewmonochromatorthanwith

tlleoldone,howeveratthesamplepositionanuxincrease

byafactor3.8isobserved.Thismaybeexplainedbythe

ftlctthattheoldsinglerenectionmonochromatorproduces

abeamwithadivergencegivenbylllecriticalangleofthe

incomingNiguideresultinginabeamwidthatthesample

positionofabout lOcm(FWInW)． Thebeamprofilealso

sllowssignificant largeangletailS. Howeverduetothe

collimatingeHectofthedoublerenectionarrangementthe
newmonochromatordeliversawellcollimaにdbeamwith

awidthof5cmatlhesampleposition(FWHMunpolarized
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Fig.4. Renectionpro61efromatypicalmultilayermeasured
U

using75Aneutron.Thesoli91ineisasimulationassuming
an interficeroughnessof8.5A. Themeasuredrenectivityis
above85QboveranangularrangeA@/gof28Ub.

beam).Thepolarizerhlrtherfbcussestllebeamresultingibeam).Thepolarizerhlrtherfbcussestllebeamresultingin
awidthofl.5clnat tllesamplepositionfbrapolarized
beam.AsareSultoftheilllprovedcollimationtlleradiation
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levelduetogammaraysemmiltedbythepolarizeI・ isalso

significantlyreduced@

§.4.Conclusion

Adoublerenectionmultilayermonochromatorwitha
･

scatteringangleof7degreesfbr6Aneutronshasbeen

constructedfbrtheneutronspinechospectrometerat the
JRR-3Mreactor. The individual lnultilavers renect a

wavelengthbandA〃ﾉlof～30%witharenectivib'between

83and90%.Duetothedoublereflectionset-up, thebeam

aiierthenewmonochromatoriswellcollimated, leadingto
a lower totalnuxat theexitoftheC.,andhencea

reductioninthebackgroundradiationlevels.Furthennore,

theneutronnuxatthesamplepositionhasbeenincreased
bvafactor3.8.

Table11. Pe,･fb,･manceofthenewmonochromatorcomparedto
theoldone.

Previous Ncw

Monochromator

Denectionangle40(deg.)

Wavelength/l(A)
Wavelengthdistribution

A〃え

Fluxattheexitof

theC2_2guide(n/cm2.sec)
Fluxatthesamplepositioll

へ

(n/cm~･sec)

directbeam

polarizedbeam

Fe/Ge

6．02

6．14

～19％

7×106

Ni/ri

7．0

5．9

~15%

4．7X106

2.6×105

1.3×105
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