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Performance of multilayer dispersion elements from 80 to 500 eV
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Abstract

he have measured the reflectivity of several multilayer dispersion elements between 80
and 500 eV, Two samples of kew-C and one of Ni-C uLth 2d ipacing of approx:.mately 70 R ana
153 B 4a2re tested at angles of incidence between 10" td> B0 . Measurements were made by
fixing the inczident and reflected angles (Bragg) and scanning the photon energy.
Tneareticel anglvses of these multileyers have also been macde and the results are compared
with the experimental measurements.

Introduction

Fecent advances in thin film technology have made it possible to make multilayer
stLructu=es with high reflectivity and moderate resolution in the soft xe-ray domain. This
development has led to considerable interest in using multilayer dispersion elements (NMDES)
t- corstruct new and useful x-ray optical elements,

As x-ray photons penetrate a multilayer structure, they encounter a spsatially periodic
array -f scatterinfg layers (rltarnate lzvers of high and low Z m3sterial). The photons
coherently scatter from this periodi~ structure and Bragg diffracti~n occurs. The
alvintapes Of multilAver structures over natural orystals are that one cer vary the
eonstituent materia.s and period (effective 2d speacing) over 8 wide range and the coatings
can bte placed on oarbitrarilly figurec surfaces.,

The refleiting properties Of multilayer structures are determined by the optical
constants Al ospatial dietribution of the constjtuent materials, by the sharpness 3{ the
tounaaries between the lavers, arnd by the number of reflecting layers.! Caiculations based
on the ~yticel constants {or B hew=0 system predict good performpnce in the soft x=-ray
recior (100-500 eV) and measur-ments around ROGO eV have shown thet it is possible to
fabricate Lhis svster with sherp boundarier (effective rouphnesst « 7 = 1 R), A recent
cxrliation of the soft x-ray optical constunts? for Ni and C also predicts very gool
refrestivity far thir multiicryer aystem provided that the baundaries can bre made
tufti~ientiv sharp.,

Wo rep rt here megrurements Sf the refliectivity of these twy svatem, Kea-" ang hi-0,
tetweren Fooand HO0 ey oand At angler f fneciderce boetween 10 Aand BCr.  From these
ref ettty measagrement s we alf0 determine e resalving nower of theas multilaver avste o,

Exparimert

Tre bPerer an) Npn? myltilavers used in tnis sxperimeal were fabricated by ecirctron Dean,
evaporation,t AR g situ reflectometer wi h A BN target xaray tube an a nouree (N
Y o PF s RY wam oumed U ocontiruously monttor the multilaver reflectivity das 1o

fabrient1on™™ The tntereference maximo arl minima obasrved (n the raflectivity allow 1 gt
Sptinize the thyckaesn S ench layer, T'e ratio of the thocknean of the conftituent & 'rt ,=
AR {0 sueh ax ta give the tantest increane in reflectivity with tnereasing number of

laverz,  Thin npprosch prodoces a quant- perjodic atructure where the thickneas rati of jow
2 1ty hipgh 72 mmterin) inerensens toward tae aurface of the multilaver atructure, The perfoer-
nree of the Pliba has been calculated relying on tabulated optical constants, asasauming ah
tlenal periodice atructure, and tpnoring dispersion acroas the diffraction peak, The
Cacnlntyan b baned upon o proesdore aatlined by Born and wWolt,*

We mrasir et the performanece of these prultiloyer ayatems between RO oand SO0 eV usiny o
Frasute e tdaence type moarochroamat v st the Stanford Synchrotrsn hadiatian fab o vy, 0 A
refocuting mitror At the outpul f 'he monochraometler and an ape-ture inapde the oaperimental



chamber restricted the vertical beam divergence to 2 mrads. Five senples could be mounted
in the ultra high vacuum chamber and aligned with precision vacuum feed through
manipulatoars.

The measurements were perfarmed by fixing the angle of the sample and detector and
scanning the energy of the incident photon beam I (E). S polarization was used in all
mepsurements, The diffracted beam, I(E), was detscted by a channel electron multiplier
biased to> prevent the detection of photon electrons. By removing the sample from the
incident beam, ID(E) was measured with the same detector that measured I(E).

Results
The characteristic paremeter: and performance of the multilayers tested in this

experimert are summarjized in Teble 1. Figures 1a, b, and c are examples shuwing the
calculated reflectivity versus energy for three samples,

Tablie 1
a (£),1 (R N R R
srster S -p - o ECe¥) E/ak
Nial UL, 1€ 0.11 0.1 100 Tu, <
hi=? B la T 1 n.zz 0.15 Iy Ta, »
ni-C iz, 44,5 15 c——- 6.23 205 15,
N1’ i, b4, E 1 0,35 8.2% s Ta,?
Fen=C 24,51 16 0.14 0.69 91 st
hen=2 2u,5" Ve 0.17 0.G5 12 I
Kawal 1w, 0 fl 0.18 £.09 142 tu, o
how=" T, * ol 0,20 v,k 165 Tt
hew=? Ta, o tu 0.2 0.07 uo PRI

G, nnd d, ave 1ne effnctive th, "kness of heavy and J1gkl materinls respert veiy.,
I is the number >f{ periods.

Eoand ko oore the cal-ujate] snd measured reflectivity nt the ene-gy I.

tT it thi energy hoif=width 0! the rerflectivity curve,

tht reRdIVInE pounr,

The Kial esyrlen pives the highert measured reflectivities, up Lo C.2h,  The results ars
within appravimate 39% af the calculated value dver the energy range from 100 to 250 ny.,
100 best refelctivity measuced 1n the Hew=C svstem was about 0,10, The mrasured resaits
were about 50% of the caiculuted vilues over the energy range from Q3% to 4ut eV, Unly
neanrn ements 1n energy ranges wheare the monochrometer output {8 smooth and no atsarptaon
edeges inte: fere nre included.

The ditlractisan curves provide o diresct measure of the resolving power, P/ak, 1 the M0,
Tiue present aert of structuren has been designed st that all the layers participate 16 the
ditlractiar process hel s the carton edee,  The measurements (ndiepte thet the pen vty
power 1x o Lbtout equal U the number of laver perioin in the sample. Thin renull sdtecn wild
Ao le tue ryt oand the ecalculattont ahown in kg, ) oassuning Tull penectratim of the nang e
Lbove the cartan edye we sxprcel nan fnerenses in abnorption in the carbon in the MIE U caane
SGoresu tion tn the numbnr of lreyers thae! can contribute th the diffractyon proeena, s
effrct ta neen fn the Bl laver HeW.¢ saample at U0OL eV where EZ7ab oo N0 Unloalatpans
Vb ate vt the hipgher arder atructure feen tn Yhe winpes of several’ f the experine et
proattien could e poresult f the nperiodicity of the multilayer structures, 1,e,, the
tniokaean of thae loavers varfes with depth,



Conclusion
The reflectivity and resolving power of three sets of MDE's were measured. The measured
risalving power of the MLDE's agreed with the expected value based on the number of layer
p:irs in the semple. Calculations of the reflectivity are in spprox.mate agreement with
experiment although we note that the measured reflectivities are consistently somewhat
lower, This could be due to> the effects of interfacial roughness not accounted for in the
culculation. Even $5 the measured MDE's reflectivities are among the highest recorded td

date in the s>ft x-ray region.
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