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Complex refractive index = A<10 nm
n=1-6+Iif ‘ = Jow index contrast
with 8 < 102 and p < 103 = low absorption length
_ Short-wavelength challenges l
Y { For A=6 nm : O Design optimization
I e . Jmat ~ 1072 [ Refractive index not accurate
] Labsorption ~ 20 A O Thickness control and reproducibility (< 10 pm)
] => R, .~ 30% O Ultra-smooth interfaces (< 0.2 nm rms)
- O Surface oxidation or contamination
e O Long-term stability
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3 SOLEIL beamlines are now equipped with alternate multilayer gratings !
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Best material pair = Cr/Sc (Salashchenko 1994)

: , L 0.4
Period thickness = 1.6 nm <
Theoretical peak reflectance > 55% §
=
A i ~ 0.2
Sc-1nm
1.6 nm - X 400
: 0! ' ’
! Cr-0.6nm 385 390 305 400
- Photon energy (eV)

Experimental peak reflectance is severely reduced by
interfacial roughness and/or interdiffusion

Substrate

17.3% - Magnetron sputtered Cr/Sc — F. Shaefers et al., 2003
20.7% - ion-assisted deposition - F. Eriksson et al., 2008
32.1% - B,C barrier layers - E. Gullikson et al., 2008 unpublished
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Soft X-ray Reflectometry at SOLEIL
CrN/B,C/Sc, d = 1.567 nm, 400 periods
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Drift during deposition is about 0.025 pm/period

Reflectance

Grazing incidence X-ray Reflectometry at 0.154 nm
CrN/B,C/Sc, d =1.567 nm, 400 periods
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C. Burcklen et al., Opt. Lett. (2017)
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v Optimization of deposition process for new material combinations

v Physico-chemical properties of sub-nanometric layers and interfaces

v Accurate knowledge of thin film material optical constants

Historical evolution of EUV/x-ray ML structures
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2D multilayer structures

ultra-short period multilayers
Narrowband mirrors

Mirrors with enhanced spectral purity
Broadband mirrors

Broadband mirrors with control of the
spectral phase
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