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Multilayer coatings for normal incidence optics designed for the water window region 
(2.3 nm < λ < 4.4 nm) are particularly challenging since a layer thickness below 1 nm is 
required.  At normal incidence the roughness induced scattering increases as (σ/d)2 
making it difficult to achieve high reflectivity as the period, d, is reduced.  Recently, 
Cr/Sc multilayers have been fabricated1,2 with normal incidence reflectivity in the 
vicinity of 20% for wavelengths near the Sc edge at 3.11 nm.  Motivated by this success 
we have investigated the use of diffusion barriers for short period multilayers.  Such 
diffusion barriers have been successfully applied to Mo/Si multilayers in the EUV.3,4   
 
The multilayers were deposited by conventional magnetron sputtering.  Using a B4C 
diffusion barrier layer a reflectivity of 32% was achieved at 3.11 nm at an angle of 10 deg 
from normal.  The Cr/Ti and Cr/V multilayer systems have also been investigated.  In the 
case of Cr/Ti a near normal incidence reflectivity of 17% was obtained near the Ti L edge 
at 2.73 nm.  For Cr/V a near normal incidence reflectivity of 9% was obtained near the V 
L edge at 2.42 nm.  These results are very encouraging for the possibility of more 
widespread applications of normal incidence optics in the water window range.  
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Fig. 1. The reflectivity measured for a Cr/Sc multilayer with B4C barrier layers at an 

angle of 9.2 degrees from normal incidence. 
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