
8th EUV-FEL Workshop 
 

The current status and difficulties in manufacturing multilayer mirrors for 
BEUV lithography 

 
Hisataka Takenaka 
TOYAMA Co., Ltd. 

 
As a strategy to advance the miniaturization of semiconductor circuit patterns using reduction 
projection exposure system, progress has been made in increasing the Numerical Aperture (NA) and 
shortening the exposure wavelength. Beyond-EUV (BEUV) with half of a wavelength that of the 
current state-of-the-art exposure wavelength of 13.5nm EUV light is under consideration. Multilayer 
mirrors with a reflection peak at a wavelength of 6.x nm have achieved a high reflectivity of 64%1, 
elevating expectations for BEUV. 
 
The 6.x nm wavelength multilayer mirrors had reflection bandwidths (FWHM) are an order of 
magnitude narrower than the bandwidth of the EUV multilayer mirror at a wavelength of 13.5nm. This 
leads to the problem that only a small portion of the BEUV light emitted by the plasma light source, 
can be reflected by the BEUV multilayers, resulting in significant loss of light. However, for the 
ERL-FEL light source, the bandwidth of BEUV light source matches the reflection bandwidth of the 
6.x nm multilayers, suggesting efficient utilization of the light.2 
 
For the BEUVL exposure system, there are challenges related to the matching of reflectance peak 
among multiple multilayer mirrors, the alignment with the incident angle bandwidth on the reflection 
mask and projection optical system mirrors. It is crucial to consider system optimization when 
establishing BEUVL. In this presentation, I will introduce examples of calculations and actual 
measurements for BEUV multilayer mirrors and the issues regarding the incident/reflection angle 
widths for BEUV multilayer mirros. 
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