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Abstract

A more powerful EUV light source will be required for lithography in future to overcome the stochastic effects for
higher throughput and finer patterning. In Japan, Rapidus Corporation for mass production and LSTC(Leading-edge
Semiconductor Technology Center) for open R&D were recently established in framework for next-generation
semiconductor project. We have designed and studied a high-power EUV-FEL light source based on energy-recovery
linac (ERL) for future lithography. In this paper, after overview of the EUV-FEL light source, we show that the EUV-
FEL light source has many advantages such as extremely high EUV power, no tin contamination, narrow spectral width,
upgradability to a Beyond EUV (BEUV) FEL, polarization controllability and low electric power consumption per
scanner, as compared to the laser-produced plasma (LPP) source used in the present EUV lithography exposure tool.
Furthermore, demonstration of proof of concept (PoC) of the EUV-FEL is in progress using the Compact ERL (cERL) at

KEK. We also briefly present the current state of the PoC of the EUV-FEL.
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Parameter Design value

Beam Energy 800 MeV
Bunch Charge 60 pC
Bunch Repetition 162.5 MHz
Average Current 10 mA
RF Frequency 1.3 GHz
EUV Wavelength 13.5nm
EUV Power >10 kW

Figure 1: 3-D illustration and design parameters of the
EUV-FEL light source based on ERL.
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Figure 2: Handling of the EUV-FEL light in the optical
beamline. (a) Vertical expansion of the EUV-FEL light by
a curved grazing mirror with a small glancing angle. (b)
Horizontal expansion and separation of the EUV-FEL light
by a segmented multi curved mirror.
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Figure 3: (a) Simulated FEL pulse energies with 0 and 4 %
tapering as a function of the undulator section length and
(b) FEL spectrum at the FEL exit with the Mo/Si mirror
reflectivity curve (a broken line).
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Figure 4: Three possible upgrade schemes to a BEUV-FEL
based on (a) single-loop layout and (b)(c) double-loop
layout, (d) a simulated BEUV-FEL spectrum and (e)
measured reflectivity curve of a BEUV mirror.
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Figure 5: Schematic of two plane waves propagating on
different paths in high-NA configuration and the light
intensity produced by interference of the two waves on a
wafer for the (a) s-polarized and (b) p-polarized modes.
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Figure 6: Schematic of PoC of the EUV-FEL light source
using the cERL and the cERL parameters.
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