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Abstract

Energy recovery linac (ERL) based extreme ultraviolet (EUV) free electron lasers (FELs) are expected as a new-type
high-power EUV source for lithography, which can distribute 1-kW class power to multiple scanners simultaneously. An
ERL-based EUV FEL source has been designed in order to demonstrate the feasibility of generating a 10-kW class EUV
power. We perform Start-to-End (S2E) simulation including the injection beam optimization, bunch compression, FEL
lasing and bunch decompression for the designed EUV source. As a result we demonstrate that the EUV FEL can produce
high power more than 10 kW at 10 mA and that the electron beam can be well transported throughout the EUV source

without significant beam loss.
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Figure 1: Image of the designed ERL-based EUV-FEL.
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Figure 2: Betatron and dispersion functions of the 1% arc
with three DBA cells having £,=1.0 m and o4>=1.6.
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Figure 3: Betatron and dispersion functions from the main-
linac entrance to the 1% arc exit (upper) and the time-
momentum distributions with the basic beam parameters at
the main-linac entrance, the 1% arc entrance and exit
(lower).
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Figure 4: Current and horizontal and vertical normalized

slice emittances in the bunch at the exit of the 1% arc. The

broken line indicates the projected horizontal normalized

emittance.
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Figure 5: Results of the FEL simulation: (a) the FEL pulse
energy without and with tapering as function of the
undulator section length, (b) the FEL temporal profile and
(c) the FEL power spectrum for 2 % tapering at the FEL
exit.
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Figure 6: Time-momentum (#-p) distributions in the
electron bunch at (a) the entrance and (b) the exit of the
FEL system.
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Figure 7: Betatron and dispersion functions from the FEL
exit to the exit of the decelerating main linac (upper) and
the time-momentum distributions with the basic beam
parameters at the FEL exit, the 2™ arc exit and the exit of
the decelerating main linac (lower).
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Figure 8: Horizontal and vertical beam sizes from the FEL
exit to the main-linac exit (upper) and the transverse
position distributions at the FEL exit, the 2™ arc exit and
the main-linac exit obtained by the S2E simulation (lower).
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