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Abstract

Energy recovery linac(ERL) based free electron lasers(FEL) are possible candidates of a high-power EUV light source
for lithography that can distribute 1 kW class power to multiple scanners simultaneously. An ERL-FEL based EUV light
source has been designed using available technologies without much development to demonstrate generation of EUV
power more than 10 kW and the EUV-FEL Light Source Study Group for Industrialization has been established in Japan
since 2015 to realize industrialization of the light source and the related items. For industrialization, high availability is
essential as well as high power and reduction of the light source size is also required. In this paper, we will report a brief
outline of the designed ERL-FEL based EUV light source and some activities for the industrialization and describe

considerations and developments for obtaining high availability and size reduction of the light source.
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Parameter Design value

Beam Energy 800 MeV

Injection Energy 10.5 MeV

Bunch Charge 60 pC
"Lé)’\lnjector Linac RF Frequency 1.3 GHz
Gun Repetition Rate 162.5 MHz
Average Current 10 mA
©Rey.Hori/KEK Acceleration Field 12.5 MV/im
EUV Wavelength 13.5nm
EUV Power > 10 kW

Figure 1: Design and specification of the ERL-FEL based
high-power EUV light source for lithography.
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Figure 2: EUV-FEL light source study group for
industrialization.
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Figure 3: 1st EUV-FEL Workshop at Akihabara UDX 4F
NEXT1 on December 13, 2016.
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Figure 4: Cathode preparation and exchange system for the
photocathode DC gun developed at KEK (courtesy of Dr.
Masahiro Yamamoto).
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Figure 5: Trip number of cERL main superconducting
cavities (ML1, ML2).
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Figure 6: Pulse processing effect on the ML2 cavity of
cERL. The field emission is reduced by the pulse
processing method.
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Figure 7: Redundant system of the EUV-FEL light source.
The whole light source is duplicated.
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Figure 8: Set-up of particle measurements in vacuum by
using a vacuum particle counter.
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Figure 9: Comparison of Q-values between normal
processing and nitrogen doping treatment.
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Table 1: Beam Parameters for the Calculation

Energy spread 0.1 %
Bunch charge 60 pC
Bunch length 100 fs
Peak current 600 A
Average current 9.75 mA
Normalized emittance 1 mm-mrad
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Figure 10: Calculated electron beam energy (left) and
average FEL output power (right) as a function of the
undulator K-value.
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Figure 11: Schematic view of two types of double-loop
configuration, (a) Type A and (b) Type B.
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