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Abstract

An free electron laser (FEL) light source based on energy recovery linac (ERL) to generate intense extreme UV (EUV)
light has been designed as a future light source for EUV lithography. The light source has been designed based on the
operation results of the compact ERL (cERL), which is a test accelerator to demonstrate the performance of ERL. The
requirements for the EUV-FEL light source are the wave length of 13.5 nm, and the FEL power of more than 10 kW. In
order to estimate the light source performance, simulations about the injector, the bunch compression and decompression,
and the FEL generation were carried out. These results show that the performance of the EUV-FEL light source based on
ERL can satisfy the target performance of the future EUV lithography.
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Table 1: Requirements for Future EUV Light Source

Wave Length 13.5 nm

Power 20 kW - 40 kW

Size of Light Source On the Order of 150 m
Reliability > 99 % Uptime

Source Power Stability < 1 % with 1 ms Integration Time
Pulse Length > 2.51s

Band Width < 2 % (Ideally < 0.6 %)
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Table 2: Target EUV-FEL Light Source Performance

Wave Length 13.5 nm
FEL Power 10 kW
Bunch Charge 60 pC
Beam Energy 800 MeV
FEqcc of SC cavity 12.5 MV/m
Number of SC Cavity 64 cavities
Beam Repetition Frequency  162.5 MHz
Average Beam Current 9.75 mA

(C) Rey.Hori/KEK

g e
r o
”MWE 3 ff‘
s § ond Arc J25 “~Merger
~ :! L ~Injector Linac
i ot
20\/;,\\ Gun

Figure 1: Present image of the designed ERL-based EUV-
FEL light source %!,
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Figure 2: Layout of the injector beam line designed for the
ERL based EUV-FEL light source [?].
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Figure 3: Optimization results of the designed injector
beam line with the bunch charge of 60 pC 2. Optimized
normalized emittance (left) and momentum spread (right)
as a function of the bunch length. These values were cal-
culated before the merger.
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Figure 4: Bunch compression and decompression
schemes!?!: (a) The bunch compressor is the first arc. (b)
The bunch compressor is only the chicane or combination

of the first arc and chicane. For all the case, the bunch de-
compresser is the second arc.
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Figure 5: Calculated FEL performance of the designed
ERL-based EUV-FEL light source!?!: (a) the FEL pulse en-
ergy as the function of the undulator section length, (b) the
FEL temporal profile and (c) the FEL power spectrum.
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