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Abstract

Photolithography, which is exposure technology, is used for semiconductor manufacturing. Extreme ultraviolet (EUV)
lithography has been developed for next generation technology and finaly is required to output power of more than 10kW.
One of the light sources satisfied this condition is a free electron laser (FEL) based on energy recovery linac (ERL) to
generate EUV. KEK has designed the EUV-FEL light source through the beam test in compact ERL (cERL). In order
to achieve a low emittance and short bunch length, optimization of transport conditions was performed for the design of
the EUV-FEL injector so far. Optics matching of EUV-FEL injector was carried out to connect to the main linac, which
accelerates the particles and recovers energy. We optimized not only quadlepole magnets in conecting part but also the
strength of a solenoid magnet and the voltages and the phases of the buncher cavity and injector cavity and explored
a transport condition to achive both conditions, one is a low emittance and short bunch length and the other is optics
matching. This report show a result of optics matching and a design of EUV-FEL injector.
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Figure 2: Layout of the injector and merger for the EUV-
FEL light source based on the ERL.
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Figure 3: Optimized energy spread as a function of the
bunch length at the exit of QA4.

Table 1: Variables

Laser spot diameter 1.361 mm
Laser pulse length 7.862 x 107! s
solenoid magnet 0.03097 T
Voltage of buncher 49.88kV
Injector cavities 2.01 MV/m
4.183 MV /m
4.87 MV /m
10.1 MV /m
10.1 MV/m
8.228 MV /m
Offset phases of buncher —90.6 deg
Offset phases of injector cavities —29.23 deg
—14.07 deg
—29.99 deg
—29.6 deg
—0.927 deg
28.14 deg
Between gun and buncher 0.4163 m
Between buncher and solenoid 0.2264 m
Between solenoid and cavities 1.162 m
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Table 2: Initial Twiss Parameter
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Table 3: Strength and Length of Quadrupole Magnets

Name K value [1/m?] Length [m]
QA1  —2.275 0.1
QA2  —17.56 0.1
QA3  1.516 0.1
QA4  —16.05 0.1
QCl1  —8.833 0.1
QC2  1.011 0.1
QC3  14.56 0.1
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Figure 4: Optics function (beta function) from the 0.3 m
gun side of QA1 to the 0.5 m main linac side of QC3.
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Figure 5: Optimized energy spread as a function of the
bunch length at the 0.5 m main linac side pf QC3.
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Table 4: Variables

0.002985 mm
7.676 x 1071 s
0.03138 T
51.76 kV
2.067 MV /m
5.92 MV /m
10.98 MV /m
10.01 MV /m
10.35 MV /m
10.8 MV /m
—90.10 deg
—28.93 deg
—3.883 deg
17.16 deg
—7.844 deg
27.88 deg
—24.59 deg
0.4049 m
0.4407 m
0.9576 m
6.342 /m?
2.375 /m?
—16.37 /m?
19.97 /m?
—12.72 /m?
—13.16 /m?
15.56 /m?

Laser spot diameter
Laser pulse length
solenoid magnet
Voltage of buncher

Injector cavities

Offset phase of buncher

Offset phases of injector cavities

Between gun and buncher
Between buncher and solenoid
Between solenoid and cavities

Quadrupole magnets

Table 5: Bunch Length, Energy Spread and Optics Func-
tion at the Entrance of the Main Linac

Bunch length  0.635 mm
Energy spread  0.0436

o 23.41m
By 28.05 m
Qg -30.8

Oy —64.79
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