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Development of Compact SR Rings—Recent Status and Future

Takio Tomimasu

Quantum Radiation Division, Electrotechnical Laboratory

This article describes recent status of seventeen compact SR rings world wides and
key technologies needed to realized compact SR facilities used for lithograohy and an-

giography. The electron undulating method capable of wide and uniform exposure of

SR and the low-energy, high-current injection method are also discussed.
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Table 1. Main parameters of rings used for ULSI lithography and machine study.

Machine and Location Size(m) E(Gev) R(m) I(mA) EceV)
COSY-1(Berlin, BESSY) ~ 2¢ G. 56 0.37 1053
COSY-II (Berlin, BESSY) ~ 6X2¢ 0.63 0.44 50 1260
BESSY (Berlin, BESSY) ~20¢ 0.8 1.78 1000 638
MARS (7, NEYRPIC) 5¢ 0.8 1.6 710
HELIOS(East Fishkill, ~ 6 X2 0.7 0.52 1463

IBM-0XFOD INSTR.)

NSLS-1(Brookhaven, BNL) ~16¢ 0.75 1.9 1000 492
SXLS(Brookhaven, BNL) ~ 5X2 0.7 0.6 1268
TEARAS(Tsukuba, ETL) 10¢ 0.8 2.0 250 568
NIJI-1(Tsukuba, ETL-SEI) 4¢ 0.27 0.7 524 62
NIJI-T (Tsukuba, ETL-SEI) 5¢ 0.6 1.4 342
NIJI-II (Tsukuba, SEL-ETL) 4¢ 0. 62 0.5 1057
SORTEC-1 15¢ 1.0 2.8 792
(Tsukuba, SORTEC-ETL)

NTT-1(Atsugi, NTT-Toshiba) ~17¢ 0.8 1.85 25 614
NTT- I (Atsugi, NTT-HITACHD) 9 X2.5 0.6 0.67 715
AURORA(Tanashi, SHI) 3¢ 0.65 0.5 1218
LURA(Tsukuba, IHI) 6.8 0.8 2.0 568
JSR(Tokai. JAERD) ~ BA 0.3 0.835 72
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Fig.1. Various configurations of the guide field elements of the compact

rings.
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Fig.2, Electron beam wobbling at Bessy and
beam position control at SSRL.
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Fig.3. Layout of SXLS with coventional type 180°
magets.
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Fig.4. Betatron and dispersion functions of one Photo.1 0.1 pm line pattern fabricated by
superperiod of the lattice. 700 - MeV SR
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Table 3. Compact SR rings whose developments are exepected.

Performance Purpose of application

Soft X-ray(~1 keV)ring for industrial use. Dedicated to ULSI Industry as soft X-ray

Compact size and wide-area exposure tfo

silicon wafer. Electron undulating ring
with an average diameter lees than 5m.
Ee~1Gev, Ie ~300 mA

soure for submicron rule lithography
Ec(keV)=2. 218 X E3(Gev)R(m)
Ec=characteristic energy

X-ray(~33 kev)ring for medical use. Compact
size and wide-area exposure to human heart.
Electron undulating ring with an average
diameter less than 10m and super conducting

Dedicated to medical diagnosis as X-ray
source for angiography
Ec(keV)=0. 664 X E2(Gev) XB(T)

type wiggler. le~1.5 Gev 1e~300 mA

Dedicated to scientific and industri
uses as FEL for processing

Racetrack type ring for FEL with a long
optical klystron at the straight section
longer than 5m.

Ee~500MeV, Ie~300mA
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Fig.14. Typical pattern of vertical undulating motion of the stored beam in TERAS.
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Electron bunch
Fig.15. Circulating electron bunches with the
same interval synchronizing with accel-
erating electric field in an RF cavity.
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