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SORTEC 1GeV Synchrotron Radiation Source Facility

Shirou Nakamura and Koichi Okada
SORTEC Corporation

Synchrotron radiation is expected to offer remarkable possibilities for many fields of
science and technology. In recent years, there are worldwide interests in the field of
industrial applications including x-ray lithography.

The major purpose of SORTEC Corporation is to study the application technologies
of synchrotron radiation. Therefore, the 1 GeV synchrotron radiation facility at SORT
EC is optimized for the production of soft x-rays around ! nm which meet the lithography
requirements.

* The construction of the synchrotron radiation source has been completed in the end
of March 1989 at Tsukuba Research Laboratory of SORTEC.

The first beam was stored in the storage ring at the design energy on September 28
1989. The stored beam current of 200mA, which is our designgoal,has been successful-
ly achieved with the beam lifetime of over 4 hours only one month after the first beam
storage. At present, the beam lifetime reached over 8 hours.

This paper gives a summary of the characteristics of the facility and describes the
remarkable progress during the initial beam operation.

Moreover, the design features of beam lines for the lithography use installed in the

storage ring are also described including the current status.

(C) 1990 The Japanese Society for Synchrotron Radiation Research
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Fig. 1 The layout of SORTEC 1GeV synchrotron radiation source facility
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Fig. 2 Overview of the synchrotron radiation source:

(a)Electron linac, (b)Electron synchrotron,

(c)Electron storage ring(SOR ring)
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Fig. 4 General diagram giving relations between

major parameters of synchrotron radiation

source and obtained spectrum
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Table 1 Major parameters of 1GeV synchrotron
radiation source with the achieved values

as of Oct. 31 1989
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Designed  Achieved
Storage Ring

Energy 1GeV 1GeV
Dipole Field 1.2T 1.2T
Bending Radius 2.78m -
Critical Wavelength 15 54 -
Peak Wavelength B.5A -
Beam Current 200mA 200mA
Beam Lifetime 4hr 4hr
Circumference 45, Tm -
Synchrotron (Injector)
Injection Energy 40MeV 40MeV
Maximum Energy 1GeV 1GeV
?Ig’iierf &‘ﬂg 11T 11T
Beam Current 30mA 30mA
Circumference 43. 2m -
Linac (Pre-Injector)
Energy 40MeV 40MeV
Beam Current* >30mA 60-80mA
AE/E <*i5% 10.67%
Emittance r<r131:a§d7[ mm* ?ﬁifdmm'

* Useful beam current which satisfies
values of AE/E and beam emittance
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Table 2 Design parameters of the electron

synchrotron

Injection Energy
Maximum Energy
Circumference
Bending Radius
Lattice Structure
Beam Current
Repetition Rate
Betatron Tune (v x /vy)
Maximum Dipole Field

Maximum Gradient of
Quadrupole field

RF Frequency
Maximum RF Voltage
Vacuum Pressure (with

40MeV
1GeV
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Fig. 6 The electron synchrotron
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Table 3 Design parameters of the electron

storage ring

Beam Energy 1GeV
Circumference 45, 73m
Bending Radius 2.78m
Dipole Field 1.2T
Lattice Structure FODO
Beam Current 200mA
Betatron Tune (vx/vy) 2.235/2.215
RF Frequency 118MHz
RF Voltage 90kV
Momentum Compaction Factor 0.17
Radiation Loss 32keV/turn
Natural Emittance 0.5mm-mrad
Beam Size (ox/oy) 2.0/0. Tmm
Touschek Lifetime 40hrs

Fig. 7 The electron storage ring
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Fig. 8 Lattice and dispersion functions for the 1GeV electron storage ring
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Fig. 9 Block diagram of the control system
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Fig.14 Central beamline control system:

PSC stands for programmable sequence controller
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Fig.15 BL—B-—1beamline structure:
V, G, NP and TMP stand for pneumaticgate valve,Bayard-Alpert ion gauge,

tripole-type ion pump and turbo molecular pump, respectively
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Fig.16 BL—B-1beamline diagram:
V and TMP stand for pneumatic gate valve and turbo molecular pump,

respectively

139



140

SEARBREER L, =SBl L7 OWREET
fili - #ERE Lo 3 HMAICETER) v/ LR
EIKES L, FIHTE— LT VHIChghts
AL, HOEHE=S OREEEM L7, BE
BEHIC L BT 7Y — SO o LEKT L, 5%
HEIT—OMLLET->TWV5, BITIZ, 77
V=S LORERER LT,

6. BbhUIC

FIRAEM O D 72 0 D AKKI L B — L
i3, o5 AhoBETFEL TS,
WEEBDT Y Y « RY T 4 ba—tifEz &l
TLTERL T FETH B, 207 =7 v k
[3500mALI FOE—~ LBREBTHHEEZT
W5,

SR

1) okt - K% - B% - KH - &6 - BB - tH - 2
B “ 1 GeV SORGFERE", MMe2KEH48EICH
FIEETEE, 20p—G-1, p.477

2) S.Nakamura,R.Kitano,M.Shiota,T.Tomimasu:
“40MeV Linac for the 1GeV Synchrotron Radia-
tion Light Source(11)” Proc. of the 14th Linear
Accelerator Meeting in Japan, Sept., 1989

3) M.Shiota,A.Hiraki,M.Mizota,T.lida,M.Haraguchi,
K.Kuno, S.Nakamura, M.Ohno,T.Tomimasu:
“Design and performance of the 40MeV Linac
and Beam Transport System for the 1GeV
Synchrotron Radiation Source at SORTEC”,
Proc. of the 7th Symposium on Accelerator
Science and Technology, Dec., 1989

4) M.Kodaira,K.Kondo,Y.Yoshiwara,E.Toyoda,
S.Kawazu, S.Nakamura, M.Ohno, N.Awaji,
S Nishizawa, T.Tomimasu: “Design and per-

formance of the Electron Synchrotron for the 1

5)

6)

7)

mEE FE3IBF2S (1990F)

NORMALIZED PRESSURE (Torr/mA)
3 .
3
j T
/
] R

0.1 1 10
DOSE (A hr)

Fig.17 Synchrotron radiation irradiation

to the absorber

GeV Synchrotron Radiation Source at SORTEC”,
ibid.
M.Takanaka,Y.Yamamoto,Y.Kijima, T.Ohba,
H.Tsuchidate, S.Nakamura,M.Ohno,N.Awaji,
T.Tomimasu:“Construction and First Operation
of the 1 GeV Electron Storage Ring for the
Synchrotron Radiation Source at SORTEC”,
ibid.

BREE - KREF - RS - S - /N - SR - BH: VY
W7y 7 1 GeV-SR EEDOHEMSIE", 146
HISORWFALERL, 1990

S.Nakamura, M.Ohno, N.Awaji, A.Chiba, R.
Kitano, T.Satow, O.Asai,M.Takanaka,T.lida,
Y.Yamamoto,S.Kawazu,M.Kodaira,K.Kondo,
T.Tomimasu: “Status of the 1GeV Synchrotron
Radiation Source at SORTEC”,Proc. of the Tth
Symposium on Accelerator Science and Tech-

nology, Dec., 1989

8) ik “XEU VIS T4 HYILT v | GeVIilht



WEX FEIBH2E (1990%)

9)

10)

1)

12)

13)

R, BAFLETF A AWELEH, DD-90
—39, 1990
T.Tomimasu,T.Noguchi,S.Sugiyama,T.Yamazaki,
T.Mikado,M.Chiwaki, T .Nakamura,R.Suzuki:
“Estimation of Touschek Effect and Ion Clearing
by the Decay Rate Plot Method”, Rev. Sci.
Instrum. 60 (7), July 1989

R.P.Healbich, J.P.Silverman,and J.M.War-
laumont: “Synchrotron Radiation X-Ray Lithog-
raphy”, Nucl.Instrum.Methods Phys.Res.222,
291 (1984).

A.Heuberger: “X-Ray Lithography”, Micro-
electron. Eng. 5, 3 (1986).

K.Fujii, K.Okada, M.Nagano, and H.Kuroda:
“Precisely Controlled Oscillating Mirror System
for Highly Uniform Exposure in Synchrotron
Radiation Lithography”, J.Vac. Sci. Technol.
B6, 2128(1988).

FEEF - W E - MR - @HE: e v ST 4B
E—LI4 v 27 LORRE , T 2 FEHFEHNT
BICHYEE2HE YRR, 28p—PD—-21, p.488

141



142

APt FE3IBHE2E (1990%)

SWip=2

THITRIVF—AGER (Full Energy Injection)

AFETHONUHERY v/ DOE— LI RXILF—F
T, E—LoZ2MmEL, ERY v I/~AHT 2 HR. T
YU TDOE = LI R NF—LD BEVTRILF—TAH
L. BBY Y/ TRECMEL =2 LF—% EF 35K
. B R VF— ASH R (Low Energy Injection) &
I 5,

TIVEFILF - AFHRINE EEHOMEELE HBEL
KFRTHD, E— LEMSHBES TH S &DE
B HEEE BT LW ERV D ZRE. Ab
BERNKEULT B LV RN D 5o —7H, ME & ER.
EAEFATAEIRLF - AHARE, AGERET

X7 PZHBRKTE S LW EFNH BN, E—LHFHD
BEOWEIRLF - TERY) v/ E L TRHRELE-L
BRELTERL, ToEFE—L52KTbTICTRIL
F—Ah FF T BERH L, CDH, U IORHP
HEcBELEREES 2,

Bt EERARONKEREL LTHREINL TV S HODFE
AEFBEZRANF-AHEREHRA LTS, 15~150
MeVD 54 Fy o470 barroBRY V7K
AT 2 ET, 2EDY AT LENELTEIALTD
boiT, BARBAVENNTWV S,



