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Present Status of AURORA-1
---Compact SR ring as a hard X-ray source---

Hironari YAMADA and Toshitada HORI
Sumitomo Heavy Industries LTD. Laboratory for Quantum Equipment Technology.

The superconducting compact SR source AURORA has been constructed as a light
source for the x-ray lithography aiming the next generation DRAM fabrication. The first
SR light was observed on November 3, 1989. After that the 150MeV injector racetrack
microtron has been modified and resulted the maximum peak current of 8mA, which
enabled finally the 500mA accumulated current and the lifetime of 15 hours at 300mA.
The first exact circular machine has been established and been demonstrating more
impulse than expected. The beam orbit is extremely stable as expected from the weak
focussing principle. For last 3 years AURORA has been operated daily for users programs
such as the x-ray lithography, the x-ray microscope, and the solid phase epitaxial growth
experiment. Users are invited to enjoy extremely bright X-ray beam at less than 2Zm
distance from the source point which is benefited by the thick iron yoke. The 10keV
photon density at 2m distance is 100times brighter than a conventional rotating anode

X-ray source.
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Table 1 Photon numbers in unit area at practical target positions are compared between Aurora
and Photon Factory. Number in parenthesis are of the 575MeV operation.

Photon | Brightness - Photons /[sec, mm? mA, 0.1% A ]at‘disgance .
energy f[/:’s‘ec:,/m’A, mrad, 0.1% 2] |2m 5m : 25m
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PP |soxi® o . 2%
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s ‘ sx100
10keV AU [2X100 (70X 109 | 1X10°(5X 109 3 X 10°(8 X 109
pbF losxie o . ' Lexiae

note: AU denotes Aurora, and PF is Photon Factory
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Table 2 Operation parameters of Aurora-1

Storage Ring Injector

Type Weak focussing Type Racetrack Microtron
Energy - 650 (575) MéV Final energy 150 MeV
Beam current Max 500 mA Injected energy 120 keV
Cretical wavelength 1.02 (1.47) nm Extracted current 1 mA
Lifetime at 300mA 15 hour Macro pulse width 2 usec
Port number 16 Repetition rate 10 Hz
Magnetic field 43(3.8)T Number of turn 25 turn
Orbit radius 0.5m GAin/turn 6 MeV
Injection energy 150 MeV Magnetic field 1.2 Tesla
‘RF frequency 191 MHz

Harmonics 2

RF voltage 120 kV

Power loss/turn 30 (19.3) KeV

Vacuum 1 X 107"Pa
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Fig.1 The vertical and horizontal cross sectional view of Aurora-1.

ZAFALT, ARNV—F —DBEMARRT 2 12)/57 4 -7 ZHEICER U TERYREIIch 015

B oo Tl A V=T = AR LTO E LY A IV Tiosk LR T AHEELE L,
%, by FEEIICEDBIERT 522 L0TE 2,
10) 7 # )b b FARHTIIFRAERROZTD/ T A — (R AR]
SEBIDE IR LT M T LosiE 1B TE— AISSPEREEh O BMEE % e
BBIZL T3, DT, 7D E—RHD SRINE S
)4 Vo —7 ) & —RUSIREE AT L, EiZO N5, F7z, BROBIAIC XD E— LHEN
Vel VRAEBRBICERETESLLIICLTY EEHDT, E—LIENLET LN BRI
%, DRV, §E- Tk L7-EROBIZF — 7 DI



426

FEMEDNE W,
14)16 &M SR YEHUH R — b AYRIFEATHE,

3. #—05 0 KRR
3.1 #E

19894 11 B IZ#]D SROEMEIlE N7tk A+ —
03 1 5#H T 1ImA LI EDO ABERIZEL 5 100mA
P EOBREEBROITONS & 5 ITIE 5 IcDIF AL
w<A 7o b vOBENT T Lo 904E 10 AL
BrDZ EThb, 15 1 HOEDBEKRFTEMH
RIRARRT, FFE2A»LERY v 7 & UTARK
HFNEGEFEOEAERONS LW 5T, %
LT, EETADS, RS54 5 —DOBEERNT
A5 — ML, VIEREREOREDOHY, B
HF—X& (A- Ho) &HMOMOOBIRS, ik
FEOREDE Ko LOWR) 2ERMS Z &
MNTEDEIITI o0, LIk 2RIz > TE
BSEEIEA LT oNTED, I TZORRER
DSWTHENT %, RIEDEEIRI AR E L TEE
BT O®D TH 5%,

(9147 B LIEDZERIKR]
HHEREER : 300~ 400mA
BOANETEE © 500mA

ZRE N— X8 : 490A « Hr (915 7H~9347H)
W E— LFHAy - 200mA B 21 ISR

WA FEEEFE4E (19934F)
300mA 15 iRY
400mA 12 B
BhERZTRE  MENE 2X10°°Pa
EMERE 4X107Pa@E1D)

1) BREEILEORE N AL 95% S H, TH
D, D 5% HO/COTH 5,

EHBROMBIIR 2ICHLA R E ST ET
AUBIERICEA S, 2897wy vy 5
4 T H T 500mA LI EOEENETFEINTL
%o BHIZEREBIRE (300~400mA) DEH 1EHz
DEFTH 2D, 2—HF—DELZIZ L D 400mA L)
LORBREFEZEROERIN TV B, BRY
7 Ok 5 LofEEE LCBIAS N2 BRI SR
Wil 23 U /oy N — X8B3, Bz k22
TRT 4 v T — 7 EEIT I LRI O REES
&S % & 500A«Hr 2B LT3,

E—LFEmzBALTid, B 26FRIE3IzH 5
NBEBE /& > THUTC & 7z, FIADEERR X
PR MUAMEITIZ B - 7eFGDS, Bz > T
HULAHBINTNWS I L5, HHIZ 107 Pa
LN DL — 7 AR R U CEFREAEE L
WLk, £, BLORENIBZAIN S,
BHEERMEE E— LHFMOMHBEAR4ITRLTE
Co COPITIRBEFEREBNIC L THI3EBMTS -
2o ARV =2 a VEUDHFGDHELH B ]2

600 r
I Swred Cumrent {mA]
500 | ~——— Integral Dose [A * H]
400 |
300

200 |

Stored Current [mA]

100

400 »
Time [day]

500
4 400

| 300

[H - v] 9so( [eadauy

Fig.2 The record of the accumulated beam current since July 1991.
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indicated.
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Fig.8 The over view of the Aurora-1 and the beam lines at The Laboratory
for Quantum Equipment Technology in Tanashi, Tokyo. Nine beam
ports are fully utilized.
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Fig.10 Far infrared spectrum of Aurora-1(solid line) is compared with a
1400 °C mercury lamp(dash line) demonstrating potential of Aurora
as an outstanding far infrared source.
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Fig.11 The demonstrated resolution of the double
multi-layer monochrometer by observing Cu
L-edge. The obtained resolution A1,/2 is
0.5%.
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Fig.12 Measured reflection coefficient by the
double multi-layer monochrometer.
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SOFT X-RAY MICROSCOPE
USING THE SCHWARZSCHILD OBJECTIVE
AND THE COMPACT SR SOURCE

Fig.13 The schematic drawing of the Schwaltzsild type X-ray microcope
system. The best observed space resolution is 0.19 um.

Fig.14 One of the biological specimen observed by
the Schwaltzsild x-ray microscope. The
picture is viewed by CCD camera which
takes 30msec exposure time. ~
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Fig.15 Degree of crystarization is measured by
Raman intensity. Samples are irradiated by
the same amount of integrated x-rays, but
the average x-ray density were varied. It is
seen that the threshold x-ray density is
required for the crystalization.
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Fig.16 The ESR spin density were also measured
for the same samples discussed in Fig.15
The increasing spin density at below the
threshold x-ray density may indicates the
process of the recrystalization headed by
the bond breaking.
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