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Design and Manufacture of a Testing Device for the Evaluation of
Optical Elements

Yuichi SHIMIZU, Osamu YODA, Tsuneo SASUGA *, Yuden TERAOKA *,
Akinori YOKOYA * and Mihiro YANAGIHARA **

Advanced Photon Research Center
Kansai Research Establishment
Japan Atomic Energy Research Institute

Kizu-cho, Souraku-gun, Kyoto
(Received February 1, 2000)

An active development of X-ray laser which mainly emits lights of soft X-ray regions
is being carried on in our research center. In order to achieve the development, it is
essential to use optical elements such as high-performance multilayer films as mirrors
for a resonator. This film is necessary to possess a high heat-resisting property to
irradiation by high-intensity pulsed X-ray together with a high reflectivity of soft X-rays.
The evaluation of the film characteristics such as reflectivity, surface roughness and
surface damage will be possible only by employing X-rays in the specific wavelength
region from synchrotron radiation (SR). For this purpose, it is convenient to use soft
X-rays from the SPring-8 SR facility. By reflecting the results of the estimation in the
preparation conditions of the films it becomes possible to prepare optical elements
practically available for use in the soft X-ray regions. This report describes the design
and the manufacture of above mentioned evaluating device as well as setting and
adjustment of the device which has been installed in the BL-23SU of JAERI beamlines
at SPring-8.

Keywords: X-ray Laser, Soft X-rays, Optical Elements, Multilayer Films, Reflectivity,
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(1) BRXHO—RH) 7R IERR
¥+~0.01 nm X
30~1nm (0.04~1.24 keV)  ERXHRAEIK
2.33~4.36 nm (532~284eV) [/KDZE] (0 & C D K B D)
KEBZBL., KEORNZZITF D - hE

oF
0.1~0.01 nm (10~100 keV)  BEX#- - ZEEA—/X—2 57—

X#RD energy E (keV) = 1.24/A (nm)
Rtk X Al-Kc (0.834 nm, 1.49 keV)
Cu- Ka (0.154 nm, 8.05 keV)
fltiZ Ni, Pt, Au, Ir 72 &

) BREI S—OHEHE
200 nm *cece 0, DHRIY
105nm - LiF ORI (EiBE 5T
<30 nm' - FHAFEFER (EAFHER TIRFRIGSNRN)
>1nm " ERAERMDFENDT SN
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2L 5,
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BEJyLF- - Ti, V, Fe, Ni, Co, Mo, Ru, Rh, Hf, W, Ir, Pt
BEL#----*Be, B,C, C, Si, Mg
Le®. BimoFA
22/ LA 70—bASA, SiTVx/N\—. HEHIZX (B, BK-7). SiC
0.2~0.4 nm (rms)

(5) YERRIL
5.1) B#
RTFXRNOAANY I VT
REXRENLZE. 10" Pa (FHMEADEN)
- BT E—LEKEE
SREYME (W, CBOTIIEBEREEN—EILRSBRN-BEEE =4 —
—NE, ENISEE
I VA L N VAR R A I/ 4 .
ARERENRE BETZI—FH), EREANY YEMNSRREETE,
Ar EHE L (~6x10°Pa) TE 5,
EDBELETT, 1 A7 hNVOPREZLIVEENICENVWTREETE
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- REOHE S
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BEOLEMENEL, #HEROZVHD
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(7) Pl
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SPring-8 3R B MES YENiER DEFR T, Super Photon ring-8 GeV D& TH o T,
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F—MNOEEFHRIE (6GeV) LA LDOINER ZH T 5 KB EHER EMEITh
% Mk IIBAEH S IT ESRFE, APS, SPring-8 D=2M&% 55, I SPring-8 3BT
E—LADIMBEIRIF—H8 GeV EMARAKTH D L EHIT. EFHOMEERIC
TP alb— 8 —EROEANBFEEZLEBRETES L DITRETEINAE I HAK
DHAEHKTH 5.

Mt &t BREARTEETS2ETFHREOETAMERAREICEK
TEALSNEBICRETIERETH - T, BFOERENEL ., TOEDAHR
DEENKENZE, FOKRSNEEINHERD, FEXBREEOERED
HEEZE,

SPring-8 Tid, BFHEMNOSRAELZEBFE— L%, TTHREMERITELD 1.2
GeV ETMHEL 78> 70 b0 IZEAL TS GeV ETMET 5, ZOBF
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o THEAERESE S, BFOEITHAZEADEDICAVWDIHAEL
Tid, BT2U 7 ROMERICEAC 2D 5D ICHERRAEERAO SBA %
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- RAEBEA : RN XBETOEGELZEEDOK (BEK) 2FH4E
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ZDEHIT, SPring-8 DMHFAIIOMD THS W (FHEE) OMI< K5 N,
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BERNB I RN F—DEHETH D20, TOPMSBRICKR TR F—
BIBOKZFTEMOH L THEATESN, BICINETHEYREED LM -
BRX BB (K 10V~ keV) TOMFEDOERENHEI N TN S,

RXBEBRDOATIR,. FTFONREFEMETSIENTE, ThN3 &S
ERSOTHEBEBTHBEDOKIGEIZERIH L NWROLERIESEI 5 EEbN
TWa, LML, FRIBIEIZDOWTIE., CNETRAREFI RILF—H545
HART MG ETLDBTFRECH FHBIBEIIDVWTOSNENRIFENET
Holz. MFE, NREBENZFAL T, 2FRORKEDRTFZBIRNICHIE
U, BE LR FAE TORRNWZEGUNEsIERIT Y1 h2RYIL-
LIS DEISDZEN, JMOT Mo FTHRESINA (1], Thabb,
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" Wi ¥os5 . kg B, 9. B °. ", 10 ~ % P
B 5] B s )y 5 bt |l L 107 7 7 T
1 wLT v T A k vt 10° | # H G
MAFEE | v v v K ELFELL | eV 10° | # i M
K v| o mol TR | o 00+ el k
x Elr v 7 3 cd 100 | ~ 7 b h
Y @ M3 v 7 v | rad 1eV=1.60218%107'*J w7 | da
LK M| RATIIT Y sr 1u=1.66054x 107" kg w7 ¥ d
1072 + v F ¢
10°% | 3 ) m
3 BEHEOKKE LD SIHTHE 0| 24r0| .
&4 SIEHICHENIC _
o ] 0|+ 7 n
B & omo |ws | ROSEE Het = B g O A
J& Fi:d ¥|~ n~ 7| Hz s’ 2 PR i 5 107" 74 b f
H Za2-t+v| N | mkegs? Ay AbD— L A " v ¢+ a
[ESR s hlY A | Pa N/m’ . _ v b '
ik HHE BB Y 2 — | J N-m N - N bar (iE)
L%, B HER|7 » | W Js # W Gal 1. &1 -5 MREEHAIHR] F5 MK, [EHE
EaAam, d@m|7 —o v| C A-s * a0y - Ci S 1985 ERTIR & %, 1221, 1eV
B/, BE, &£EH K v k A% W/A [ A R BLU 1 udDftiid CODATA D 1986 F#EAE
# & A ®R|(7 - 5 K| F | CWV 5 K| rad ek 1
‘T oA K Bt - | Q| vaA L | rem ‘ : .
EEVA ARV B S IV S S A/V 2 RARWBR, /o b, T T
i #|w 2 — ~N| Wb | V.s L A=0.1 nm=10-""m ~ BT TLANHTEOMUL DT
44 Ed i3 |7 A 7 T Wb/m? 1 b=100 fm?=10"?% m* ZTIIHEBL I,
Ay 5N vy | H | WhA | barc0.1 MPa<10°Pa 3. barid, JISTREEKDILNEEDT IS
er vy 2BE |ervyzE| C | Gal=1cm/s? =10~ m/s* ABKROKR2ON 7 XY —itsHEIhTL
# Flnv - 2 v Im | cdesr 3
i 2 1Ci=3.7x10"°Bq ° _
v 7 Ap o dm/m , 4 ECRHAE4THE bar, barnkk
b4 5t e l~ 2 v | B s™! 1 R=2.58x10 C/kg . . o
" el a o U [MIEDOHA | mmHg 2 &207 537
W IR % ‘|7 v 4| Gy | Jd/ke Irad=1cGy=10 "Gy —KANTWLS
WO Y g|y-~Nu b Sy J/kg l rem=1¢Sv=10 *Sv °
# [ £
11| N(=10*dyn) kgf 1bf It | MPa(=10 bar) kgf/cm’® atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 h 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
5 E 1Pa-s(N-s/m®»)=10P(£7 X)(g/(cms)) 1.33322 x 107" | 1.35951 x 107 | 1.31579 x 107* 1 1.93368 x 107*
I 1m*/s=10'St(R b — 27 ) (em?/s) 6.89476 x 107" | 7.03070 x 107 | 6.80460 x 1072 51.7149 1
] J(=10"erg) kgfem kW+h cal GtR#Z) Btu ft « Ibf eV 1 cal = 4.18605 J (it#H:)
2
g; 1 0.101972 277778 x 1077 0.238889 947813 x 107 0.737562 6.24150 x 10'® =4.184J (#L¥)
| 9.80665 1 2.72407 x 107¢ 2.34270 9.29487x 107° 7.23301 6.12082x 10" =4.1855J (15°C)
% 3.6 x 10°® 3.67098 x 10° 1 859999 x 10° 3412.13 2.65522 x 10° 2.24694 x 10%° =4.1868 J ([EFR&EZX)
; 4.18605 0.426858 | 1.16279 x 10~ 1 396750 % 107" | 3.08747 261272x 10" (rik 1 PS (1L /)
R 1055.06 107.586 203072 x 107 | 252.042 1 778.172 6.58515 x 10! - 75 kgf-m/s
1.35582 0.138255 3.76616 x 1077 0.323890 1.28506 x 107° 1 8.46233 x 10'* =735.499 W
1.60218 x 107 | 1.63377 x 107%°| 4.45050 x 107?¢| 3.82743 x 107%°| 1.51857 x 107%*| 1.18171 x 10~ " 1
bind Bq Ci 3 Gy rad 1] C/kg R Sv rem
e I it &
1 2.70270 x 107! R 1 100 % 1 3876 | 1 100
HE it At fit
3.7 x 101 1 0.01 1 2.58 x 107* 1 0.01 1
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