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Table 1 Specifications of soft X-ray undulator beamlines operated in SPring—8, Photon Factory and UVSOR.
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SR 8 s?%;n gnt, revolver asym Fig. 8 twinhelical twinhelical Fig. 8
e B or FIRM| B - f5M LR or PR AP FeAs PR it o BEE R W
Pow ot VLS-PGM |SI(111)DCM|VLS-PGM (A) VLS-PGM (B)| VLS-PGM |VLS-PGM(A) VLS-PGM (B)|Si(111)DCM VLS-PGM
I*J@Kﬁ@ 250~2,000 |2,200~10,000] 200~1,800 200~1,800 | 350~1,800 | 120~2,000 200~2,000 |2,100~3,300 170~2,200
TSy I A
(photons/s/ >10-12 >10-12 >10-1 >10-1 >10-U >10-U >10-12 >10-1 >10-1
0.01%B.W.)
TrVE-RE > 10,000 >10,000 >10,000 > 10,000 > 10,000 > 10,000 > 3,000 E> 8,000 > 10,000
B —AY A A | <100 nm~um| ~3 % 30 gm?|<0.1x0.1 mm? <0.1x0.1 mm?<0.2X0.2mm?20.1~100 gm 0.1~100 gum |~10X 10 gm? <0.2X 0.2 mm?
TR-PES PES (Fmi) PEEM . XAS
754 WiF#E | 3D-ESCA | HXPES | AR-PES © Eﬁ%fjﬁ.ﬂfﬁ) PES(#3)2D 75 PES ~ MCD N XES  AP-XAS
UltraTR-PES MCD AR-PES SX-XES
PF
C—A5A4Y BL-2 BL-13 BL-15 BL-16 BL 19 BL-28
(2018 TE)
s R FFIH KEFALFRFI R ILFFI A KA FRFI A KEFILFFIH RefILFFI A
= PF PF PF PF PF PF
S 6717 (VUV), _ =g _ _ (176
IR TS F— (SX) APPLE-II 75+ APPLE-II APPLE-II 6 5| F
U T O
A K3 o R » RO o FEH - K« HEE o K o HEH »
TRCHs *%H‘(VUV), M. fEM K M fEM =] M. kM
K (SX)
- VLS PGM, | VLS-PGM S VLS-PGM VLS-PGM RGO
B
" 30—300(VEJV)),
T RIVE—HiIF | 250-4,000(SX), g
(V) 30-2,000(VLS-PGM). 50-2,000 2,100-15,000 250-1,500 80-2,000 30-300
1,700-4,000 (DCM)
75y 77 Z(photons/s)|  10-13-10-11 10-13-10—°  |3.5x10-1'@7,500eV|  10-12-10-1l 10-13-10-11 ~10-12
TRIVE—SREE | 2,000-20,000 4,000-12,000 ~20,000 4,000-8,000 5,000-10,000 30,000@30 eV
o . ~0.5%0.1 mm2 | ~0.2x0.05 mm? [0.02x0.02mm2(A1)| ~0.2x0.1 mm? | 30x30nm? (A) )
EmATAZ L GREVICHREE) | GE— R ICHAE) |0.6x0.04mm2(A2) | GRS R ICfFF) |0.1x0.03 mm2(B)| 0-13%0.05 mm
R . _ _ semi-uXAFS (A1) STXM _
¥4 HiFE | In-situ AR-PES AR-PES N CEL (A2) XMCD (A TS5 AR-PES
UVSOR
vL—ATA Y BL1U BL3U BL4U BL5U BL6U BL7U
e R 3LFFIH R AEFFIH R FL[FF H KL FRFIH R ILFFIH KL [FFIH
UVSOR UVSOR UVSOR UVSOR UVSOR UVSOR
Y5 (undulator) Apple-11 B2 H2EE R Apple-I1 H2eE R Apple-II
TR B/ AR BRI B AR B/ A P BRI B/ A A P
bo 0 L VLS-PGM VLS-PGM VLS-PGM VLS-PGM NGRS
TV E—#iH (eV)] 1.6~13.9eV 60~800 100~770 20~200 eV 40~500 eV 6~40 eV
75 v 77 A (pho- 10— e - e e
tons/sec/0.01% 10" 107¢ 1072 1071 1071
B.W.)
I RIVF —5 fREE — 10,000~5,000 ~5,000 >10,000 10,000~5,000 AE~1meV
=AY A X ~200 X 50 ym? ~30 % 30 ym? >30%x30nm?  |400X20~10X6 yum?| ~100x% 100 um? | ~200 X 50 ym?
) v uXAFS nanoXAFS(STXM)| AL V4
Ea Tk T in situ, operando | in situ, operando UARPES ARPES ARPES
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Fig.2 (Color online) Top: Schematic illustration of the
wavelength-dispersive soft X-ray XAFS system2627),
Bottom: Time evolution of atomic O and CO n™* peaks in the
O K-XAFS spectra of O pre-adsorbed Pt(111) surface dur-
ing O, exposure at 400 K. Each spectrum was taken in 1 se-
cond.
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Fig. 3. Si 2p spectra of a Si(100) crystal surface. (a) Si(100)2x 1
surface, taken by F. Himpsel ef a/.2% using the Eastman type
electron analyzer at SRS, Wisconsin with a photon energy of
130 eV at room temperature. Energy resolution is about 350
meV. (b) Si(100)c(4%x2) surface, taken by R. I. G.
Uhrberg, using a SCIENTA analyzer at MAX-LAB with a
photon energy of 145 eV at 50 K30, Overall energy resolu-
tion is about 50 meV. Surface core level shift is clearly ob-
served. The inset shows the cross section of the Si(100)c (4
% 2) surface, in which S, S” and B indicate the Si atoms in
the different sites.
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Fig. 4 (Color online) STXM was applied to study the uptake of dexamethazone, a drug used for inflammatory skin dis-

eases into human skin4!.

(a) Depth-resolved image of the skin by optical microscopy. (b) Spatial distribution of the drug’s 7* peak inten-
sity taken by STXM, which shows that the drug was accumulated in the stratum corneum. (c) O K-XAS spectra
of a human skin and dexamethazone whose molecular structure is shown in the inset.
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Fig. 5 Depth-resolved Fe L-XMCD spectra of Fe layers deposited epitaxially on Cu(100)4®: Fe 3ML @130 K (left), Fe
7 ML@200K (center) and Fe 7 ML@130K (right). Bottom figures are spin structures simulated to explain the

corresponding depth-resolved XMCD profiles.
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Development of the soft X-ray spectroscopic
studies using synchrotron radiation
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Abstract

History of the soft X-ray spectroscopic studies using synchrotron radiation in Japan is briefly rev-
iewed. Pioneering works at the INS-synchrotron and INS-SOR were taken over to Photon Factory
and UVSOR, which have produced a number of interesting works. Advent of the undulator has ex-
ploited new spectroscopic methods and stimulated the construction of high-brilliant synchrotron
radiation sources in the world. In Japan, such a facility has not been approved yet, but PF and UV-
SOR have been up-graded close to the third generation ring, and several soft X-ray beamlines were
prepared in SPring-8. Some unique experiments performed in these facilities are described. Final-
ly, the future of the soft X-ray spectroscopic studies will be addressed, as well as the fourth gener-
ation ring which is planned and will hopefully be approved in the near future.
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