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Figure 1. Reflectance spectra of Mo/Si multilayers deposited by
RMC sputtering with low pressure Xe gas.
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Figure 2. Reflectance spectrum of a Cr/Sc multilayer deposited by
ion beam sputtering.
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Figure 3. Schematic diagram of a programmable shutter system.
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Figure 5. Reflectance spectrum measured for a Mo/Si multilayer

with an aperiodic structure (open circles) and calculated one (solid
curve).

b5, EL 228 TR LD ICAHAOEHOMBEL B
LOT, BRROEFTRLATHPEDCRELESL, D7
B, JRWAS AP L TRV R AR5 2 &
W HE7R I IR S L I O E AL B AW K TH 5, Fig. 5
FIEE LY 7 FIC kB EHIHE TS A v E— L AN
v X TPEBLL 7= Mo/Si 86 BRI o\ TEEf L 7= 55 B2 =
LT\ A0 ) 2EEIE T#0.9 nm OJE WA # A FH L T
W5 (Fig. 1 LR, V— 7 KERITEFHEBED63% 1K
L CEAET50% Th 5, ZHITBIESMN % R h
EKIERdES RAD S, & THEEEED L\ Mo/Si
SRR THEE L 7228, IERAMILRBIKIC X 2 INHEbidfv
FERICBWTHEALOFEETI ToH 5 EE2 BN b,

3. BXBRZEROLH

CCTEMELT, ¥a/Nby b Fxisis 7288
MBI, VYT ST o — BN EEE R,

272 © &t Sept. 2004 Vol.17 No.5

BXBTHNEMGESONFREOR L, LB AL
BWARET &L THRLAHEEZRD EF5, ChbHDIR
ABPRKCHALZDIFT 1 ETHBER/A L D1, Mo/Si %
B DT AR AR P ER I N/ EBIFRICKE - T
Wh, 7585, HREEORICEE A FIH L 7z Fe OBk X 4~
7 7 7 —[EHROB IR 2 L FIE RIS F 2 FB L /2Rt
SHEND, BB ITEAE L BIEOERL &SR 7 &
IZOWTEIREOHFI TR Y EF v TENENDEE
Tk BB TIEFL V. F72, 100 eV LIF OMEEK Tidk
SFEBDMEZDO L, b &b EWEOWINBK E WD,
B ERHMHELBEOEBIT TR A BN 5N TN\ 5,
FOHFT, V—Y—IC L 5EKEHENTEDIDDONF
FETELTHRBRERAMFEIN TS, BIEOMERICHEHR L
72\
3.1 BEBCEEF A

DN T 5y 2700y b b RTINS & ™
MG HAGDOE/ICBDOT, MEOKAFLEDLT 2T D
T ETHEHRDONELERS 2 MW TESH, ELETTRAD
B — AT A VI Ea RRECE o KR HIC S
JEZ a—F L7z 2700 Vb P s nakiE S T
510 0 Skt ETOVE—AY A RiF05um TH5H, Xss
LT FIVF—274, 958 L U110eV HO 3 BT,
B 2 %13 Mo/Si @I T, #%&13 Ru/B,C L@ Ta—
FEaNTW5, 95eV ORWEDOFEMEIT25% TH %,
Fig. 6 {2 MBE THE X ¥ 7 p-n GaAs A T FDOWHEIO
BB TH, AR EEL (B DOTHS, TDOH
Fig. 6(a) & Fig. 6 b) IZH MmO T RIVF—"ZNE N n
My pHlDGaAs DGa3dV — 7 ICEHY THELE-DL
DTH %5, n-GaAs Fid(a) TiEH A<, (b) TiEKE< 72 -
T\, Fig. 6()iZ ) » 5 @) %5[\\/=bDT, Boa
VEFESAMIEDBEBICE S TS, T, R Thhs Xk
212, 0.25 um OFPFFEINT 5,

3.2 EUVL #g/MEx 2Tt

70 nm 7» 530 nm OFFE N R I h 5 kit O#E LSI
TIEZRENY Y757 4+ — (EUVL) Hlkbififrash T
W5, EUVL Ol % i 3 Hiffi 2 % IR 585 % Fl Ve
B NETH S, Fig. TIIZ 2 —A/VVICERE S
N7 EUVL BXEBETH A0, B TRE SN A
7D/ —/1d Mo/Si @A a— T L7 M1, M2 k&
U M3 OREEIRTY 2N —_EIC1/51CHi/ L TRt S h
Bo VAT AOBBKIZ01ITH B, 3HD I —HHE
W B IEERE T, BIRFE2£130.58 nm, FEmwiM 0303
nm ThH 5, HRKFOGITC X A5 M3HHINTES
D, Y—r I 1O LB TIER13.5 nm x4 LT
5% MEREIN TS, A7 EORBE T30 mm x 1
mm CTH 50, UrN—tEL TEET ST L T30mm
x 28 mm OB N RETH %, Fig. 8 BRAIZEEIC L 58
X —VWEDFTH 5, 40 nm O/ SZ — 2 BM#E S h
TWADPONPE, COBMEITSWOBEELZ 7V 7 LT\



g 1 ZREEMRORIR

Figure 6. Cross-sectional image of an MBE-grown p-n GaAs su-
perlattice obtained by sample scanning. The two top images are ob-
tained by tuning the energy analyzer at the Ga 3d peak of (a) n-type
GaAs and (b) p-type GaAs. Image (c) is the difference between the
two top images (from Ref. 16).
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at New SUBARU (from Ref. 17).
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Figure 8. A mask pattern (left) and its replicated pattern (right).
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Figure 9.
microscope (from Ref. 18).
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Figure 10. Micrographs of unprogrammed phase defects: (a)
taken with the soft X-ray microscope and (b) taken for the same
area with an optical microscope in the differential interference con-
trast mode (from Ref. 18).
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Figure 11. Calculated reflectivities are shown at the Co L; line vs. g
in (a). Standing waves vs. depth, z are shown in (b). The standing
waves are calculated at g values indicated by the same symbols
(from Ref. 19).
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rors vs. X-ray energies at grazing angles of 0.125° (triangle),
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culated for supermirrors as mentioned in the text with ¢=0.3 nm.
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Figure 15. Reflectivity of X-ray energy of 32 keV vs. grazing angle
for Pt/C multilayer supermirrors with (d(nm), N(layer pairs)) =
(4.7,1) (4.6,1) (4.5,1) (4.4,1) (4.3,1) (3.8,8) (3.4,13) (3.2,
18) (3.0, 25). Solid curve: measured at SPring-8, dashed curve: cal-
culated with ¢=0.38 nm.
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Figure 16. Partly enlarged cross-sectional view of a Pt/C multilay-
er supermirror with (d, N) = (5.6, 3) (4.4, 4) (4.1, 3) (3.7, 10)
(3.4, 15) observed by TEM (from Ref. 25).
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Figure 17. Thin Al-foil replica supermirrors used for X-ray tele-
scope.
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Figure 18. (a) Quadrant of hard X-ray telescope assembled with
thin Al-foil replica supermirrors. (b) Fully assembled X-ray tele-
scope with four quadrants.
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Figure 19. X-ray image of a quadrant observed at the focal plane
with Cu Ko (8.04 keV).
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Present status of the studies of multilayers for soft and hard X-rays
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Abstract

Recent progress in the studies of multilayers for soft and hard X-rays is reviewed. Reflectance of about 20% has
been recently achieved by a Cr/Sc multilayer at a wavelength of 3.1 nm in the water window region. As applica-
tions of the soft X-ray multilayers, a spectromicroscope with a multilayer-coated Schwarzschild objective, a soft
X-ray microscope with a Mirau interferometer, a laboratory tool for soft X-ray projection lithography, and a stand-
ing wave generator for depth-resolved MCD study are described. The former three are motivated by the high reflec-
tance of Mo/Si multilayers in the 13 nm wavelength region. Then development of Pt/C hard-X-ray multilayer su-
permirrors and their application to a hard-X-ray telescope is described. It was on board a balloon, and provided the
first hard X-ray image of a black hole candidate in the 20-40 keV band.
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