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Figure 1. Schematic structure of a soft x-ray multilayer
mirror showing the constructive interference.
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Figure 2. Cpmplex plane plot of the Fresnel reflection coefficients of materials at a wavelength of
12.4nm(100eV). Lines show material combination investigated. Si/Rh is the best combination.
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Figure 3. Three material combinations of mirror

multilayers showing clear difference in reflectance as a
function of the number of layers.
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Figure 4. Theoretical performance of the multilayer mir-
rors with three combinations of material, confirming the
material selection criteria proposed.
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Figure 5. S-polarized reflection spectra of a Mo/Si 161
layer mirror measured at PF-KEK. The angles of inci-
dence are indicated in the figure.
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layer mirror measured at PF-KEK. The angles of inci-
dence are indicated in the figure.
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Figure 7. Angle of incidence responce of the relative amplitude attenuation o =Rp/Rs of a Ru/Si
21-layer mirror showing clear interference effect in the complex plane plot.
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Figure 8. S- and p-polarization reflectance vs. angle of in-

cidence of a Ru/Si 21-layer mirror calculated at the same
condition as in Fig. 7, showing large difference at around
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Figure 9. Experimental setup of in-situ reflection detec-
tion of intense filtered light from a multilayer mirror.
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Figure 10. In-situ reflectances of four multilayer mirrors measured after irradiation of white SR at
a power density of 0.19W/mm?2. Good stability is evident except the Ru/Si 21 sample.
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Figure 11. Current reflectance trends of various multilayer mirrors at three wavelength regions.

Solid curves show the theoretical maximum expected with ideal interfaces of zero roughness.
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~45°

Figure 12. Schematics of polarization measurement with
reflection multilayer polarizer P and a rotating analyzer
unit consisting from a reflection multilayer analyzer A
and a detector D. The orbital plane of synchrotron lies in
x-Z plane.
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Figure 13. A rotating analyzer signal showing good
extinctions with the multilayer polarizers at crossed Nicol
positions. The extinction ratio reaches 600 as shown by
the best fit curve of a cos? 77 curve with a DC-component

I min.
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Figure 14. S- and p-polarization reflections of a multilayer analyzer measured at four wavelengths
as a function of angle of incidnece around 45°. These curves demonstrate good performance of the

analyzer through these wavelengths.
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Figure 16. Rotating analyzer signals of a free-standing Mo/Si 81-layer sample observed at various
angles of incidence. These curves show wide variation of state of polarization of transmitted light

with linear polarization input.

SO E p A OBERICENSEN, 1, AR
KEEOMTAHEESEL B Lick->T, §H
RIEDREER O X B DO HAE O LHEHEA e (=
tan = (I min/Imax)¥2) DSZEL LTV B,

RE s hicmeEHOF o » 6, =Y 7Y
A Y —DFEILRE-> T, BB O OBRR
TEBEERL Ts/To =1/ p =cot ¢exp(-iA)ZHRTE
Ufeo 72720, HEMRA 13, % OHENME LR
ETERVDT, RAAZEHTZEE, 74
DEHEERET 5L L bic, EFVHERES
ZT L TUEEIT- 10

BJ17 iz, 81 BEHKEID 1/ o D ASTAKEFE%:
Yo BAENIEANET, ERIERTEMETH
%, BEEERETEICHV 72 Mo & Si O EERITR,
(0.9324-i0.00589) & (1.00276-i0.00150) i3, Mo @
FEEEMERDMED 0895 & LTHEH L 72,
o, FEMBREGEEED 0.98f5& Ui

ZRETHE— 7 X0 SEASHITER, HEH
ERIIBW—EBERLTWS, AFA W ~43 T

BERELIZ LA LBOEESH D, TOMEE
Tid, BEBSERNY 14% T, SKRFELEE99.2
RBFHLNTV B, AFTA46° TIiE, 90° DHIE
HERL, COLEOFEEEERLIIN0E6H,D,
MEBEERSHN 10%T, FHHEXD s : p-ERKST5HE
BEHAIZIE 3 : 5D 1/4EERITE 5,

BRBEBERLERTFE, ZEETHBY -5
S RREHE C 520 AHARRT, AFBDE
LIt LTRET, L b RELBBEAVBESH
Bo T, E—b e FAN=Y VIADKENR
RXFRITXT L TH, mVBEORIEHIES L R
JRRE D v b o — VASEIRET H B, BAE L 7oBEB
B BREAENC>WTOEAEEBE L, BiEA
WERESNAEEEL T2 354, #hEhFR1
DA N=Y 2 YABAN-TE 3,

AR UTcfES5 BT, HREE 8mm DK
DEWIXFFERO EIC, 7V =285 vF vy
DREETEBIEE<Y VT AT ENTEN, B
BEIZEE T, APt EEHEOEEs— L



BHX FIEE2S (19%F)

Mo/Si 81 layers
hv=97eV

119

----- ¢--- measurement
theory

Im(1/p)

Figure 17.

0.5 1
Re(1/p)

Inverse complex relative amplitude transmittance 1/ o =75/ Tp of a free-standing

multilayer measured as a function of the angle of incidence at a photon energy of 97eV. A polarizer
region around 45° and phase shifter regions around 35° and 45° are evident.
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Table 1. Phase shift angles, permissible divergences of

an SR beam and throughputs of Mo/ Si free-standing
multilayer phase shifters fabricated to 3 different number
of layers.
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Figure 18. Schematic side view of the beamline 12C at PF-KEK with a multilayer reflection filter
and a photo-reaction chamber. Photon energy is selected by the swing motion of the chamber (26 )

and the rotation of the filter ( 8).
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Figure 19. Reflectance degradation of a multilayer mir-
ror used as a filter at a Photo-CVD beamline. Dash, dot
dash, and solid curves show original reflectance, and
those of non-irradiated and irradiated part. The degrada-
tion was found to be caused by C layer deposition.
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Figure 20. Schematic diagram of the double-multilayer
polarizer and the experimental setup for the evaluation of
its performance. P and P;, multilayer polarizers; D, detec-
tor for measuring the throughput of the DMP.
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Figure 21. Measured throughput of the Ru/C double-multilayer polarizer for s-polarized light as a
function of photon energy. The dashed curves are the throughput at fixed angles of incidence indi-
cated in the figure. The measured polarizances of the DMP are also plotted with A.
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Figure 22. Beamline potics of BL-11A PF-KEK and a rotating analyzer unit set for polarization
measurement. Direction of SR beam can be adjusted to the entrance slit S; by the mirrors Mg and

Mi.

Table 2. State of polarization of SR (ellipticity angle &, azimuthal angle of ellips &, degree of po-
larization ) and the relative phase shift (tan ¢ exp (i @)) of a multilayer phase shifter measured
at 4 azimuthal positions (vertical steer ¢, horizontal steer 8) of the 1st steering mirror Mg of BL-
11A, PF-KEK. ¢p is the angle of incidnece to the multilayer phase shifter.
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Figure 23. Observed ellipticity & and the azimuth of the ellips of SR emerging from a grasshop-
per monochromator at 4 inclination angles of the steering mirror Mg of the BL-11A, PF-KEK. The
axes fo ellips are not horizontal. This is caused by the phase shift upon total reflections of the

beamline optics.
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Figure 24. Beamline alignment signal with an analyzer
setup tuned to vertical vibration component so as to give
an error signal. The best linear horizontal polarization is
obtained at the minimum; i. e., crossed Nicol condition.
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Figure 25. Relative amplitude attenuation angle ¢ and relative phase shift A of a Mo single layer
sample measured by EUV ellipsometry. Resonance like structures at angles of incidence of 49° and

62° are evident.
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Figure 26.
layer sample as a function of the angle of incidence for
comparison with the measurement shown in Fig. 25.
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Figure 28. Spectral reflectance of the Mo/C multilayer
at 45° angle of incidence (top) and Bls exciton emission
spectrum for h-BN (bottom).
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Figure 29. Output of the rotating analyzer vs. its azi-
muth angle measured for the B1s exciton emission from h-
BN with the c-axis oriented vertically (top) and horizon-
tally (bottom).
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