WX FIEE1S (199%65F)

1. RL®HIC

ST TITRNRA R b VBHBET D, TOY)
BiiEGTOEETOL N EDOARY P ITH
nickgEs o, BIAIDEYREE EE D/
FEEEER L, RT - OTFHREERSFIhEE
BRI B, E0FETHNL, BNARI FVED
b D3 Z OYTE OFEREIRBVER L TVA D,
Th S ORFHREWVICIBTHELES LTV
5 5TH%, MEONFHNHEEEZRTEAN
EBIEEERD B 50 BINA & B YE DIFEE
BRERBITRA=n— ik THEEINSE, 2T T
n 2R, kEHBERREFATVS, L0
TR LIRS 1 & k DRFICiR

p= L1 (1

EVWSEFREH B, TTTARAHEOEETH
%o T, BIURHOERERS A 5 BRI
AR I SIEHFEEREE CEMTRETH
3o REEHOMIKESB TRERFER
e=c¢1—ie2BELHVONS, WEITIE

fi= g, 2
2%,

g1=n?— Kk (2a)

g2=2nk (2b)
EWSBARDD B

* BULRE¥  RIEFEFHRIBFET T980-77 IAHEEXRF2-1-1

TEL 022-217-5377 FAX 022-217-5379
e-mail yanagi@vixl. rism. tohoku. ac. jp

—_ 1 J—
(C) 1996 The Japanese Society for Synchrotron Radiation Research



T, PEEOMEICHINCE DT &S
1218 - 7o D IR XL BRI EORFR Ic#ED
BEIIH->THhOTHS, HEHMOLSIT, ¥
X¥RAZBIERE L RITR ORI 3 2 EEOY
BAERHIT, L db¥omEEORE L ERE I
AVra— N LRBLL2EETI00/8, iz hll
LEREL-bDT, ELEALOBRERTH
%o T DEBIZRED > OREHEDTFHORIRI
& - THEAFHOHEWER X ITH LT B WRETR
2FT 5T LTHB, (ERDRESIIER X MR
LTRBAHTULIEIRWCEEELI L, £
JE I R 68 D HHBR 138Kk X R DIEIL VS F I E Y
CBHRELLLTVWE, ZOIEHYFIZRXE
PSP XRERSE T E 5 F, kitRO®
LSIPERIE: & U TS TV SR X ke NG B
EEEPERX#R CVD R EEER DR ERATIC b
IE{RATWS, 2hidh b T, ZESBEL
DHBIBEHNE—L54 VITBLTH, BiEHE
(BE, SPring-8 TREE%2D L O->Z L THE
L, EHBTREREEDIZ —/¥—3 5 —-0DF
RtE#E), BEEa - M EEFKRTF, R
KF, BET ST -T7 00—, BCRXERE
HFEBEBRBICANEL SN, DI EBLE
PRSI OSER XIBERIB D b 5 ORFERTFE L
THRETVWEIHBTH S, LL, e
N B EEE R 2 I3RS AREIEL
K2»hdHY, ZTO—2>EEOKRXEIEERIC
B4 2RIETH 5, RXBEBEIERRERSE
KHT 5L CBYWEOEELRHEL Lz, &
YELBBEOHREEFH L SBT3 13 nm
DERDOIEFERBRARTH %o RERK XKL
FEMEE A Henke SV OF— ¥ BELHS
hTw3s, LLl, THhiFSV720RiICLEd
DTH»>T, ¥nm OEEONEEHKDF— 5 1t
WESNTEST, MEB—HTIHEI LR
P> TWEhote, 5T, SAMIDF—%
BEDEEHER LIRS, HLEBEONE
EBOHEE 7— 5 OBRBMEL L > TE R,

BEx HIEE1S  (19965)

ZTT, &7 Henke > DRFEFEHIZH W
TAOLELIBN L TEL DbFRFEOBED S -
THEKTIRISWES 5 o BRXBEETILFEER
BRIRAD L 5 IKRFHEETF f=f — i 2RV
TREINDEWVWI DD Henke 5DEZDEAEXT
b5V,

ro

0=1—n= [ﬁ] 12¢;xpf1p (3a)

k= [2%] A2 ¢ ; xofze (3b)
CCT ¢ dBNEREY ) OBBRBAN S F O
Thy, BNTFIREE 2 O x Bt L TREFE
BRF o=/ v —ifo2F2p L VWIEF o H
DOBRINTVWBEbDET B, £ rnoldHEY
BYFYETH S, £ bZ bRTFHELRTFREFIC
DPVWTERENTVWIETH S, LS HEHS
WIEE DT, MEEBRT 3RTFORMERY/:
D DYHBPIE, ZORTFHEIRFERAVTE
DYE DXFEMHPFENHETESZLVWH 0D
%5 Henke 5 DEAMBELHTH S, Thick
5&, SHEI LTV AYENEEKICRS Y, &
BETOLIETORBRICEKD TENTET, BV
BRIRFOFER T TH S, HBIICHBRDOBING
POBIRNNF—AIICHNBIZER <Y b VIRE
FHIBHREEZZE L TL 3, T TREFHOMEA
DEF BB AT 2B FEEHEE LT
W ->THBD, Henke 5OEFEZIIRYTH B, L
L, BINBRD R R b IVER IZYE Dk REE
CBROTEETHD, BE»SEHT R VFE—f]
#150eV & TOMRIRIIRT ORESREE KBS 5
BiE (BILIFEXAFS) BRON %, £ LTRMH
BYRETFHEET 2EZEABICBVTRIES
BThb, ChHIicBIL Tl Henke 5D EF L
BEMELLBETED, BYTRITV, 45,
Henke & DZEEHMS NNV 2RI LTVWS &
RREEha0Did, "VvromEL2ER L THE
ENTVWEDSTH S, KEEHIEETHRE S

— 92—



B SHIBE1E  (19%6F)

ETNIFEEIC>VLWTRZOEER2ELNERL
TEiTlEB, LhL, BRESHHTREL, %
TEIH nm OEEOEE % EHITKkD 5 T &8
BETIREV, L5, BEOHEEROHES
57 DEEERETE BAREMESD 5, fAhicL
AR DONEEMOMIEHSNENL T EHPEFESH
felEERS,

EED S NV—T IR I N E TR X BEBIEAEE
#l42 FTHERYE R PO 20 IKEVWYE I
S\ REHE TR Xk 2 MEOEER %
WRELIY: ZORE, EOXHTYEICL-T
R EABREIS N, L) & IREE BEA
BB EEREPIC LI, $nYvalAseT
I3RS & B TFINRE THRE U7t E s &
{—ET 5 LEMRA LI, KETIRIN SO
RN, DS V—TORBEORIENS,
L DR X $EEE RO OB EFBN L
BB ICRXRERONFZERSE LD THEEE
XEREHRICE &0, FEOEROFEEEN -7,

2. RXBEEEEHORESE

R XAGER TR 03— LIl TR (6=
1—n<kl), ¥, k<1 THEDOMRFEEHD
BMThs, LPL, 0 brOEZTELRLES
NS RREV, ThoEEHETRET 5iTid
AIERENZTELL 25, RXBICXT 3K
DIEEMERET 21T I3RETR, RIVRE, £
FHBFINRERE L TRD 3 HEBHV SN 5,
B —HRBRBTO RV LN S, HBETINRE
FEZZRNRTHD CRIBERAETH 50 NV
D& EEFEY, AEERANSBEROSERS
FHOPHREN O ANic e F VTHIET 248N
Hb, EbZThThORFHER->TWVWaH, [FH
CEBHZ D WT R » e AEETHE U7 B e
D= B EIDRIEEREETH 5, ZBD
VERINRE IS &b SEE S IRFEEREAT,
FITIDETRREEIISVWTENRS, fhid 2
BICoVWTREAE (BFEEHO—BM) T

TiLT T &iLT B,

21 stk
REHEE—OICE » THEBEEAHER— 12
TRV, BRI, REREAEL TRET B
BRDE I RHEBEZ SN D, ThEhORE
BRATTXd B Fresnel ERER Rs & Rp (36%
En, kEARA 6 OBMTH S, R-T, &
HHEETn & R EFRHICRET ICIFHEER
T 2 EORIEEITIEV, ZORREEFHEA%.
R EFETHET I LV, R (BXHET), %
723k Re/Rp 2 "> DARA 6 THIS &,
—2D § TR E R ZRB R EBZOHITH 3
35, i REBDEOAES ORIE (RILAET)
bEVNITTRER A BT ICHZ 539, R
RXBRERE CORMERBIEER VS T LTS
DT, WTFhhDREEM - THIET 5 T L8
EHTH S, TRZHODAFAR T TAET WL
EahEnd &, HTREV, £OTXIdEK
DREMETHY, REEEZHVARIEANL LN
BWEMTH b, AOERLTHEEZERBLTD
ZOREHE 3—RITHKA» S 1 nm BBEIL 5,
ZhRRXBROKE LEEETHD, ZOHER
Bic & 2 REROBDIZR U TRETEIE, -
T, BRERORBEESE STV LoD
AFRAETORIED S n & kERET 5 DIIREHE
Thb, TITEESHRA LD R (RHEX)
-6 (ABA) B5Th B, ThiZWVW2hDA
HATstiotd aREREZAELTRONS
R—o el T, REAMETEERLL
Fresnel f&¥ic & 2 REILRER/NERETH—T
T4vF4 VI LUTRET BHETH 5o

2.2 HEED D DR
T EEmRES NV

Bl1 D&k HICIETrR 7 = ne — ik DER EiC
EEESWKBIFR=mn — ik, BEXdOERE
iR 2 OXBAFA 60 TARLLEED

_3_



Vacuum 6,
ﬁo =1

77T
Ny=n-iky 7/

Film

7

?‘z= Ny= K2
Substrate

Figure 1. Plane parallel slab model. (From Yanagihara

et al. Appl. Opt. 30, 2807 (1991).)
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Figure 2. Schematic of the scalar scattering model.
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Figure 3. Schematic sideview of the reflectance measure-
ment.
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Figure 4. Examples of the soft x-ray reflectance vs angle
of incidence data obtained for the 9.4-nm thick gold film
prepared by IBS. (From Yanagihara et al. Appl. Opt. 30,
2807 (1991).)
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Figure 5. Film-thickness dependence of & =1-n (O:

IBS, @:EB) and k (/\:IBS, A:EB) of very thin gold
films for soft x-rays of E =100eV. The data of Henke et
al. (marked with H) are shown at the right for compari-
son, The terms & and k of BK7 glass (marked with BK7
) determined in this study are also shown at the left.
(From Yanagihara et al. Appl. Opt. 30, 2807 (1991).)
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Table I. Optical constants of the 18.1nm thick rhodium
film for soft x rays. The data of the carbon-coated rho-
dium film are also listed in the parentheses for compari-
son.
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Figure 6. Schematic sideview of the measurements of to-
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gle of incidence. (From Maehara et al. Nucl. Instrum.
Methods B74, 362 (1993).)
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Figure 7. Examples of the total photoelectric yield vs an-
gle of incidence obtained for the 15.3-nm thick platinum
film prepared by IBS. (From Machara et al. Nucl
Instrum. Methods B74, 362 (1993).)
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Figure 8. The terms & = 1 — n (top) and k (bottom)
vs photon energy for the 15.3nm thick platinum film. The
crosses and the circles stand for the data obtained by the
yield and the reflectance method. The data of Henke et
al. are also plotted for comparison. (From Machara et al.
Nucl. Instrum. Methods B74, 362 (1993).)
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Figure 9. Real and imaginary parts of the dielectric func-
tion & for gold. The solid curves are the results of the K-
K analysis of the transmission measurements; the dotted
curves show the error interval. The open circles are the re-
sults of the reflectance method. (From Wolf et al. Appl.
Opt. 33, 2683 (1994).)
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Figure 10. Reflectances for the p (top) and s (bottom)
polarizations vs angle of incidence measured for the rho-
dium film at E = 97eV.

Table II. Optical constants and surface roughnesses of
the rhodium film determined for s and p polarizations at
E = 88 and 97 V.
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