LEEXBRZAVW R EHTRIEEVDORESHTEDRE (3)

ZEBEH@ER) Zmist kR R

CNETIZ, NIZDLH), ZVAIL (Ta) REAVT AT W RE, BFTNAADFHTEELZREEZRLTNDS
FORHMTRESUEREZBRDILEHEESENFRELT SEERFLMERIAXBA AN ERATHSILETRL
TEED, 50, EBDOTHRELEATEELGER TR (B)ICEL, LRI - FEAX D FITIHIREBLITOARERLT -2,

EXYRERBEBILMEDLLEIZFHUVT, Bi-L3 XANES,

CoE

" e L540°F | edge —— Bi metal

Bi-L1 XANES#IZ, A REEEZRMT DLITENILER . [ N Bi,O,
BNt otz, — AT, Bi-L1RUINSHE & 0 B X4 TH 5.
BLIZEZITBONEAXBRRIMLIZENT, RIS % '
RY K312, Bi-L3RUIH DB BEL ISR IS T HE—oh 8 (ool

< |
B L cHE B BRI SNt BILBISHELTOH e L

z Fhe
MA—LIBRRICXIG T HELEMNFEBDHONT=, XANES|Z ool

13.3 134 135 13.6 13.7 13.8 13.9

EVWHAIENGWRERELT, BIRIHD B AIBDEZEMN Photon Energy (keV)

2503, —74, L3RRGO HEMEEEE—>4LIM4  Fig. Bi-Lb fluorescence spectra of Bi & Bi,O, excited at 16.4 keV.
BRBREBIAE OO THRESAZIOTHY, SEE

TSt S EIAR B X IR S AN E 6 HA TR DIE A IREEMTIC

BRATRRETHAHIEEZRLTLNSEEZ LN D,
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BFT/N\MRADHICEITH5EAMMIEDLEY:

LSI: high-k / low-k thin films, MRAM, PRAM, - --

MEMS, Opto-electronic devices, Magnetic storage materials,

-

TMHTE~NDEEDSFYEEEIL:
HBEE nmA—4 —0OMuNEE, £@E, -
JEMIET, BRI — WETHEDOHE !
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Previous studies Chamses

« Hf, Ta U W [ZBIL, L, RUIHXANESIE, L, RIRIFEDZFNIZLERT,
BEZAREAYDEEREISHUEBEICEILT S5, ChiITxL, PbTIEL,
RURiHD 7 S IREICERTH S,

THf - LBS/LPy SRR LE: HfOX < HfSiOxX
-Compton&RELERE HfOx < HfSiOx
“Hf - Ly,/Ly; 5REEEE: HfOx > HfSiOx
-Compton&RELERE W > WC (~ WO,)
"W - Ly, / Ly, 5B Lk: W < WO, < WC

SRMEEVDLE S IARIRILIZELT, Ly Thomson BRELERA 58<ER N5,
COBRRIE, Hf, Ta, WTIERSNELY,

J. Electron Spectroscopy & Related Phenomena 148, 74 (2005).
Adv. in X-ray Chem. Anal., Japan, 38, 99 (2007).
ICXOM2007, P084 (2007).
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Ly

L, absorption edge

-XANES vs. L,-XANES

Previous studies
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Objectives e

EXVX(Bi): B BFHHTCEELTE
Peltier device, varistor, superconductor ceramics, - --

LD DIEEMIRENTFEEL, BT LEIREBREITAE S THL
Hf, Ta, W, PbtRERILKEHIERTERHITRZDND1DOTHS

1 &

How the L series absorptions and emissions

change with its chemical state for lead?
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‘Bi £F: SHIE (99%)HIFZ LML TO.1mm[ERIZ A2
- 0-Bi, 0, Sl (99.9%)HAFELENLYMRIZEE, (XRDTHESRAIEHESE

=EER: @SPring-8 BL16XU (Sunbeam-XU)
*SPring-81Z#EA(T DTl —4
-Si(111) 2#Em7 e
-Rh O—F35—(2 kDB XRIEFRE (0=3 mrad)
GHIE: REASHBERAXESTEEIZLD
AGHHE=42: 17cm EREFE (N,100% flow)
sJtss: RIGAKU 3100 # (ff&s = LiF(220), #&Hi=% = Nal)
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Experimental setup Chensss

Fluorescence Method
Wave-dispersive spectrometer
Incidence Angle of x-ray = 0.6°

Fluorescence x—ray
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B| L,-XANES vs. L;-XANES ~ “moefref

10 | 10}
c
% 08 | 5 0.8 |-
S =
n (@)
< o6f 2 06
= <
Q ks
N -
T o4l -(% 0.4 —— Bi metal
% S gl rgetal £ — Bi,O,

— bl © 0.2
23 .
< 0.2 - <
00 L L L 1 L L L 1 L L L 1 L L L 1 L L L
0.0 L1 T S R T 16.36 16.38 16.40 16.42 16.44 16.46
13.40 13.42 13.44 13.46 13.48 Photon Energy (keV)
Photon Energy (keV)
L, edges L, edges

The L, edge shits to higher energy for Bi,O;, compared with the metal,
while the spectrum feature does not show clear difference.

Neither L, absorption nor L, absorption seems to be useful for
material characterization.
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BiI-L emissions

Normalized XRF Intensity
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@ 13.46 keV
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Tabulated Bi-L3 emissions

Related Level | Energy (eV, calc.)
M, — L, 12691 (LB,)
M, = L, 13023 (LB,)
M, = L, 13210 (LB,)
N, — L, 12980 (LB,)
M, = L, 13699
M, — L, 13806

Normalized XRF Intensity

Normalized XRF Intensity

Changes for the Better

Lﬁl — Bi metal
0.020 | —Bi,0,
0.015 |
0.010 |
0.005 |
0.000 '
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Photon Energy (keV)
3
ta10 L edge (?) —— Bi metal
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0.0 I N 1 1 1 1 1

13.3
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Photon Energy (keV)

@ 16.42 keV
(just above L, edge)

134
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0.005 Thomson

—— Bi metal
e BI203

0.004

Ly,(LoNy) A

-

16.4 16.6
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0.002

Compton

Normalized XRF Intensity

0.001 |

B A R Ll
154

156 158 16.0 16.2
Photon Energy (keV)

15.2

@ 16.39 keV

Normalized XRF Intensity

Changes for the Better

0.005

—— Bi metal Thoinnson
0.004 Bi,O, C )
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LY1(|—2N4) H
0.002
Compton
L1N3 p

0.001 L,N, \‘z%
0.000 P T R L

15.2

15.4

156 158 16.0 16.2 164

Photon Energy (keV)

16.6

@ 16.42 keV

We should have used higher excitation energy, however, Bi-Ly, (L;N,) / Ly,

(L,N;) emission are too vague to use for material characterization.
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XANES features:

Hf, Ta and W have vacancies in 5d states, while those of Pb and Bi are fully
occupied. The main features we observe are shape resonance due to its atomic
configuration, however, the inside electron configuration may have influence on
the sensitivity of L, (2s) / L; (2p) absorption edge.

Another point of view is that the calculated natural width of L, level increases
abruptly between W and "*Re. Details of L, absorption edges for Pb & Bi may
become unclear due to those natural broadenings.

Electron configuration of Hf, Ta, W, Pb, and Bi Natural width of L levels in eV for
the several 6! periods element.*
Hf: [ Xe ] 4f14 5d2 632 Level
Ta: [ Xe]4f14 5d3 6s2 Ly L, Ls
W: [ Xe ] 4f14 5d4 6s2 Hf 5.63 5.02 4.80
Ta 5.58 5.15 4.88
Pb: [ Xe]4f*5d™ 6s? 6p? W 561] 533| 498
Bi: [ Xe] 4f14 5410 gg2 6p3 Pb 12.20 6.48 5.81
Bi 12.40 6.67 5.98

* M. O. Klause, J. H. Oliver; J. Phys. Chem. Ref. Data,
8(2), 329 (1979)
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Dlscussmns (2) e

L, and L, Thomson scattering peaks in the spectra:

L3 I‘2
Hf M (9561 eV) N (10739 eV)
Ta M (9881 eV) N (11139 eV)
W M (10207 eV) N (11544 eV)

Pb C (13035 eV) M? (15200 eV)
Bi C (13419 eV) M? (15711 eV)
(C: clear, M: mean, N: none)

L, absorption edge of Pb and Bi lies below the emission of L,M,, while those
of Hf, Ta and W lie between L,M, and L, M, which may be the reason of the
difference in the intensities of L; Thomson.
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Conclusmns i

ERAR AL, Hf, Ta, W, Pb&ERY, L; XANES, L; XANES #
12, BEAITRAYDREEIREITH T DR HAERILE RS,

ERATRERBE LV ZTDEIAEYMDLENLRARIRILIZENTIL,
L, Thomson #ELIENIREN, BOEREERIEYMTEDARIE

)bﬁ/'{kh\if&%) ;O)“ﬁ/'lk%”(i ﬁ*% ﬁﬂ:&%l’h\mu &)b;haf'fl\
THLEROHLNT, CNFTHANLTRRDPTIEHEMNTH S,

- “zvxﬁ%t%‘éli, SETIHEOLNAOLM,BERED .
\ Gt &)b;haf:o
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