2122
23-24
[Mg]=5
mol% [Zn]=7.5 mol%
T. Volk”
[Zn]=7.5 mol% Zn Nb
1 3 Nb Li
Zn X X
Zn Nb X
7n 26
5. X
1895 Roentgen 0.1A - 10A
1971 EXAFS (Extended X-ray Absorption Fine
Structure) !
(local
atomic Arrangement) (local electronic structure)
X X )7

(Total Cross Section)
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(Photoelectric Absorption) Compton

(Pair Production) X (10° 10°eV)
X
(5.1.1)
(LiNbOs) Nb K
X 24
(H X (X-ray Absorption Near Edge Structure, XANES)
40eV XANES
0-10eV
Fermi-level
Fermi-level
(Multiple Scattering Theory) ( Band
Structure)
(2) X (Extended X-ray Absorption Fine Structure, EXAFS)
40eV 1000eV
( K L ) (
)

(5.12)  (5.1.3)
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Absor ption Coeff. (a.u.)

0.7

0.6
0.5
0.30
0.28
0.26
I 'l I 'l I 'l I 'l
18800 19000 19200 19400 19600 19800
Energy (eV)
5.1.1 LiNbO; Nb
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5. X

X
BL17C Wiggler Si(111)
monochromator, DCM) 4 ~15 KeV

radiation)

(1)

2)

3)

(4) (Extremely high collimation)
)

(6)
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(NSRRC)
(double crystal

(synchrotron



5. 2.1

(5.2.1) X
( Si (111) )
Hutch slit
(hslh
(L)
(15cm 30 cm)
(4x) 1 cm
X
( Keithley, Model 428 )
( Nova, Model N101 VTF )
Counter )
1,
I I, I (Standard Foil)
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hs1v)

BL17Cl1

300 V

0.1

( 3610 Hex






EXAFS XANES

(1) (Transmission Mode)--- Iy
I[ It
[1h'e 1.0

H(E) oc In(1y/1))

I() It Is
sample reference
52.2
(2) (Fluorescence Mode)--- Iy

]f
(Signal-to-Noise Ratio)

W(E) o< (I/1y)

523
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3)

(Electron Yield Mode) ---

Iy
Auger I, Auger
M(E) o< (Z/Iy) Io %
e 4 e
L
52.4
4) X
Auger
O0—0O—=0O O—0 {0
O—C0O O o
l NA—~> hv l
Oo—0 O 0
5.2.5 5.2.6
5. 2. 3
Zn Zn
Lz01 | Lz02 | Lz03 | Lz04 | Lz05 | Lz06 | Lz07 | Lz08 | Lz09 | LZz10
Zn
0 0.8 1.6 3.6 53 6.1 6.9 7.5 8.1 8.3
(mol%)

5.2.1

57




0 mol% 8.3 mol% Nb
X Zn K
X Nb K X

5. BXAFS

5. 3 EXAFS

(5.12)  (5.1.3)

(In phase)
(Out of phase)
X
X
(Extended X-ray Absorption Fine Structure, EXAFS)
X hv
p7
2m
p?
—=hv-E|, (5.3.1)
2m
Ep
=3
( 3eV)
Z X
H'= e‘E‘zcosa)t,a) =2nv
0 . .
(—a) <<l Fermi (Fermi's
c

golden rule) > [t>
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=27 () 532

o) Hamiltonian H'
1 . ot 1 —iot 1 it
coswt=—(e" +e) ¢ 2 ¢
2
e | E | z —iwt
2
du dt:_Wth (5.3.3)
N W
du .2
— = 2moN < [ H]i>] p(f) (5.3.4)
u
_du
u —HU = e M

1 du 1 du 1
U=———=——-—=—WNho (5.3.5)

ude  ucdt uc

Nho 2rx )
=——""|< f|Hn|i>] p(f)
uc h

27| eE - le—’m ?

_ IEV NI< flzli>] p(f) (5.3.6)
-

C
T
47° we’ _
= NI<flz]i>f p(f)
(5.3.6) u
(1) u=|E[ /87 () dx = cdt
(
"passive electrons") > K 1s
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L 2s  2p’ (muffin-tin potential)

(partial wave) [>=t>+| Vs> [fo>
Ho
|Wsc> [t>
u
=0 (K ) p H
F, (k)N
= Zﬂo{H g ~sin[2kR; +6,(k)]} (5.3.7)
J
R J Fi(k)
(backscattering amplitude)  6;(k)
(phase shift)
5. 3 EXAFS
EXAFS
EXAFS Sayer

-3 e o e

(5.3.8)
k (Photoelectron) (m.) (Ey,Threshold
)
2m % .
energy) k= [ hze (E-E, )} N; J
Rj Rj ]
o} (k) (Debye-Waller factor) J
(Root-mean-square) R;

<)

2 .
j U,
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o, (Static disorder) o,

(Thermal vibration)

GZ(T):O'SZ(T)JrGi(T) (5.3.9)
Cs om(7) EXAFS
Debye-Waller Debye-Waller
A A
T
j(k) (Phase shift)
¢ik)=28(k)+yj(k) 8(k) yi(k)
Sq (k) (Overlap factor) (
)
(Adiabatic Approximation)
Se =1 (Sudden Approximation)
Se <1 S;
EXAFS
(1)EXAFS -
(2) Hamiltonian
So
3) (Plane wave)
4) (Single-Scattering) (first-shell peak)

(Multiple-Scattering)
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X
(Local structure) R N of EXAFS
(Relative modulation)  ¥(E)

(5.4.1)
,UO(E)
ﬂ(E) ﬂo(E)
5. 4.1
EXAFS AUTOBK® WebATOMS® FEFF’

FEFFIT®

(Normalized) ¥ (k) (Curve fitting) X (k)

(5.4.1)

5.4.1 EXAFS



5. 4 EXAFS

(1)
glitch
glitch
glitch
(2) (Edge energy)E,
Eo EXAFS
Eo
Eo
(3) Eo (Background subtraction)
K L
(Compton scattering) (Linear
polynomial) Eo ( -200eV -50eV)
(3) Eo (Normalization)
Ho(E)
Ho(E) Ho(E)
(Least-square spline) (knots)
EXAFS Lo(E)
(Step size) A o X (E)
X (&)
2(E) H(E)— 1 (E) (5.42)
Aﬂo (E) . .
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4) x (B X (k)

k EXAFS
EXAFS

=S e F (e g 2kR +6 (k
X( )_ZkRz o () F, (k)e e SIN(2kR; + 6 ,(k)) (5.4.3)
J J

1(k) EXAFS
x()=>x,(k) %k Rj N;
J
Debye-Waller sz (k)
xi(k) Fourier
Fourier
(R) =—— [ w(k)k" 2 (k)™ dk
ool 4 (5.4.4)
27[ kmm
1) k R,
kY 1(k) k
k %K) R;
kW
k W 1 2 3
X k Fi(k) K?
W 3 kmin~ Kmax Teo Lee ?
7>56 57>7>36 7<36 w=l 2 3
X(k) kmin kmax 0 0
Fourier k
k Fourier 0 o
x (30 40eV
) k 3547 1247
Fourier
(5) Fourier
x( k) Fourier r
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x( k) r

5. 4. 3 (fitting method)

1992 Bruce Ravel’ Matt Newville® J. J. Rehr'
Fortran Eo N
R Debye-Waller o’
ATOM FEFF FEFFIT

(1) JCPDS ICSD “
(Space group)
(2)WebATOM( )
(Space group)
WebATOM
(3) FEFF8.20
ATOM FEFF
( )
X (k) FEFF X path
X model(k)

X model (k) = Z X path (k, Amp(k),Phase(k),PathPammeters) (5.4.5)

k  FEFF Amp(k) k Phase(k)
Path Parameters Eo (energy shift) S, (constant amplitude factor) A4
R o * (Debye-Waller factor)

(4) FEFFIT
FEFF Amp(k)  Phase(k)
FEFFIT
(nonlinear least square method)

(Local structure)
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ATOM

Li Nb
(A) (A)

Li 0.00000 0 | Nb 0.00000 0
2.06028 1 | O 184407 1
2.06028 2 | O 1.84407 2
2.06028 3 | O 1.84407 3
2.25610 4 | O 218013 4
2.25610 5 | O 218013 5
2.25610 6 | O 218013 6
3.08104 7 | Li 3.08267 7
3.08104 8 | Li 3.08267 8
3.08104 9 | Li 3.08267 9
311938 10 | Li 311963 10
328587 11 |Li 333240 11
328587 12 | Li 333240 12
328587 13 | Li 333240 13
333085 14 | O 3.60514 14
333085 15 | O 3.60514 15
333085 16 | O 3.60514 16

O 343382 17 | O 367095 17

O 343382 18 | O 367095 18

O 367095 19
Nb 3.76679 20
Nb 3.76679 21
Nb 3.76679 22
Nb 3.76679 23
Nb 3.76679 24



5. 5 EXAFS

1) Zn K-edge X
( g
(5.5.1) Zn Zn K
X /n K
Ey=9662.18¢eV

[Zn]
mol.%
0.8

1.6
3.6
5.3
6.2
6.9
7.5
8.1

i J 8.3

Normalization Absorption Coeffiecient (a.u.)

L\

-200 0 200 400 600
Relative Energy (eV)

5.5.1 Zn K-edge X

Autobk k=35 105A"
Kweigh=3 EXAFS Zn
(5.52)  (5.5.3) 1.5A
Zn 12
27A 34A Nb

EXAFS Li Li
13-15
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k' (k)

kmin=3.5 kmax=10.5 kweight=3

552k X

Fourier Transform (a.u.) + offset

[Zn]
mol.%

T
o
w

5.53R X
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(554)  (55.5) Zn 0.8 mol%

0.08

I [Zn]=0.8 mol.%
0.06

0.04
0.02 }

0.00

Kx(K)

-0.02

-0.04

-0.06

-0.08 L—! - ' : ' : '
4 6 8 10

554k X

[Zn]=0.8 mol.%

FT Magnitude (a.u.)

5.55R X
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(5.5.1)

[Zn]
(mol%)
0.8
1.6
3.6
5.3
6.1
6.9
7.5
8.1
8.3

[Zn]
(mol%)
0.8
1.6
3.6
5.3
6.1
6.9
7.5
8.1
8.3

(2) Nb

7Zn
Zn-0 Zn-0O Zn-Nb
1.928 2.021
1.901 1.991
1.895 1.972
1.899 1.985
1.878 1.954
1.885 1.964
1.883 1.961
1.881 1.958
1.885 1.961
5.5.17Zn

Zn-0 Zn-0O Zn-Nb

3.0 3.1

3.1 33

3.0 3.8

3.1 4.4

3.0 3.9

3.0 3.7

3.1 3.9

2.9 34

3.1 3.5

5.527n
K-edge X

(coordination number)

3.029
3.016
3.013
3.031
3.025
3.040
3.023
3.040
3.034

3.0
3.1
3.1
33
2.9
3.2
3.2
3.2
33
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Zn-Nb

3.170
3.160
3.155
3.158
3.177
3.185
3.183
3.175
3.183

Zn-Nb

1.0
0.9
1.1
1.1
1.1
1.1
1.1
1.0
1.1

(A)

Zn-O

3.183
3.176
3.186
3.175
3.177
3.173
3.176
3.170
3.174

Zn-O

3.5
4.0
4.7
4.8
4.1
4.8
4.5
4.2
4.0

+0.01 A

Zn-Nb

3.558
3.545
3.538
3.536
3.532
3.534
3.536
3.541
3.540

Zn-Nb

3.0
3.1
3.2
3.0
3.5
3.2
3.5
3.0
2.9

(5.5.2)

Zn-O

3.601
3.582
3.582
3.571
3.572
3.573
3.580
3.590
3.589

Zn-0O

2.9
2.9
3.1
2.2
3.0
3.1
2.9
2.9
2.7



(5.5.6) Nb K-edge X

Nb K

Eo=18996.4eV 0
= [Zn]
o mol.%
5 0
NS 0.8
T 16
o .
O - 3.6
c 53
© 1
*é_ 6.1
§ . g.g
= .
8 _ 8.1
N 8.3
I
£
(@)
Z

Il L l L l L l L

-200 0 200 400 600 800
Relative Energy (eV)
5.5.6 Nb K-edge X
Autobk k=5 12A’
kweight=2 EXAFS Nb
(5.57)  (55.8) 1.5A
Nb
33A Nb 16 EXAFS

Li Li 15
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kmin=5 kmax=12 kweight=2

v

Kx(K)

[Zn]
mol.%

0.8
1.6
3.6

5.3
6.1
6.9
7.5
8.1
8.3

FT Magnitude (a.u.)
o
oo

=
~

0.0

(5.5.9)

10 11 12

55.7k X

kmin=5 kmax=12 kweight=2

[Zn]
mol.%

558R X
(5.5.10)
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12

10

k(A™Y)

559k

Congruent LiNbO,

0.8

o o

(‘n-e) spnuubep 14

R(A)

5.5.10R
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(553) Nb (A) +0.01 A

(5.54) (coordination number)
[Zn]
Nb-O Nb-O Nb-O Nb-O Nb-Nb
(mol%)

0 1.891 2.188 3.707 3.639 3.763
0.8 1.891 2.202 3.720 3.643 3.763
1.6 1.848 2.138 3.673 3.632 3.732
3.6 1.886 2.153 3.512 3.626 3.713
53 1.873 2.149 3.512 3.627 3.717
6.1 1.883 2.156 3.496 3.629 3.708
6.9 1.868 2.137 3.472 3.620 3.701
7.5 1.896 2.177 3.501 3.616 3.703
8.1 1.976 2.281 3.550 3.660 3.705
8.3 1.977 2.270 3.548 3.663 3.704

5.5.3Nb
[Zn]
Nb-O Nb-O Nb-O Nb-O Nb-Nb
(mol%)

0 3.0 2.9 3.5 3.2 6.0
0.8 2.8 2.8 3.1 3.2 6.0
1.6 3.1 34 33 3.5 5.9
3.6 2.9 2.9 34 3.9 54
53 2.7 2.9 34 34 5.8
6.1 2.8 2.9 34 3.1 5.9
6.9 3.0 3.1 3.1 3.0 6.0
7.5 2.6 3.0 33 33 6.0
8.1 2.5 2.2 4.1 4.4 6.4
8.3 2.5 24 4.1 4.5 6.4

5.5.4Nb
3)
(a) X Eo
Eo
Eo MnO MnO,
Mn K-edge 8eV Eo
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Zn Zn K-edge
X Ey 9662.18eV Zn
/n0 X 8 7n K-edge Ep
9663eV Zn +2 Zn
(b) Zn Li Nb
Zn 5.3mol% Zn K-edge Nb
K-edge XAFS
[Zn]=5.3mol.%
8 ' Zn K-edge
-
s :
[<B) 4+ |
o
3 I
= |
=2 I
©
= 9 _
£ Li
@) |
® | !
< Nb Nb-O Nb-Nb Nb-Nb
= : : Nb K-edge
Q
3 04Ff
I
0.0 L L
0 1 4 ) 6 7 8
R(A)
5.5.11 Zn K-edge  Nb K-edge
1.5A Li
Nb Li-O 2.1A Nb-O 2.0A
O Zn Li Nb
Nb

/n

27 A 34 A
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Nb Nb 33A
Zn Nb
Zn Li Nb
9200 2.1
A 4 Nb 30A 3 Nb 338 A Nb
Nb 20 A Li
Nb 3.76 A 6 Zn K-edge EXAFS
Zn 1.9A 4 Nb
Zn 31A 3 Nb Zn 35 A
7n Li Nb
(c) Zn 0.8 mol% 8.3 mol% Zn
Zn Zn
Li
Nb K-edge EXAFS
Nb 6 Zn
Zn Nb Nb
(d)
Zn
702t
Mg 16
Zn (Zn"™) Li (Li™") Zn™
Zn-0 Zn"
Nb-O Zn
Zn 0.8 mol% 8.3 mol% Zn
1.928A 1.885A  Nb 1.891A

1.977A
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5. 5 XANES

/n

(1) Zn

Zn Nb

XANES

(normalized to unity)

K

14

Normalized Absorption Coefficient

[Zn]=0.8 mol.%

[Zn]=3.6 ~ 8.3 mol.%

1.6 mol.%

0.01

20
Relative Energy (eV)

5.5.12 Zn K-edge

Normalized Absorption Coefficient

[Zn]=0.8 mol.%

[Zn]=1.6 mol.%

16

18

20

22

24 26 28 30
Relative Energy (eV)
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32

34

36

38



(2) Nb

1.5

[Zn]=0~1.6 mol.%

Normalized Absorption Coefficient

00 2 1 2 1 2 1 2 1 2 1 T

-20 -10 0 10 20 301 40
Relative Energy (eV) I

5.5.13 Nb K-edge d

[Zn]=1.6 mol.%
/

15

//

o ———

/

B

7777

\
[Zn]=7.5m0l.%

Normalized Absorption Coefficient+offset

=
SO

4 8 12 16 20 24 28
Relative Energy (eV)
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€)

(a) 5.5.12 5.5.13
Zn Nb
5.5.12
Li
Li
/n

(b) Zn  XANES

/n

0 mol% [Zn]

/n

/n

5.5.13 Zn
Zn
Zn
Nb Nb
Zn Nb

[Zn]=1.6 mol% Nb
[Zn]=1.6 mol% [Zn]=7.5 mol%

XANES

Nb
1.6 mol% 1.6 mol% [Zn] 7.5 mol% 7.5 mol%
23-25
Zn
Zn Nb
Nb
Nb Nb

/n
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5. 6
(1) LiNbOs3:Zn  Zn K-edge X
ZnO  Zn K-edge X E
Zn +2
(2) Zn K-edge  Nb K-edge
Zn Li
Zn 0.8 mol% 8.3 mol%
(3) Zn*" Li
Zn 0.8 mol%
1.928A 1.885A Nb
1.977A
4) Zn Nb  XANES Zn
Zn Nb
[Zn]=1.6 mol% [Zn]=7.5 mol%
EXAFS  XANES
Zn 7/n

80

Eo 9662.18¢V
9663 eV
Zn
EXAFS 7/n
/n
/n
Zn** Li
8.3 mol% Zn-0
1.891A
/n
Nb
2325
Nb



5. 7

[1] D. E.Sayers, E.A.Sterm and F.W.Lytle, Phys. Rev. Lett. 27, 1024 (1971)
[2] D. C. Koningsberger, and R. Prins., X-ray absorption: principles, applications,
techniques of EXAFS, SEXAFS, and XANES, 53-83 (1988).
3] B. K. Teo, EXAFS: Basic Principles and Data Analysis, 21-101 (1986).
4] X (1994)
5] Matthew Newville , AUTOBK , University of Washington (1995)
6] http://millenia.cars.aps.anl.gov/cgi-bin/atoms/atoms.cgi
] B. Ravel , and J.J. Rehr , FEFF8.20 , University of Washington (2002)
] Matthew Newville , FEFFIT , University of Chicage (1998)
9] B. K. Teo, EXAFS Basic Principles and Data Analysis, (Springer-Verlag, 1986)
10] J.J.Rehr, J.Mustre de Leon, S.I.Zabinsky, R.C.Albers, J.Am.Chem.Soc, 113 5135
(1991)
[11] http://saturn.nchc.gov.tw:9091/cds/index.html
[12] C. Zaldo, C. Prieto, H. Dexpert, and P. Fesslert, J. Phys: Condens. Matter 3 4135
(1991)
[13] C. Prieto, C. Zaldo, P. Fessler, H. Dexpert, Phys. Rev. B 43 2594 (1991)
[14] C. Prieto, Optical Materials 12 135 (1999)
[15] Boon Keng Teo, and P. A. Lee, J.Am.Chem.Soc 79 2815 (1979)
[
[

[
[
[
[
[7
(8
[
[

16] C. Prieto and C. Zaldo, J. Phys: Condens. Matter 6 L677 (1994)

17] Wang Qi-wu and J. Wong, Proc. Int. Conf. JEXAFS and Near Edge Structure 1117,
16-20 July, pg 202, Ed. K. O. Hodgson, B. Hedman and J. E. Penner-Ha, Springer
Verlag, Berlin, 1984

[18] F. Decremps, F. Datchi, A. M. Saitta, and A. Polian, Phys. Rev. B 68 10401 (2003)

[19] R. S. Weis and T. K. Gaylord, Appl. Phys. A7 191 (1985)

[20] S. C. Abrahams, H. J. Levinstein, and J. M. Reddy, J. Phys. Chem. Solids 27 1019
(1966)

21] N. Iy1, K. Kitamura, Y. Yajima, and S. Kimura, J. Solid State Chem. 118 148 (1995)

22] H. Donnerberg, J. Solid State Chem. 123 208 (1996)

23] X. H. Zhen, L. C. Zhao, Y. H. Xu, Appl. Phys. B 76 655 (2003)

24] Chih Ta Chia, May Lan Sun, Ming Li Hu, Jpn. J. Appl. Phys. Vol. 42 6234 (2003)

25] T. Volk, B. Maximov, S. Sulyanov, and N. Rubinina, Optical Materials 23 229 (2003)

[
[
[
[
[
[26] C. T. Chia, C. C. Lee, and B. J. Chang ( in preparing)

81



82



	5.1 X 光吸收譜介紹
	5.2 X 光吸收譜實驗設置及方法
	5.3 EXAFS 理論基礎及公式
	5.4 光譜數據處理與分析分法
	5.5 實驗結果與分析
	5.6 結論
	5.7 參考資料

