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18 (MB) (RAM) XANES
( 100 60 MB
200 170 MB
) B
F
FAQ ( ) FEFF Web (URL
)
FEFFS8
(Office of Technical Transfer) ( )
A
FEFF Project WWW URL.:

http://leonardo.phys.washington.edu/FEFF/

(FEFF @phys.washington.edu)

FEFF FEFF
C FEFF8 Real Space Multiple
Scattering Calculation and Interpretation of X-ray Absorption Near Edge Structure, A. L. Ankudinov, B.
Ravel, J. J. Rehr, and S. D. Conradson, Phys. Rev. B58, 7565 (1998) FEFF8.20
A. L. Ankudinov C. E. Bouldin, J. J. Rehr J. Sims, and H. Hung, Phys. Rev. B65,

104107 (2002)
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2
FEFF (“feff.inp’)
Bruce Ravel FORTRAN (ATOMS)
feff.inp Perl
ATOMS GUI ( ) ATOMS
WWw
http://feff.inp.washington.edu/~ravel/atoms/
“feff.inp> FEFF 4
FEFF8 5 7
XANES 21
FEFF8 ( ) FEFF5
7
‘feff.inp’
[
POTENTIALS
(
) (Fortran 77 ( ) )
FEFF
eV ( ) *)
‘feff.inp’ 6
1. (Mattheiss) SC
( POT
potentials)
2. X (LDOS)
( XSPH cross-section and phases)
3. XANES ( FMS full
multiple scattering)
4. ( PATHS)
5. Jofr XAFS (
GENFMT general-path F-matrix calculation)
6. XAFS XAFS XANES

( FF2CHI scattering amplitude to chi)


http://feff.inp.washington.edu/~ravel/atoms/

FEFF8 )
“feff.inp’
2.1 FEFF
‘feff.inp’ 3 (standard) (
) (useful) ( ) (advanced)
( ) ‘feff.inp’
3
MOAUIE 0. oo RDINP
Standard ATOMS CONTROL PRINT TITLE
Useful END RMULTIPLIER
Advanced CFAVERAGE OVERLAP
Module 1. ..o POT
Standard POTENTIALS AFOLP S02
Useful EXCHANGE NOHOLE RGRID SCF UNFREEZEF
Advanced FOLP INTERSITIAL ION SPIN
MOAUIE 2. o XSPH
LDOS
Standard EXAFS XANES EDGE HOLE
Useful ELLIPTICITY POLARIAZATION MULTIPOLE LDOS
Advanced : RPHASES DANES FPRIME XES XNCD
Module 3. ... FMS
XAS
Standard FMS
Useful DEBYE
Advanced
ModUle 4. ..o PATHS
Standard RPATH
Useful NLEG
Advanced : PCRITERIA  SS
MOAUIE 5. o GENFMT

Standard
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Useful CRITERIA
Advanced IORDER NSTAR
IMOAUIE 6.t FF2CHI
Standard DEBYE
Useful CORRECTIONS  SIG2
Advanced
¢
Standard Useful Advanced
* brief description of the example * ( )

CARD  argument list
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2.2
FEFF
ATOMS
OVERLAP )
CONTROL FEFF
PRINT
¢ ATOMS
ATOMS (A )
(ipot) POTENTIAL FEFF Bruce Ravel
ATOMS ATOMS
ATOMS
ATOMS
* X y z ipot SF6 molecule
0.0 0.0 0.0 0 S K-shell hole
1.56  0.00 0.00 1 F 1st shell atoms
0.00 1.56 0.00 1
0.00 0.00 1.56 1
-1.56  0.00 0.00 1
0.00 -1.56 0.00 1
0.00 0.00 -1.56 1
¢ CONTROL ipot ixsph ifms ipaths igenfmt iff2chi
CONTROL 1
1
CONTROL 111001
CONTROL 111111 6
* 1

*

CONTROL 1 1

* 2
* paths genfmt

*

1

0 0 O

ff2chi ; pot

fms

xsph  fms

ipot ixsph ifms ipaths igenfmt iff2chi
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*

CONTROL 0 0 O 1 1 1 ipotixsph ifms ipaths igenfmt iff2chi
¢ PRINT ppot pxsph pfms ppaths pgenfmt pff2chi Standard
PRINT
*crit.dat  feffNNNN.dat
PRINT 0 0 0 1 O 3
Table 2 1

+TITLE title line Standard

10 75
TITLE Andradite (Novak and Gibbs, Am. Mineral 56, 791 1971)
TITLE K-shell 300K
+ END Useful
END FEFF *feff.inp’ END

END

END ignore any lines in feff.inp that follow this card

(END ”ignore any lines in feff.inp that follow this card” )
¢ RMULTIPLIER rmult Useful
rmult
1
rmult=1
* 1%

RMULTIPLIER 1.01

¢ CFAVERAGE iphabs nabs rclabs advanced
CFAVERAGE

transferability) EXAFS XANES

(phase shift
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CFAVERAGE
iphabs
)

nabs

“feff.inp’

CFAVERAGE
iph=0
rclabs
“feff.inp’
rclabs 1,000
1,000

iphabs =0 nabs=1 rclabs=0 (rclabs=0

rclabs 0O

*average over all atoms with iph=2 in feff.inp with less than 1000 atoms

( 1000 feff.inp

)
CFAVERAGE 2 0 0

¢ OVERLAP iph

OVERLAP
ATOMS
ATOMS OVERLAP
(iph)
OVERLAP
1 XAFS
OVERLAP

( )

(idwopt > 0) DEBYE
(
iphabs
‘feff.inp”  iph = 0
iph = iphabs
iphabs
100,000
2
advanced
OVERLAP
FEFF8 OVERLAP
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OVERLAP FMS SCF
SS (2.6 )
1

* ] (
OVERLAP 0 determine overlap for central atom of Cu ( )
*iphovr novr rovr ( ipot )

1 12 2.55266
OVERLAP 1 determine approximate overlap for 1* shell atoms

( )

* ijphovr novr rovr

0 12 2.55266
* 2

(Cu )
OVERLAP 3
0 1 2.55266 ipot number in shell, distance ( )

1 4 255266
2 7 255266
2 6 3.61000
2 24 442133
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module

print levels

pot

xsph

fms

paths

genfmt

ff2chi

0 ‘pot.bin’ ‘logl.dat’
1 ‘misc.dat’

2 ‘pot.dat’

3 “fpf0.dat’

5 ‘atomNN.dat’

O‘phase.bin’ ‘xsect.bin’ ‘log2.dat’ LDOS
‘ldosNN.dat” ‘logdos.dat’

1 ‘psisqNN.dat’ ‘aXAFS.dat’

2 ‘phase.dat’ ‘phmin.dat’

3 ‘ratio.dat” XMCD

0‘fms.bin’

O‘paths.dat’

1 “crit.dat'

3 “fbeta’ ( vl )

5 ‘crit.dat’ “paths.dat’ (

)

O‘list.dat’ ‘feff.bin’ 2/3
1 “feff.bin’

O‘chi.dat’ ‘xmu.dat’
1 ‘sig2.dat> Debye-Waller
2 ‘chiNNNN.dat’ ( (%))

‘ffffNNNN.dat’ (Matt Newville  FEFFIT )
‘chiNNNN.dat’

2.3 POT

Dirac-Fock

(Mattheiss ) Hedin-Lundqvist/Quinn
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(AFOLP
Mattheiss
XAFS
(1eV ) (
Mattheiss (
“Interstitial )
( )
) 22
( )
1 (
¢+ AFOLP folpx
( folpx=1.15)
1.3 FOLP
AFOLP 1.0

* touching muffin-tins; do not use automatic overlapping (

)
AFOLP 1.0

¢ EDGE  label 502
EDGE HOLE
( ) ‘NO’ ...
M
HOLE
HOLE
S 0.1 So”

Norman

) FEFF8

SCF

) FEFF7

OVERLAP

Standard

Standard

L1 .. Ly

EDGE

1.0
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* L1-shell core hole So° =1
EDGE L1 1.0

¢ HOLE ihole s02 Standard
HOLE hole () Sy So? 0.1 So?
Sy’ 0.8 1.0 HOLE
jhole=1(K ) So*° 1 (ihole) 22

FEFF

ihole > 4 ( Yen) FEFF
YChZO-l eV

EXCHANGE (7%, =0.1+2"vi0)

* K-shell core hole  S02 estimated by overlap integrals
HOLE 1 0.0

¢POTENTIALS Standard

POTENTIALS
ipot

*ipot Z [tag Imaxl Imax2  xnatph]

ipot Z tag

"paths.dat’ Imax1 Imax2
SCF (XSPH) (FMS)

Imax1 Imax2 ( Imax1= -1) FEFF

Imax (atomic) xnatph
Fermi
xnatph = 0.01 ( )
0
0 ( ipot 3
ipot 1 2 )

(ipot)
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XAS

Cu
(ipot = 1)

* molecular SF6 Sulfur K edge lamx1=default Imax2=3 (spdf basis)

POTENTIALS
* ipot Z tag Imax1 Imax2
0 16 S -1 3 1

1 9 F -1 3 6
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2.2:

index edge index egde index egde index egde

0 NO 7 M3 14 N5 21 05

1 K 8 M4 15 N6 22 06

2 L1 9 M5 16 N7 23 o7

3 L2 10 N1 17 (0] 24 P1

4 L3 11 N2 18 02 25 P2

5 M1 12 N3 19 03 26 P3

6 M2 13 N4 20 04

edge EDGE 0 NO NOHOLE
#S02  s02 Standard
S02 So? s> 0.1 So’
So’ 08 1.0
So’ HOLE EDGE S02
*feff.inp’
* FEFF S02
S02 0.0
¢FOLP ipot folp Useful
FOLP
AFOLP ( =1.15) FOLP (
AXAFS (atomic XAFS) )
1 1.3 0.8 FOLP
AFLOP

* +20% overlap of muffin tin with unique potential 1 (

20% )

* -20% overlap of muffin tin with unique potential 2 (
20% )

FOLP 1 12 ! adjust overlap to fit AXAFS

FOLP 2 0.8 !'use 0.8 for hydrogen
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¢EXCHANGE ixc vr0 vi0 [ixc0] Useful
EXCHANGE
ixc XAFS
ixc0
vr0 vi0
FEFF leV
(2.8 CORRECTIONS (

) vi0 vr0 )

Hedin-Lundqvist
(ixc=5)
vi0 Dirac-Hara
SCF ( 3eV)
EXCHANGE : ixc=0 (Hedin-Lundqvist) vr0=0.0 vi0=0.0.XANES
(ixc0=0) EXAFS
Hedin-Lundqvist (ixc0=0)
0 Hedin-Lundqvist
1 Dirac-Hara
2
3 Dirac-Hara HL
5 Dirac-Fock ( ) HL ( )
*Hedin-Lundqvist -2eV edge shift and 1eV expt broadening (Hedin-Lundqvist -2eV
leV )
EXCHANGE 0 2. 1.
*Dirac-Hara exchange -3 eV edge shift and 5 eV optical potential (Dirac-Hara
-3eV S5eV )
EXCHANGE 1 3. 5.
+NOHOLE Useful
XAS
( )
HOLE NOHOLE
FEFF dDOS
Ly Ly NOHOLE

XANES
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4RGRID delta Useful

r(i) = exp(-8.8 + (i-1) "delta)

delta = 0.05
( )
delta 0.03 0.01 delta
( 1/delta ) ( )
RGRID 0.03 !
¢SCF  rfmsl [ Ifms] nsemt ca nmix] Useful
FEFF rfmsl
(
Ifmsl=0 nsemt=30 ca=0.2
rfmsl
rfmsl 30 FMS
rfms 2
Ifmsl
0 rfmsl1
1
Ifmsl =1
nscmt
nscmt =0
1
LDOS
0 1 nsmt

10
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ca
FEFF Broyden (
) ca
1 0.2
1
Prext = €A * Preyy T(1- ca)* po ca=1.0

nmix

nmix  Broyden

- SCF Pu
ca = 0.05
10 Broyden SCF
* Automated FMS SCF potentials for a molecule of radius 3.1 Angstroms ( 31
SCF )
SCF 3.1 1
* To reach SCF for f-elements and UNFREEZEF we sometimes had to use ( f SCF
UBFREEZEF )
SCF 3.7 0 30 0.05 10
¢UNFREEZEF Useful
f SCF
FEFFS8.2
f-DOS FEFF8.00 8.10 UNFREEZEF

*f SCF
UNFREEZEF
¢INTERSTITIAL inters vtot Advanced

( ) INTERSTITIAL

inters = ipot + 2*irav + 6*irmt ipot = 1 "feff.inp’

ipot

irav  irmt

: ipot = 0 ( ) *feff.inp’
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ipot=1
irav
0( ) V_int

rav=r_nrm 1 rav = (r_mt+r_nrm) /2 2 rav=r mt
Irmt

0: Norman ( ) 1:

( )

vtot

vtot  ratmin’ (vtot = (volume per atom) / ratmin® )

ratmin *feff.inp’

( ) Vtot<0
Norman
totalvolume = nat *( viot * rat min’) nat
vtot=1.0  NaCl INTERSTITIAL (

ZnS )
* ZnS
* vtot = (unit_cell_volume / nuMBer of atoms_in_unit_cell) / ratmin**3) = 1.54
INTERSTITIAL 0 1.54
¢ION ipot ionization Advanced
ION ipot

2 -1 SCF
ionization 5 10
ION
( ) Br,
1
( )
ION

*  Simulates effective ionization for formal valence state +1 ( +1

)



FEFF8 ( )

* ipot ionization

ION 1 02
¢ SPIN  ispin[x y z] Advance
xy 2) (ispin)
ispin = 0
ispin=1 ispin=-1 XMCD ispin=2 ispin=-2 LDOS
SPXAS
4.4

2.4 XSPH:

(alpha form)

/-
¢ELLIPTICITY ellipticity x y z Useful
POLARIZATION ellipticity
XMCD
XNCD 0 1
0
y z
* Average over linear polarization in the xy-plane (xy )
ELLIPTICITY 1.0 0.0 0.0 -2.0
¢POLARIZATION x y z Useful
0 ELLIPTICITY

POLARIZATION XAFS
POLARIZATION 1.0 2.5 0.0
sMULTIPOLE le2 [12Ip] Useful

1€2=0 ( )
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(1e2=2) (le2=1)
121p Lo L+112p=1) L—L-112lp=-1)
( ) 121p=0
MULTIPOLE 2 0 *combine dipole and quadrupole transitions (
)
MULTIPOLE 0 -1 *calculate dipolar L — L - 1 transitions (L — L - 1
)
+LDOS emin emax eimag Useful
84
emin emax [/DOS eimag
eimag  [/DOS eimag
1/3
”ldosNN.dat” LDOS CONTROL 2
1 2 84
2 2 LDOS XANES
LDOS
* emin emax eimag
LDOS -20 20 0.2
¢EXAFS [xkmax] Standard
EXAFS EXAFS 20 A
’dim.h’ dimension
FEFF k RGRID
( )
EXAFS 25
+XANES [xkmax xkstep estep] Standard

XANES ( )

Dirac-Fock-Desclaux

Z eV Z eV



FEFF8 ( ) 26

XANES
XANES ( )
xkstep xkmax XANES
FMS 6 (
20) FMS estep
xkstep = 0.07 xkmax =8 estep = y./4 + vi0/2 vi0 23
EXCHANGE
* finer grid for XANES calculation (XANES )
XANES 6. .05 3
+DANES [xkmax xkstep estep] Advanced
f X f XANES
+FPRIME [emin emax estep] Advanced
( ) X f emin
emax estep DANES
SAQ.E)=fo(Q) +f(E) +if"(E) ;0
*fpt0.dat
f'(E) =DANES (edge) + FPRIME (all other edges) + total energy term fo(O)
*fpf0.dat’ f”  FPRIME 1
f *fpf0.dat’ Cromer-Liberman
Kissel-Pratt
+XES [emin emax estep] Advanced
( ) X (XES) XES
DOS
+XMCD or XNCD [xkmax xkstep estep] Advanced
X ( )
XANES XMCD XNCD
XNCD

( ELLIPTICITY )
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XMCD ( ) X
X
XMCD
+RPHASES Advanced
PRINT phaseNN.dat’
RPHASES
+RSIGMA Advanced
XANES
Hedin-Lundqvist
25 FMS:
XANES
XANES
EXAFS FMS  k=(nx+ 1)/ 1
Font 1A 477
¢FMS  rfms Ifms2 [minv toler] toler2 rdirec] Standard
rfms FMS
rfms  POT LDOS FMS
XANES
501 150 FMS
87 FEFF8
’dim.h’ nclusx
nclusx
FEFF
EXAFS k=120 FMS ( )
FEFF8 EXAFS FMS XANES
EXAFS
*calculate EXAFS with SCF potentials and paths to R=6 angstroms (SCF R=6+
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EXAFS )
CONTROL 1 1
*FMS
SCF 3.1
RPATH 6.0
EXAFS

2.6

(NLEG 2)
3)  XANES
XANES

Ifms1

40
Ifmsl=1

FMS

FMS 6.0

RPATH
NLEG 2

8.0

4.0 A
FMS 50 1
RPAHT -1

minv

FMS

30

RPATH rfms FMS
LDOS XANES FMS
Giot = Gpins + Go t; Go+ Go t; Go t; Gg+ ™
i FMS RPATH LDOS FMS
XANES LDOS XANES
RPATH  rfms
FMS 2 (NLEG
RPATH EXAFS
1fm2 FMS SCF
0( )
rfms FMS 1fms=1 ( ) FMS
rfms
FMS nph+1
(nph+1) 1 nph  POTENTIAL
Ifms2 =0
! XANES LDOS 100
rpath < rfms
16A 8A 2 ( )
Ifms2 = Ifmsl =1
FMS (minv = 0)
LU 100 LU
FMS (FEFF8.2 )
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Lanczos (minv =2) 3
Broyden (minv = 3) FMS
tolerl Broyden 0.001 LU
toler2 Gt toler2 ( 0.001)
rdirec rdirec Gt 0
2 Gt 0 Broyden
Lanczos Si
FMS 294 0 2 0.001 0.001 40.0
+DEBYE temp thetad [idwopt ] Useful
2.8 FMS exp(-6k%)
DW DW
FMS
XANES
2.6 PATHS:
*feff.inp’
(
2
3 4 (0.001A )
FMS
(heap )
(keep )
( ) 30%
¢PCRITERIA  keep-criterion heap-criterion Advanced

CRITERIA

(pcrit’s)
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CRITERIA
(keep  heap)

keep-criterion x ( ) 1
fcc Cu r 196 6
( ) 0.08%  pw 2.5%
heap-criterion ( )
4
legs ( ) 2
3 legs)
(
rpath ) rpath “crit.dat’
*crit.dat’ ( 1 2.1 )
critpw critpw keep
factor heap factor
0

* fcc Cu had degeneracies from 6 to 196, so correct for this by
* dividing pw-crit of 2.5% by 30 to get 0.08 for keep crit. Check this
* empirically by running with pcrits turned off and studying crit.dat.
* After studying crit.dat choose 0.5 for heap crit. (fcc 6 196 2.5%

pw 30 0.08

perits crit.dat crit.dat
0.5 )

PCRITERIA 0.08 0.5

¢RPATH rpath Useful
RPATH ( ) rpath RPATH
FEFF7 RMAX MS FMS

rpath  EXAFS

rpath
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22 EXAFS
XANES LDOS XANES FMS MS
rpath R
EXAFS
* include MS paths with effective length up to 5.10 Ang ( 5.10+
)
RPATH 5.10
¢SS index ipot deg rtss Advanced
SS EXAFS
OVERLAP
1
OVERLAP SS
( ) *feffNNNN.dat’
ipot deg ( )
rss
"paths.dat’ ATOMS
ATOMS SS NLEG 2
* index ipot deg rss generate single scattering results ( )
SS 29 1 48 5.98 parameters for 19" shell of Cu ( 19 )
2.7 GENFMT: XAFS
Rehr  Albers

(fopr FEFF 324 ) XAFS
¢CRITERIA critcw critpw Useful

FEFFS8

xk) " dk
EXAFS
critcw (curved wave )
(spherical wave) CPU critcw
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critcw GENFMT XAFS
critcw GENFMT ’list.dat’
critpw  x (plane wave)
critpw 2.5 2.5%
( )
’paths.dat’ XAFS
critpw critcw
( PATHS ) ’crit.dat’
critpw
FEFF8
( critcew =4.%  critpw=2.5%)

CRITERIA 6.0 3.0 *critew 6% critpw 3%

CRITERIA 0 0 * (cw and pw criteria turned off)
*NLEG nleg Useful
nleg nleg 2
nleg=28
* ( 2leg )
NLEG 2
+IORDER iord Advanced
GENFMT FEFF 2
1/(pRY* Rehr-Albers 6x6 1
6x6
( ) My
Rehr-Albers GENFMT
FEFF setlam iord setlam
lamtot
GENFMT J.J. Rehr R. C. Albers (
C ) My
Lambda array overfilled IORDER -70202 (10x10 )

* change iorder for M4 calculations
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IORDER -70202

NSTAR Advanced
GENFMT ‘nstar.dat’ N* N*  SEXAFS
cos*(6)

2.8 FF2CHI: XAFS

FF2CHI XAS x(k) u 3.2.4
XAFS FMS
Debye-Waller Debye
XAFS XAFS
Debye-Waller

¢DEBYE temperature Debye-temperature [idwopt] Standard
Debye Debye Debye-Waller
2
Debye Debye-Waller SIG2 DW
’list.dat’ ( ) DW

*Debye-Waller factors for Cu at 190 K with correlated Debye model ( Debye
195K )
DEBYE 190 315

idwopt = 0 Debye EXAFS  Debye-Waller
FEFF8 DW 2
Idwopt =1 Debye-Waller (EM)
ideopt=2 (RM)
Ge
FEFFS8 Debye
EM RM ( ) Anna
Poiarkova (FEFF web http://FEFF phys washington edu )

*Calculate Debye-Waller factors for Cu at 190 K with equation of motion
DEBYE 190 0 1


http://feff.phys.washington.edu/
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¢CORRECTIONS real-energy-shift  imaginary-energy-shift Useful

) E, _

FEFF
( )
1 eV 3eV
( ) FEFF
"feffNNN.dat’ FF2CHI
XAFS
EXCHANGE eV (23
EXCHANGE )
*Reduce EO by 3.0 ¢V and add 1 eV of broadening (full width) (EO 3.0eV (
)leV )

*This will only affect module 4  ff2chi ( 4  ff2chi )

CORRECTIONS 3.0 1.0 real shift, imag shift

*SIG2  sig2 Useful
Debye-Waller (Debye ) (
) Debye-Waller Debye (DEBYE
) *list.dat’ A?

Debye-Waller

SIG2 0.001 add 0.001 globally to all DW factors ( DW
0.001 )
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3
*feff.inp’ FEFF
33
22 PRINT 31
31
Module 0 ..o RDINP
“feff.inp’
‘geom.dat global.dat modN.inp (N = 1-6)’
"paths.dat’ (SS )
*feff.inp’
Module 1 ... POT
’modl.inp’ ‘geom.dat’ ( Module 0 )
"pot.bin’
( 21 )
‘mod1.inp’ ’pot.bin’
POT "pot.bin’
MOAUIE 2 ..o XSPH
'mod2.inp’ ‘geom.dat” ‘global.dat’ ‘pot.bin’
phase.bin’  ‘xsect.bin’
( 21 ) ’aXAFS.dat”  ‘ldosNN.dat’ (/DOS)
XSPH "phase.bin’ PATHS GENFMT
"xsect.bin’
(FF2CHI) XSPH
Module 3 o FMS
XANES [/DOS
’mod3.inp’ ‘global.dat’” ‘geom.dat’ ‘phase.bin’
*fms.bin’

FF2CHI
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’fms.bin FMS x (k)
MOAUIE 4 ..o PATHS
«C )
'mod4.inp’ ‘geom.dat” ‘global.dat’  ‘phase.bin’
’paths.dat’
’crit.dat’
PATHS GENFMT "paths.dat’
PATHS ’crit.dat’
*crit.dat’ ’paths.dat’
MoOdUIE S ... ...GENFMT
XAFS

'mod5.inp”  ‘global.dat’ ‘phase.bin’  ‘paths.dat’
“feff.bin’>  ‘list.dat’

GENFMT EXAFS "FEFF.bin’
"list.dat’
EXAFS FEFF "FEFF.bin’
FEFFdt
MOAUIE 6 ...t FF2CHI
X

'mod6 inp’ “‘global .dat’ ‘list.dat’” ‘feff.bin’ ‘fms.bin’ ‘xsect.bin’
‘chi.dat”  ‘xmu.dat’

’chipNNNN.dat>  ‘feffNNNN.dat’

FF2CHI ‘list.dat’ ‘fms bin’ ‘feff.bin’ ’list.dat’
XAFS ’chi.dat’ ’FEFF ior’ FF2CHI S02
’list.dat’
(k) ’chipNNNN.dat’ XANES
DANES FPRIME XNCD FF2CHI
’xmu.dat’ _
‘FEFF.bin’ (1200 )

FEFF ff2chi npx
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3.2
3.21
‘modN.inp”  ‘ldos.inp’
ASCII *feff.inp’
‘global.dat’
ASCII
‘geom.dat’
ASCII
‘pot.bin’
(SCF
XSPH
‘phase.bin’
’xsect.bin’
FMS
GENFMT
‘xsect.bin’
X ASCII
‘ldosNN.dat’
NN I- (LDOS
‘fms.bin’
FMS XAFS XANES FF2CHI
‘paths.dat’
GENFMT
(leg) 33
LDOS ’pathNN.dat’
‘crit.dat’
‘list.dat’
XAFS FF2CHI
GENFMT

33
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3.2.2 POT XSPH
‘misc.dat’
‘phaseNN.dat’
‘phminNN.dat’

=01 2 phaseNN.dat’
‘potNN.dat’
‘atomNN.dat’

Desclaux NN
3.2.3
‘chi.dat’

(k=0) k, (k). | (k)| XAFS
‘xmu.dat’
’xmu.dat’ XANES XAFS y757

7 = x nolpy (edge + 50eV) E E-E, k

‘feff.bin’
XAFS
*feffNNNN.dat’ feffNNNN.dat PRINT
FEFFdt
‘feffNNNN.dat’
PRINT nn k
k ¢c F, off ¢e_1f A Re(p)
FF2CHI PRINT 3
*feff.bin’ ’feffNNNN.dat’
‘fpf0.dat’
Jo(Q) f’

‘ratio.dat’

XMCD ao(E), po(E)
3.2.4 EXAFS XANES
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k At k=(E-E)"” E E,
x(k)
2 NF, ef : 2 2
2(k)=SgR Y —2-exp(-2r/ A)sin(2kR + ¢, + 4, ) exp(-2k’c?)
shells
¢c ¢c = 2510 - ZTC
Fegr EXAFS
¢6ﬁ"
R R = exp(-2Im(S))
R
N «C )
o R
A A A=1/Im p|
kf
p(r) P =K+ +2-3%
X(E) E X
w(E)
a0 (E)
3.3
*feff.inp’ CONTROL
’paths.dat’
’list.dat’ Debye-Waller
3.3.1 ‘paths.dat’
8 (leg
+1)
focusing
*feffNNNN.dat’ 845
EXAFS *feft0845.dat’ R
0 0 0 (R 00 2-leg

GENFMT
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(leg)

3.3.2 ‘list.dat’
chi ff2chi GENFMT
Debye-Waller
Debye-Waller
FF2CHI Debye-Waller Debye o
o EXAFS
( GENFMT

3.3.3 ‘geom.dat’
NOGEOM
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4
4.1
XANES
EXAFS
EXAFS
FMS
GENFMT PAHTS
GENEFMT XAFS
XAFS
PATHS
)
GENFMT XAFS FF2CHI
GENFMT FF2CHI
Ey
GENFMT FF2CHI
Debye-Waller
DEBYE Debye-Waller SIG2
Debye-Waller "list.dat’
Debye-Waller 3 Debye-Waller
DEBYE SIG2 ’list.dat’ Debye-Waller
Debye-Waller 3
(
XAFS
4.2 EXAFS
42.1 SFg

FEFF EXAFS

FF2CHI

Ey

PATHS

x(K)
Debye-Waller
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>chi.dat’

TITLE Molecular SF6

POTENTIALS

*  ijpot z tag
0 16 S
1 9 F

ATOMS

* X y z ipot
0 0 0 0
1.56 0 0 1
0 1.56 0 1
0 0 1.56 1

-1.56 0 0 1

0 -1.56 0 1
0 0 -1.56 1

4.2.2

Cu

Cu fcc 4

(ATOMS )
EXAFS

TITLE Cucrystal 4 shells

*Cu is fce

absorbing atom must be unique ipot 0

S absorber

6 F backscatters

ATOMS (Bruce Ravel

lattice parameter a=3.61 (Kittel)

*Cuat 190 K Debye temp 315 K (Ashcroft & Mermin)

DEBYE 190 315 0

POTENTIALS
0 29 Cu0
1 29 Cu

ATOMS

Atoms list is generated using atoms inp file below

)

PRINT

’atoms.inp’

Title Cu metal
fce

rmax=11.13 a=3.6032

fcc  a=3.6032

! shorthand for F M 3 M
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out=feff.inp !'index = true

geom= true

atom

I At type X y z
Cu 00 00 00O

YBCO High Tc superconductor

TITLEYBCO: YBa2 Cu3 O7 Cu2 core hole
CONTROL 1 1 1 1 1 1

PRINT 0 0 0 0 0 O
RPATH 4.5
POTENTIALS
* ipot z tag

0 29 Cu2

1 8 O

2 39 Y

3 29 Cul

4 56 Ba
ATOMS

Atoms list is generated by atoms inp file

title  YBCO: Y Ba2 Cu3 O7 (1-2-3 structure)
space PM MM
rmax=5.2 a=3.823 b=3.886 c=11.681

core = Cul

atom

! At.type X y z tag
Y 05 05 0.5

Ba 05 05 0.184

Cu 0 0 0 Cul
Cu 0 0 0.356 Cu2
(0] 0 0.5 0 0)}
(0] 0 0 0.158 02
(0] 0 0.5 0.379 03
(0] 0.5 0 0.377 04
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423 S’
K ( ) EDGE (
HOLE) 3 S02=0
Sy’
EDGE L3 0.0
HOLE 4 0.0
S02 0.0
S02 ’chi.dat’ ‘xmu.dat’ 502
getorb
424
( )
*feff.inp’ 2.2
CFAVERAGE
425
XANES EXAFS
E,
EXAFS SCF
SCF 3.8
30 Ifms1=1
SCF 10.0 1

23 2.5 SCF FMS

4.3 XANES
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43.1
XANES

FEFF7
PCRITERIA

FEFF8

eV

AFOLP

EXCHANGE 5
EXCHANGE 0

XANES
LDOS
LDOS

FMS

4.3.2 GeCly

Hartree Kronig

TITLE

NOHOLE
HOLE 1 1
RSIGMA

CONTROL 1
SCF 3.0
FMS 3.0

EXAFS

XANES

SCF

GeCl 4

.0

CORRECTIONS
AFOLP EXCHANGE ION
SCF

CORRECTION )
ION
XANES

PCRITERIA
( )
XANES
FMS
XANES

50 200
XANES

Peterson (1934)

=2.09 A

FEFF8

FEFF7
FEFF7

FEFF8

FEFF7 Pu
FEFF8

FEFF8 FMS

87

EXAFS
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RPATH 1.0
XANES 80 0.05

AFOLP 1.30

POTENTIALS

* ipot z label
0 32 Ge 3 3
1 17 Cl 3 3

ATOMS
* X y z ipot atom
0.0000  0.0000  0.0000 0 Ge
1.2100  1.2100  1.2100 1 Cl
1.2100 -1.2100 -1.2100 1 Cl
-1.2100  1.2100 -1.2100 1 Cl
-1.2100 -1.2100 1.2100 1 Cl
END
4.3.3 XANES LDOS
BN

TITLE BN cubic zinc sulfide structure
CONTROL 1 1 1 1 1 1
PRINT 5.0 0 0 0 O

SCF 3.1

HOLE 1 1.0 I=kedge s072=1.0
EXCHANGE 0 0 1.0

LDOS 20 10 0.5

FMS 5.1

RPATH 1.0

XANES 4.0

INTERSTITIAL 0 1.54

POTENTIALS

* qpot z label Imaxl Imax2

distance



a7

0 5 B 2 2 0.1

1 7 N 2 2 1

2 5 B 2 2 1
ATOMS

list generated by ATOMS program

title BN(zincblende structure)
space zns

a=3.615 rmax=8.0 core=B

atom

I At type X y z tag
B 0.0 0.0 0.0
N 0.25 0.25 0.25

4.3.4

‘xmu.dat’

xsedge+100 used to normalize mu 2.5908E-04

A A?
5 A?
(1A*= 100Mbarn)

4.4
441
ovrlp
getorb (
XANES
FeK XMCD

FEFF

barn

XANES EXAFS

Alexei Ankudinov
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FEFF8 (
SPIN FEFF ispin
ispin
-2 SPXAS  LDOS
2 SPXAS  LDOS
-1 XMCD
1 XMCD
4.1: SPIN ispin
XMCD xmu.dat’
’spin.f’
getorb
Hund
d 1/2 ] p
XMCD
ovrlp
(total density magnetization)
(density magnetization) SPIN
)
POTENTIAL 7 *feff.inp’

von Barth-Hedin

EXAFS XANES
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XANES
1) GETORB
2) OVRLP (
) 3) iph
4) SPXAS XMCD
SPIN ’spin.f’
FEFF SPIN POTENTIALS 7
spin.f> XMCD SPXAS
implicit double precision (a-h 0-z)
c This program read two xmu.dat files for spin -up and -down
c calculated with FEFF8.20 for the SAME paths list  (
xmu.dat FEFF8.20 )
c spin-up file is fort.1  spin-down file is fort.2( fort.1
fort 2)
c Both have to be edited ( ): All lines should be
deleted except ( )
c 1) line: xsedge+100, used to normalize mu 1 3953E-04
c leave only on this line ( ):1 3953E-04
c 2) 6-column .data lines (6 )
c The output will be written in fort.3 in 6 columns ( fort.3 6
)
c E+shiftl E(edge)+shift2 xk cmd_total cmd background cmd fs
c where total = atomic background + fine structure ( total
)
c There are 3 possibilities (3 )
¢ case 1) you want XMCD signal and used SPIN ¥pm 1 (XMCD SPIN ¥pml
)
c case 2) you want XMCD signal and used SPIN ¥pm 2, in order
c to use non-relativistic formula for XMCD
c factor li/2j+1 which was not convenient to do in a program (XMCD SPIN
¥pm 2 XMCD 1i/2j+1
)
c case 3) you want SPXAFS and used SPIN ¥pm 2 (SPXAFS SPIN ¥pm 2
)

c ENTER your case here (icase is positive integer only) (
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(icase )
icase =2
c if icase=2 ENTER factor=(-1)**(L+1/2-J) * L/(2*J+1)(  icase=2  factor
(-D)**(L+1/2-J) * L/(2*J+1) )
c where L J are for your edge (ex. for L3 L=1 J=3/2, for L2 L=1 J=1/2) ( LJ
( L3 L=1 J=3/2 L2 L=1 J=1/2))
c for L3 (L3 )
factor = 0.25
c for L2 (L2 )
c factor =-0.5
c ENTER the energy shift you want for columns 1 and 2 in xmu.dat (xmu.dat
12 )
shiftl =0
shift2 =0
c everything below is automated further( )

read (1,*,end=10) ap

read (2,*,end=10) am

xnorm = 0.5 *(ap+am)

c read the.data ( )

3 read (1 * end=10)x1 x2 ek yl y2 y3
read (2 * end=10)x1 x2 ek =zl z2 Z3
if (icase.eq.1) then

c no XAFS in this case ( XAFS ) :xfs - atomic
part of XMCD
tl = (yl*ap + z1*am)/xnorm
t2 = (y2*ap + z2*am)/xnorm

t3 = (y3*ap + z3*am) /xnorm

elseif (icase.eq.2) then
tl = (y1*ap - z1*am)*factor /xnorm
t2 = (y2*ap - z2*am)*factor /xnorm

t3 = (y3*ap - z3*am)*factor /xnorm

elseif (icase.eq.3) then
c factor=0.5 always for SPXAFS(SPXAFS factor
0.5)
tl = (y1*ap - z1*am)/2.0/xnorm
t2 = (y2*ap - z2*am)/2.0/xnorm
t3 = (y3*ap - z3*am)/2.0/xnorm
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c you may want average total XAS as output in last column (
XAS )
c t3 = (yl*ap + z1*am)/2.0/xnorm
endif
x1 =x1 + shiftl
x2 =x2 + shift2
write(3,5) x1, x2, ek, t1, t2, t3
5 format (6e13.5)
goto 3
10 continue
stop
end
2
’paths.dat’ EXAFS (
) SPIN CONTROL
442 XMCD
XMCD XANES EXAFS
XMCD FEFF8.20
*feff.inp’ dimension nspx =2 up
down 2 xmu.dat spin.f
’xmu.dat’ spin-flip ( )
XANES 4 8 spin-flip
( 5f ) nspx =1

Gd L1
TITLE Gd 11 hcep
HOLE 2 1.0
SPIN 1
EXCHANGE 2 0.0 0.0

CONTROL 1 1 1 1 1

RPATH 7.29

2=11 edge, s0"2=1.0
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PRINT 5 0 0 0 0 3

CRITERIA 0.0 0.0 curved plane
DEBYE 150 176 temp  debye-temp
XANES

XMCD

POTENTIALS
* ipot z label
0 64 Gd
1 64 Gd

ATOMS
the list of atoms is created by ATOMS program

title Gd, hep

! Wycoff vol.1 p.331
space  hcp

rmax = 9.0

a=3.6354

c=5.7817

atom

Gd 033333 0.66667  0.25 center

4.4.3 XMCD
Lo Ho ’ratio.dat’ PRINT
SPIN j+ j-DOS
S, L, 10% K 1=0
4 (
) DS L ( ) SPIN +/-1 2
S, getorb
2) SPIN + /-1
EXCHANGE
20eV EXCHANGE 22002
S, L, ds.=S.*-8, S. L,
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444 XNCD
E1-E2 (
XANES
XNCD
XNCD
(ELLIPTICITY )
445 SPXAS
XMCD
K
) MnF,
MI’IF2

TITLE MnF2 (rutile) cassiterite (Wykof¥)

HOLE 1 1.0
SPIN -2

CONTROL 1 1 1
PRINT 0

EXCHANGE 0 00 00
CORRECTIONS 0 0 0 O

RPATH 10 0

XANES

PCRITERIA 0.8 40.0
*CRITERIA curved  plane
CRITERIA 0.0 0.0
*DEBYE temp debye-temp
DEBYE 300 350
NLEG 4

POTENTIALS

* ipot z label

0 25 Mnup

1=k edge, s0"2=1.0

XNCD

LilO;
XNCD XMCD

SPXAS XMCD

(XMCD

XMCD

EXAFS
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1 9 F
2 25 Mnup
25 Mndown

ATOMS
END
0.0000 0.0000 0.0000 0 Mnup 0.0000
1.4864 1.4864 0.0000 1 F 2.1021
-1.4864 -1.4864 0.0000 1 F 2.1021
0.9503 -0.9503 1.6550 1 F 2.1319
0.9503 -0.9503 -1.6550 1 F 2.1319
-0.9503 0.9503 1.6550 1 F 2.1319
-0.9503 0.9503 -1.6550 1 F 2.1319
0.0000 0.0000 -3.3099 3 Mndown 3.3099
0.0000 0.0000 3.3099 3 Mndown 3.3099
-3.3870 1.4864 0.0000 1 F 3.6988
3.3870 -1.4864 0.0000 1 F 3.6988
1.4864 -3.3870 0.0000 1 F 3.6988
-1.4864 3.3870 0.0000 1 F 3.6988
2.4367 3.3870 -1.6550 2 Mnup 3.8228
-2.4367 2.4367 -1.6550 2 Mnup 3.8228
2.4367 -2.4367 -1.6550 3 Mndown 3.8228
-2.4367 -2.4367 1.6550 3 Mndown 3.8228
-2.4367 2.4367 -1.6550 3 Mndown 3.8228
2.4367 2.4367 1.6550 3 Mndown 3.8228
2.4367 -2.4367 1.6550 2 Mnup 3.8228
-2.4367 2.4367 1.6550 2 Mnup 3.8228

4.5

FEFFS.2
*fpf0.dat’ DANES

FPRIME f”  XANES f c
( ) f7 = wcold/x
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46 X

XES

XANES

XES
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A
A.l
FEFF8
(Office of Technology Transfer) ( )
—_ A2
FEFF WWW
http://leonardo.phys.washington.eduw/FEFF/

The FEFF Project

c/o Gail Chiarello

Department of Physics

BOX 351560

University of Washington

Seattle WA 98195

E-mail: feff@phys washington edu

E-mail: FEFF@phys washington edutelephone: (206) 543-5459

FAX (206) 685-0635
A.2

600.33
FEFF

(¢) (D
@

(i)


http://leonardo.phys.washington.edu/FEFF/
mailto:fe_ff@phys.washington.edu
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FEFF

FEFFS8: A. L. Ankudinov, B. Ravel, J. J. Rehr, and S. D. Conradson, Phys. Rev. B58, pp. 7565-7576
(1998).

FEFF
FEFF

) FORTRAN
FEFF
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B
FEFF8.20 'FEFF82 f' 8
‘rdinp-tot.f> ‘pot-tot.f> ‘ldos-tot.f” ‘xsph-tot.f” ‘fms-tot.f> ‘path-tot.f> ‘genfmt-tot.f> ff2x-tot.f’

LDOS
XSPH FEFF8
( ) CFAVERAGE
MPI

Fortran77 ( ) (

) UNIX f77 -0 module module.f
1
8
rdinp pot Idos xsph fms path genfmt ff2x
(FEFF8 )
(ON
MPI
FEFF8 87 64MB RAM
nclusx
nclusx 2
Ix nclusx =

300 Ix=2
FEFF8 FEFF7  (FEFF6 ) *feff.inp’

FEFF EXAFS XANES FEFF7 1

3 FEFF8 FEFF8 3

FEFF7  CONTROL PRINT

FEFF8 SCF FMS LDOS
FEFF complex*16 ANSI  Fortran 77

complex*16 ANSI
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ANSI Fortran 77  VAX
ANSI complex*16
dimag(arg) demplx(arg)
complex*16 DBLE(arg) sqrt exp abs
complex*16 complex*16
open ANSI open (O]
UNIX VAX/VMS IBM PC ( ) MS
FORTRAN CRAY MAC CDC
open
B.1 UNIX
UNIX (HP AIX LINUX Alpha BSD CRAY )
FEFF
xmu.dat’ / ’chi.dat’
SGI
77 -Ofast -LNO:opt=0 -IPA:INLINE=OFF module f-o module
(‘xmu.dat’) FMS
UNIX
200 CSH (C )

limit stacksize 170000

Bourne

ulimit -s 170000

LINUX BSD

FEFF8

GNUg77
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g77 -02 -ffast-math -m486 -Wall -g -fno-silent
( )
g77 -02
g77 -pedantic
-pedantic FEFF
AIX real ( RS6000
-qautodbl=dbl )
B.2 CRAY SGI-CRAY CDC UNIX
CRAY SGI-CRAY CDC UNIX FEFF
64bit 32bit
real*8 complex*16
8bytes (64bits) ( CRAY CDC
CRAY FORTRAN
( cf77 90 )
90 c-dp  cf77 -c -Wf"-dp"
B.3 MS-DOS WIN-NT 9X ME 2000
DOS FORTRAN
PC FEFF
FEFF 486 CPU Pentium CPU
64MB RAM DOS
( Compaq Visual Fortran) DOS
FORTRAN

B.4 Macintosh
FEFF Mac OS 9 OS
G4 FEFF
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Mac OS X UNIX Absoft F77

f77 -N113 -N11 -f -O module.f

-f F77
-N11 32

Mac OS X UNIX

B.5 VMS NEXT
VMS ( 60  62) FEFF8

$mc sysgen
sysgen> use current

sysgen>show virtualpagecnt

sysgen>set virtualpagecnt (value + 25%)

sysgen>write current
sysgen>exit

$reboot

SYSTEM AUTHORIZE

$run authorize

authorize> modify username /pgflquo=500000

authorize>exit

$reboot

NeXT Absoft F77

77 -N53 -f -s -O module.f

-f F77
-N53 68030/68040

-N113

SYSTEM

VMS

-S

68881/2

SYSGEN

VAX
FEFFS8
(pgflquo=500,000)

512K
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FEFF

FEFF8
A. L. Ankudinov, B. Ravel, J. J. Rehr, and S. D. Conradson, Real Space Multiple Scattering Calculation of
XANES, Phys. Rev. B 58, 7565 (1998).

FEFFS8.1
A. L. Ankudinov, and J. J. Rehr, Theory of solid state contributions to the x-ray elastic scattering amplitude,

Phys. Rev. B 62, 2437 (2000).

FEFF8.2
A.L. Ankudinov, C. Bouldin, J. J. Rehr, J. Sims, H. Hung, Parallel calculation of electron multiple
scattering using Lanczos algorithms, Phys. Rev. B 65, 104107 (2002).

FEFF7

A. L. Ankudinov and J. J. Rehr, Relativistic Spin-dependent X-ray Absorption Theory, Phys. Rev. B 56,

R1712 (1997). A. L. Ankudinov, PhD Thesis, Relativistic Spin-dependent X-ray Absorption Theory,

University of Washington, (1996); X FEFF
FEFF7

FEFF6
S. I. Zabinsky, J. J. Rehr, A. Ankudinov, R. C. Albers and M. J. Eller, Multiple Scattering Calculations of
X-ray Absorption Spectra, Phys. Rev. B 52, 2995 (1995).

FEFF5
J. J. Rehr, S. I. Zabinsky and R. C. Albers, High-order multiple scattering calculations of x-ray-absorption
fine structure, Phys. Rev. Lett. 69, 3397 (1992).

FEFF3 , FEFF4
J. Mustre de Leon, J. J. Rehr, S. 1. Zabinsky, and R. C. Albers, Ab initio curved-wave x-ray-absorption fine
structure, Phys. Rev. B 44, 4146 (1991).

FEFF3
J. J. Rehr, J. Mustre de Leon, S. 1. Zabinsky, and R. C. Albers, Theoretical X-ray Absorption Fine Structure
Standards, J. Am. Chem. Soc. 113, 5135 (1991).



FEFF8 ( ) 65

FEFF
J. J. Rehr and R. C. Albers, Modern Theory of XAFS, Rev. Mod. Phys. 72, 621 (2000).

FEFF8.2
A. I. Nesvizhskii, A. L. Ankudinov, and J. J. Rehr, Normalization and convergence of x-ray absorption sum

rules, Phys. Rev. B 63, 094412 (2001).

FEFF
J. J. Rehr and R. C. Albers, Scattering-matrix formulation of curved-wave multiple-scattering theory:

Application to x-ray-absorption fine structure, Phys. Rev. B 41, 8139 (1990).

Dirac-Fock
A. L. Ankudinov, S. 1. Zabinsky and J. J. Rehr, Single configuration Dirac-Fock atom code, Comp. Phys.
Comm. 98, 359 (1996).
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D
FORTRAN 6 FEFF
nclusx Ix nclusx
Ix SCF
’dim.h’
FEFF
c dim.h
c nclusx  Ix
c 5
c
v FMS
c nclusx
c
parameter (nclusx=87)
c 1; 2
parameter (nspx=1)
c
parameter (natx =1000)
c rdinp  ffsort
parameter (nattx =10000)
v FMS
parameter (1x=3)
c (potph)
parameter (nphx = 7)
c (arrays 1:1tot+1)
parameter (ltot = 24)
c Loucks r
parameter (nrptx = 1251)
c genfmt  etc
parameter (nex = 150)
c
c genfmt lambda
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(15 GENFMT iord
)
parameter (lamtot=15)
c mmax  nmax
parameter (mtot=4 ntot=2)
c genfmt

parameter (npatx = 8)

c matches path finder used in GENFMT
( GENFMT )
parameter (legtot=npatx+1)
c max nuMBer of overlap shells (OVERLAP card)
( (OVERLAP )

parameter (novrx==8)
c max nuMBer of header lines( )

parameter (nheadx=30)



FEFF8 ( ) 68

E FEFF
FEFF8.20 X Lanczos
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