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Fig. 1 Calculated energy loss functions for Au-Cu
{(upper) and Au-Ag alloys (lower)
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Fig. 2 Plots of Ny vs. electron energy from Eq. (7)
for Au-Cu (upper) and Au-Ag alloys (lower)

eV DFREEMHEMNR SN S, 1000eV IZH 5 Cu D L
BOWAHIE A $IT 55 & E DEHEILL T L D1
0 EHIBEINS. X, 10000 eV IKH WV TIE Cuyg
D Ny BHERE 29 I &< —HL TS, X, Augy T
i N EHRMEEOFEIEH 10% THHH, Thid
10000 eV D Au D Ny BlLESKEVIED O S
BomaLdic, Au DI ICRTFESHRKEVFEFT
WK BOBIREETALFE—ICH b0, £0E
TAOVF Rl E T AL F —RKBIE KD TR
AENBERHLEEZ NS, T, VEZANT—
HEE CRHE I NEEBFE BT L Ebhs. Ih
i, Au-Ag BLTHRBETH D, Aguy O N EHEGRIE
47 I EL—BLTWA. £1K& LT, Au-Cu, Au-Ag

AL T 8% LINDHEET, TRTOEBOFHFEM Ny

WHERME N IC—E U .
3 BRRUOEBER

31 IMFP OStE#AR

Au-Cu, Au-Ag G&IZ2VT 2 DETHRAILZHET
HHERAEHB UL, ChEVEED T AN F —HKBEH
¥ Inm (—1/e) #K®, Penn DTNV ITY XL 2B
T, &40 IMFP % 50eV 75 2000 eV OEPH TEHE
L.

Electron Energy(eV)

Fig. 3 Calculated inelastic mean free paths for
Au-Cu (upper) and Au-Ag alloys (lower)

IMFP O EHE B & FREIC 300eV AN T3,
Penn DTNV T X LAIICHEW, S ERS 2TV,
300~2000 eV Tlx—M Pz HOWTHEZTo 72, €
DIERO—#% T AV F— OB E UT, Fig. 3 IKR
ER

Fig. 3 ® Au-Cu && T, Au BEMSEING 51T
-7 IMFP O3NS E>TWD. —F, Au-Ag &
LTI Auggs Agoar Au (50%)-Ag @O IMFP IZIEEA
EEpELINLEL,. ChBHUTOLIICEZLNS.

IMFP A 3L FoORBcEans.

yo l
Aaj;f/m<—1/a):;dquE (8)

ZoT g L EEEREEHHDT.

Au-Cu 24 TiX, Fig. | #RT £H I 30~80eV D
SO T AVF —BEOKE 313 Av BESENYT 5
HoThREL LTS, 22T, g KDVWTDHD%
mELTEANE, COLANT—BEOKE ZIDED
2 IMFP DEABFZTVWAESASH. —7, Fig. 1 D
Au-Ag A& TIlX Au-Cu 5483 E 0D, 30~50,
50~90 eV DM TR T AN F—BEOKE S EZDH
SRR T AREELPHEICL>TED, 025 100
eV E TN TNIEEEALERMBIC LS E T LN K

NI | -El ectronic Library Service



The Japan Society for Analytical

Chemi stry

670 BUNSEKI

IRZToND. E-T, (8 )i -> TS T HIL
2D 0~100eV OHEFHO T ANV F—HENFELAKEZW
WHTHHDT, BHEUI IMFPIZIZEEAEENR
HNEVI SIS,

32 IMFP OI 2JL¥ —{kFEM
Au-Cu, Au-Ag BELD T AN F— K25 I
5 HIT, Fano plot (E/Avs. InE) ZHNWTEHELD
IMFP iIZ DWW THRETL 72,
ZEEH S HWBER TRE L 72 IMFP O—# TPP-2 14
FATEZON5.
E

A= (9)

. C D
Epz[ﬂln()’E)—‘E-l'E;}
ZN &Y, Fano plot IZX& U7z TPP-2 FUXIRA T

xahs.

%zEpz[ﬂln(yE%EnL‘g;] (10)

E
Au(50%)-Cu, Au(50%)-Ag IZ 2T ® Fano plot
% Fig. 4 IORT. MPOOMFHEL 2 IMFP X 0 RIE

LiziEicd D, EHEER(10)ZHNT ST A -5 —7 ¢4
100 a0 T
[ Au(50%)-Cu alloy J
.. 80 [
g [
> o EN
® L
= g0 F —TPP-2 fit E
a L
™S
= [
3ol .
© F
S L
20 | b
[ ]
J
o L " "
100 T v
Au(50%)-Ag alloy
.. 80 F y
L
S
CA O EM
60 7
o r ——TPP-2 fit
'S -
2 3
340l ﬂ
3 [
o
g L
20 1
0 1 bk 1 Fa
10 100 1000 10*

Electron Energy(eV)

Fig. 4 Fano plots of Au(50at%)-Cu alloys (upper)
and Au(50at%)-Ag alloys (lower)

Circles show the E/A calculated from IMFPs
obtained by using energy loss function. Straight
line shows the results of curve fitting with Eq. (9).
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Fig. 5 Dependence of parameters 8, 7, C and D in
TPP-2 on Au concentration at Au-Cu alloys

Circles show the curve fitted results of 8, 7, C and D
with TPP-2 equation using the Fano plots of IMFPs
calculated by Penn algorithm.
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Fig. 6 Comparison of calculated IMPFs of Au-Cu
alloys at 200 eV (upper) and that at 2000 eV (lower)
Circles show the calculated IMPFs with Penn algor-
ithm using energy loss functions. Solid line shows
the calculated results with TPP-2 and Eq. (15).
Dashed line shows the calculated IMFPs with
Eq.(16), Bragg rule.
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Calculations of the electron inelastic free paths in Au-Cu and Au-Ag alloys.
Shigeo Tanuma (Analysis Research Center, Nippon Mining Co. Ltd., 3-17-35, Niizo-
Minami, Toda-shi, Saitama 335)

The surface sensitivity of electron spectroscopy, such as Auger electron spectroscopy
(AES) and X-ray photoelectron spectroscopy (XPS), depends on the mean free paths for
both the inelastic and elastic scattering in the investigated material. We calculated the
clectron inelastic mean free paths (IMFPs) of 50~2000 eV electrons in 27 elemental
solids and 15 compounds using the Penn algorithm, and proposed a general formula
(TPP-2) for predicting IMFP in solids based on the calculated results. However, it is
not clear that TPP-2 could be applied to alloy systems. Since the Penn algorithm re-
quires optical constants in the range 0~2000 eV for calculating the IMFPs, we tried to
estimate the optical constants for alloys from the values of optical constants of the compo-
nent elements for them. Using these values, we determined the energy-loss functions of
Au-Cu and Au-Ag alloys by supposing that these are completely idealized alloys. The
IMFPs of these alloys were then calculated in the range 50~2000 eV with the Penn
algorithm. The calculated IMFPs were fitted to our TPP-2 formula within a 1% rela-
tive error. It is, thus, clear that our TPP-2 formula can be used to determine the energy
and material dependence of IMFPs in the alloys. We found that parameters £, 7, C and
D of the TPP-2 formula for alloys could be obtained by a linear combination of the
values of the component elements.

(Received June 12, 1991)
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inelastic mean free path; Au-Cu alloy; Au-Ag alloy; general formula TPP-2; Penn
algorithm; optical constants; energy-loss functions.

NI | -El ectronic Library Service



