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This paper briefly introduced the QUASES- Tougaard method, which is a powerful tool for
quantitative analysis of surface nano- structures from peak shape and background of
photoelectron spectra. A practice of the method was done for analyzing the morphology of oxide
formed with various oxygen dose up to 500 Langmiur on the surface of Fe-28mol.% Cr alloy.
Spectra, obtained from annealed and oxidized surface, were successfully reconstructed by the
method using standard spectra, obtained from pure iron, pure chromium and chromium oxide.
The parameter sets of surface structure, obtained as a result of reconstruction, suggest that oxide

forms small islets directly on substrate ( the growth mechanism is Volmer- Weber type ) .

_55~



Journal of Surface Analysis Vol.8 No.1 (2001)

1. sz
1.1. Ny 7oy FREARRE
EHERNTEELCEFZ, BRRENLHHSE
NHETIZ, BEEWRTIEFICIVEE T
B EEATRELIEEFI, AT ETE
— 7L THRBEND (E— 7 EILHFETD) 10
i, RSN DL EY DY EOBRHE
&3 1~ 3nm, @4 FEEMAEBELTHERITE A
(Inelastic Mean Free Path) ® 3 {%, 3A BE TH
B, —FH. Ry 7T RELTE — 7 IV {KERI T
FF—fll (FERE=RLX —A) (CBAENDE
Fix, FEMMBELIN THREBEEN., TOREERSE
5 ~100 BEIZETR A (1L,

12 N7 75U RICEENDIER
EEHMDHIRDBRDEEIH/LND Cu 2p
ATV (2] % Figure 112579, BBIRSROT
ZRREIREITL TV A5 E (Figure 1a)iZid, N
2 770N DMBE R EEIR<2 D, #iZ, TE
ELTHIET AL 546 (Figure 1d) 121, 23wy

1.1A
204
304 24
50A |
a b c d
b~
L
L Cw2p

sf

Figure 1 Cu 2p XPS spectra from various
depth distribution [2]. Cu is distributed in
the  hatched area of the model above.
Intensity of spectra are normalized by the
2psse peak intensity
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Table 1 Characteristic of the popular background-
subtraction algorithm for photoelectron
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spectra
Algorithm Characteristic
Tougaard - taking the theoretical model*

into account:
loss processes”

- profile is not affected by
the start/end set of points

“background caused by inelastic

- requires complicated calculation

Shirley - based on a model under the
(Integral/ assurnption (not valid):

“each unscattered electron is
associated with a flat
background of losses”

Non-Linear)

- profile is stronglv affected by
the start/ end set of points

- requires relatively simple calcu-
lation (usually requires iteration)

INTENSITY (ARBL UNITS)

800 850 900 950

- no theoretical model (crude)

- quite simple calculation

- profile is strongly affected by
start/ end set of points

Straight line
(Linear)

KINETIC ENERGY (eV)

Figure 2 Au 4f photoelectron spectrum
with  background profile calculated
using Togaard, Shirley algorithm and
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Figure 3  Differential inelastic scattering
crosssection of iron, chromium and chromium
oxide, calcurated from REELS spectrum:;
comparison with the 2- parameter universal
crossection with B=2866[eV2],C=1643[eV2]
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Table 2 Depth distribution Functions supported by QUASES and
parameters required for definition of surface structure

Depth distribution function

Parameters for definition of surface structure

Rectangular [buried]

Upper and lower limit of depth, (x1, x3)

Island Growth/ overlayer

Height and coverage of overlayer, (h, 6)
*: multiple overlayers are supported

Island Growth/ substrate

Height and coverage of overlayer, (h, 8)
*: multiple overlayers are supported

Exponential Surface concentration and attenuation depth (cs, d)
*: bulk concentration(cg) can be defined
Delta Depth and thickness of the layer (x, w)
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Figure 4 Surface structure model and depth
distribution function applied.
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Figure 5 Result of Spectrum reconstruction;
measured spectrum is generated by QUASES
using standard spectra obtained from pure
iron, chromium and chromium oxide.
Specimen: sputter-cleaned and then annealed
at 884K for 1800s in the presssure of
4x107Pa.
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Figure 6 Result of Spectrum reconstruction;
measured spectrum is generated by QUASES
using standard spectra obtained from pure
iron, chromium and chromium oxide.
Specimen: sputter-cleaned, annealed at 884K
for 1800s in the presssure of 4x10'7Pa and
then oxidized with an oxygen dose of 20
Langmiur (partial pressure: 2.3x10°6Pa).
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Figure 7
coverage of the oxide layer and oxygen dose.




