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Surface Analysis of Steel Products by Angular Distribution Measurement

in the XPS

Synopsis :

Takako YAMASHITA and Kozo TSUNOYAMA

The angular distribution measurement of X-ray photoelectron spectroscopy (XPS) proposed by FADLEY et
al. is one of the techniques which enable in-depth analysis without ion sputter etching. This technique has
been applied mainly to well-defined samples such as vacuum deposits.

This paper describes the application of this technique to the surface analysis of steels : oxide films
formed on a low carbon steel and chromate layer on Cr plated steel.

When the oxide films are analyzed by using conventional Ar™ ion etching, both of the intensity ratios of
Fe2p3/2 to O 1s and the binding energies of Fe2p3/2 obtained for various kinds of iron oxide converge to
certain values with the increment of ion dose, which makes it impossible to identify the structure of oxide

films.

Meanwhile the angular distribution measurement can identify the layered structure of oxide films by

adopting a precise elimination of surface contaminants and correction of binding energy of XPS peaks.
In the application of the angular distribution measurement to chromate layers on Cr plated steel, marked

‘effects of the thickness of oxidized layer and the roughness of steel surface are found.

It is shown that the

effect of thickness is independent of take-off angle, and that the effect of roughness can be eliminated by

using an empirical equation.

Key words : surface analysis ; X-ray photoelectron spectroscopy ; depth analysis ; Cr plated steel ; low

carbon steel ; iron oxide.
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Fig. 1. Method of XPS angular distribution
measurement.
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Fig. 3. O 1s peak positions after two references
for various iron oxides.
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Table 1. Angular dependence of Fe2p3/2 oxide
peak position obtained for Fe;0, layer (No. 1) and
FeO layer (No. 2).

Bake out Before bake out After bake out
Take off angle 90° 10° 90° 10°
No. 2 FeO 710.6 710.7 709.5 709.5
No. 1 Fe304 710.3 710.5 710.3 710.3
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Fig. 5. Fe2p3/2 spectrums obtained for FeO and
Fe30, layers after baking in high vacuum (4=90°).
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Fig. 6. Fe2p3/2 oxide spectrums obtained for
Fe,03/Fe;0, layer formed on a low carbon steel by
annealing 400°CX42 h in air.
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Fig. 7. Angular distributions of Cr2p3/2 (oxide)
/Cr2p3/2 (metal) intensity ratio for oxide film of
tin free steel.
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Fig. 8. Angular distributions of Cu2p3/2/
Fe2p3/2 intensity ratio for a cupper deposite on
steel.

Table 2. Variation of Cu2p3/2/Fe2p3/2 intensity ratio with take off angle and thickness of deposited Cu

layer. -
Take off angle 4 10 20 30 40 50 60 70 80 90
A; Cu/Fe thin film 6.24 4.84 3.48 2.82 2.53 1.87 2.11 1.67 1.93
B; Cu/Fe thick film 8.24 5.30 4.34 3.36 2.52 2.37 3.34 2.42 2.26
B/ A ratio 1.32 1.10 1.25 1.19 1.00 1.27 1.58 1.45 1.17
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A (@) and B (g ) represent Cu2p3/2/Fe2p3/2 intensity ratios
obtained for § variation parallel to and perpendiculer to the
polished grooves, respectively.

Fig. 9. Relationship between A( 4 )/B(8) ratio
in Fig. 8 and sin® 6.
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Fig. 10. Angular distributions of Cu3/2/Fe3/2

. intensity ratio for a cupper deposite on steel.
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Fig. 11. Correction of surface roughness in angu-
lar distributions Cr ox/Cr met ratio for tin free
steel.
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Fig. 12. Schematic representation of simple

periodic surface with photoelectron emission.
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specimen®.
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