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Quantitative In-depth Analysis of Iron Oxide Films
by Glow Discharge Spectrometry

Ken-ichi SUZUKI, Shigeru SUZUKI, Akira FURUKAWA and Ken-ichi TAKIMOTO

Synopsis :

A method for the quantitative analysis for oxide films. on steels with glow discharge emission spec-
trometry(GDS) was examined. The sputtering rate and the light intensities were measured with standard
samples with oxide films of known composition or known composition and thickness, and apparent emission
yields (R,) for elements were determined. By converting the light intensities to the sputtered amount with
the R,’s for an interval in a sputtering profile in an unknown sample, the composition can be obtained from
the amount ratio of sputtered elements. The sputtering depth can be calculated from the sputtered amount
divided by the density of each element for the sputtering time. The apparent density of oxygen for the
depth conversion was estimated to be 1.82 from measurements of standard samples with oxide films of
known composition and thickness. The results analyzed by the present method were in consistency with
those obtained with another method. The present analysis involves little matrix effect, and facilitates the
quantification of the sputtering depth which is difficult to obtain in AES, XPS and SIMS.

Key words : surface analysis; in-depth analysis; glow discharge spectrometory; emission yield; oxide film;

iron oxide.
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Table 1. Chemical composition of the sample (wt% ).
Sample C Si Mn P S Al Cr Ti (6]
A 0.005 0.013 0.25 0.014 0.018 0.091 0.02 0.07
B (Sample A oxidized in air at 873 K for 600 s)
C (Sample A oxidized in air at 1 073 K for 600 s)
D 1.41 2.11
E 2.59 1.25
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Cross-sections of Fe oxide layers on

Table 2. Wavelength of analytical lines.
Line Wavelength(nm)
0l 130.217
Fel 371.994
Crl 425.435
Ni | 341.477
Sil 288.158
Mnll 257.610
Till 337.280
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Fig. 2. Relation between discharge characteristics
(current and practical voltage) and sputtering rate
of Fe and Fe30,.
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- . . . . . | . ) characteristics (current and voltage)
O0 20 40 60 00 20 40 and emission intensity of Fe and
Electric power (W) Fe304.
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Fig. 4. GDS profile of the sample B.
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Table 3. Comparison of sputtering rate (g,,, 10 *kg m™
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s~ !) and apparent emission yield ( Ry, 10V kg™ 'm%s).
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Fig. 5. Depth profiles of sample B and C.
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Fig. 6. Depth profile of a Fe;03/Si.
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Table 4. Relative depth resolution on oxide/metal
interface.

Sample Z(pm) AZ (pm) Az/z
B 5.7 1.4 0.25
Fey03/Si 0.87 0.22 0.25
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Fig. 7. Depth profiles by GDS and AES of SUS
304 oxidized in air at 873 K for 600 s.
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