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Advance in the Excitation Source in Glow Discharge Optical Emission Spectrometry

Kazuaki WAGATSUMA

Synopsis : A Grimm-style glow discharge is now an important excitation source in atomic emission spectrometry, especially for direct analysis of solid

samples. Many studies have been conducted for enhancing the emission intensities from the source and thus improving the detection sensitiv-

ity in the analytical applications. This review introduces several improved Grimm-style excitation sources. The techniques employed in such

sources include the modification of the source geometry, supplementary discharges caused by d.c. or microwave powers, and methods for

controlling the glow discharge plasma. Improvement in the analytical performance is presented when they are compared with a conventional

Grimm-style glow discharge source.
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Fig. 1. Schematic diagram of the voltage distribution in an
idealized plasma produced in a glow discharge
source having parallel-arranged electrodes.
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Fig. 2. Schematic cross-section diagram of a Grimm-style
glog) discharge emission source. After Wagatsu-
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Fig. 3. Spectral scans of Cu in the wavelength range from
210 to 300 nm excited with Ar (a), Ne (b), and N, (c).
The lines due to N, gas are marked with asterisks.
After Wagatsuma®),
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Fig. 4. Simplified energy diagram of Cu together with
metastables of Ar, Ne, and He.
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Table 1. Analytical results of alloyed elements in commer-
cial stainless steels. After Wagatsuma™®.

Sample Atomic Ratio
Mn/Fe Ni/Fe Cr/Fe Mo/Fe
SUS-410L (0.010)* (0.001) (0.163) (0.001)
0.014+0.001 N.D. 0.179+0.008 N.D.
SUS-430 (0.010) (6.005) (0.230) (0.001)
0.015+0.002 N.D. 0.254+0.012 N.D.
SUS-304 (0.029) (0.249) (0.342) (0.003)
0.03110.001 0.24240.012 0.353+40.013 N.D.
SUS-304 (0.025) (0.127) (0.304) (0.002)
0.026+0.021  0.119+0.008  0.315+0.020 N.D.
SUS-304L (0.025) (0.156) (0.306) (0.002)
0.026+0.002 0.149+0.007 0.319+0.019 N.D.
SUs-321 (0.024) (0.140) (0.279) (0.002)
0.024+0.002 0.13340.008 0.307+0.017 N.D.
SUS-316 (0.022) (0.161) (0.290) (0.020)
0.018+0.001 0.154+0.007 0.279+0.016 0.024+0.002
SUs-316 (0.029) (0.051) (0.269) (0.023)
0.028+0.002 0.13840.008 0.283+0.016 0.028+0.002
SUS-316L (0.027) (0.222) (0.300) (0.024)
0.024+6.003 0.209+0.007 0.319+0.019 0.03140.004
SUS-308S (0.030) (0.236) (0.426) (0.002)
0.036+0.003 0.22040.011 0.46740.029 N.D.

*) Values in parentheses denote atomic ratios calculated from the recom-
mended values.
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Fig. 5. Quantitative depth (Proﬁle of Zn-Fe-alloy coated
steel. After Payling®.
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Fig. 6. Quantitative depth profile of mild steel oxidized at
873 K (a) and at 1073 K (b). After Suzuki®?.
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Fig. 7. Sputtering time dependence of the emission inten-
sity ratio (Cr/Fe) for a nitrided surface (filled cir-
cle) and an as-polished surface (open circle) of Fe—
26.8%Cr alloy sample. After Wagatsuma®",
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Fig. 8. Schematic diagram of a glow discharge emission
source with secondary discharge electrodes. After
Lowe™®.
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and a d.c. voltage modulation
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Fig. 13. Spectra of Cu resonance lines obtained with a conventional
amplification method ga) and the voltage modulation method
(b). After Wagatsuma®®.
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Fig. 15. Variations in the emission intensity of Ni I 352.45nm (a) and the negative bias voltage (b) as a function of d.c. bias cur-
rents. R.f. forward power: 50 W (inverse triangle), 60 W (square), 70 W (triangle), and 80 W (circle). After Wagatsuma®”.
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Fig. 16. Spectra of a Fe—-0.98 mass% Cr sample in the
wavelength range of 422.4432.0nm measured
with d.c. bias current of 28.5 mA (a) and no bias
current (a). After Wagatsuma®®.
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Table 2. Statistical data on the calibration curves obtained
for Cr1 425.43 nm in Fe—Cr binary alloy standard
samples. After Wagatsuma’".

d.c. bias current detection calibration curve detection limit”
conducted” (mA) method Slope  RSD(%) R* (m/m %)

0 conventional 107  0.9-1.3 0.9981 1.7x10?
27.8(245Hz)  conventional 917 0.2-0.4 0.9994 2.2x10°
27.8(245 Hz) lock-in 1689 0.2-0.5 0.9979 8x10*

a) R.f. power: 80 W; Ar pressure: 332 Pa (2.5 Torr). b) chromium content
corresponding to three times the standard deviation of background fluctua-
tions measured at 424.5 nm.
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