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Improvement of the Detection Limits in Radio-frequency-powered Glow Discharge
Optical Emission Spectrometry Associated with Bias-current Conduction Method

Kazuaki WAGATSUMA

Synopsis : A d.c. bias current driven by the self-bias voltage which is conducted through the r.f.-powered glow discharge plasma varies the emission

characteristics drastically, leading to improvement of the detection power in the optical emission spectrometry. By conducting the bias cur-

rents of 20-30 mA, the emission intensities of the atomic resonance lines were 10-20 times larger than those obtained with conventional r.f.-

powered plasmas. The detection limits for determination of alloyed elements in the Fe-based binary alloy samples were estimated to be
1.6X107%% Cr for Crl 425.43nm, 7X10 *% Mn for Mnl 403.10nm, 1.9X107% Cu for Cul 327.40nm., 1.1X107°% Al for All

396.16 nm, and 6.6 X 1073% Ni for Nil 352.45 nm.

Key words: optical emission spectrometry; radiofrequency-powered glow discharge plasma; conduction of d.c. bias current; self-bias voltage; detection

limit.
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Fig. 1. Schematic diagram of bias-current controlled r.f. glow discharge plasma excitation source.
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Table 1. Analytical emission lines employed

(a) Fe—Cr Cr142543nm
(b) Fe—Mn Mn [403.10nm
(c) Fe—Cu Cul327.40nm
(d) Fe-Al Al1396.16nm
(e) Fe-Ni Ni1352.45nm
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Fig. 3. Variations in the emission intensity of Cr1425.43 nm line (a) and the negative d.c. bias voltage (b) as a function of the d.c.
bias current conducted. R.f. forward power: 80 W: Ar pressure: 320 Pa (2.5 Torr); sample: Fe—5.99mass%Cr alloy.
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Fig. 4. Plots of the signal-to-background ratio (a) and the relative standard deviation (b) regarding the intensities of Cr1425.43 nm

line as a function of the d.c. bias current conducted. The background intensities are measured at 425.2 nm,

and the relative

standard deviations are estimated for 4-5 replicates. The measuring conditions are the same as in Fig. 3.
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Fig. 5. Calibration curves of the emission intensity of Crl
42543nm measured at d.c. bias currents of
34.0mA (square), 19.9mA (triangle), and 0 mA
(circle). R.f. forward power: 80W; Ar pressure:
320 Pa (2.5 Torr); sample: FXS Fe-based binary al-
loys (The Iron and Steel Institute of Japan).
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Table 2. Statistical data on the calibration curves obtained
for Cr1425.43nm in Fe-Cr binary alloy standard
samples.

Calibration curve

r.f. power d.c. bias current Detection limit*

0,
(W) conducted (mA) Slope RSD (%) R’ (mass%)
80 0 107 0.9-1.3 0.9981 1.7X1072
80 19.9 652 0.4-0.6 0.9998 3.1x1073
80 34.0 1104 04-0.5 0.9996 1.6x1073

Mchromium content corresponding to three times the standard deviation of
background fluctuation measured at 424.5 nm.

Table 3. Statistical data on the calibration curves ob-
tained for alloyed elements in Fe-based binary

alloy standard samples.

Calibration curve

r.f. power d.c. bias current Detection limit*

(W) conducted (mA) Slope RSD (%) R (mass%)
(a) Fe-Mn
80 0 84 1.0-1.9 0.9989 1.4x1072
80 34.0 1748  0.2-0.5 0.9999 7X1074
(b) Fe—Cu
80 0 35 1.1-2.7 09991 1.8x1072
80 34.0 518 0.3-0.7 0.9999 1.9%x1073
(c) Fe—-Al
80 0 54 0.9-1.2 0.9991 1.5%10°2
80 33.7 1047 0.3-0.7 0.9996 1.1x1073
(d) Fe—Ni
80 0 36 1.3-1.7 0.9996 2.5%10°2
80 34.2 274 0.6-0.9 0.9997 6.6X1073

fcontent corresponding to three times the standard deviation of back-
ground fluctuations measured at 402.8 nm (Mn), 327.7 nm (Cu), 395.8 nm
(Al), 352.9 nm (Ni).
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