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Improvement of the Sensitivity and Precision in the Quantitative Analysis
by Glow Discharge Optical Emission Spectrometry

Kazuaki Wagatsuma

Institute for Materials Research, Tohoku University, Katahira 2—1-1, Aoba, Sendai 980-8577, Japan

This paper describes an advanced excitation source and the detection technique for the emission signal to improve
the sensitivity and precision in glow discharge optical emission spectrometry. In an rf-powered glow discharge plasma,
introduction of dc currents driven by the self-bias voltage can contribute to enhancement of the emission intensities and
thus better detection limits in the quantitative analysis. Modulation of the bias voltage is also an effective technique to
improve the detection limits, because the emission intensities can be estimated at very low noise levels with a lock-in
amplifier. Further, a criterion for determining the optimum analytical lines is presented, which indicates that the

selection of the plasma gas is the most important.
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Fig. 1. Schematic diagram of bias-current controlled rf glow discharge plasma excitation source!'?.
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Fig. 2. Variations in the emission intensity of Ni I 352.45 nm (a) and the negative bias voltage (b) as a function of
dc bias current conducted in rf discharges of 50 W (inverse triangle), 60 W (square), 70 W (triangle), and
80 W (circle)V. Sample: nickel plate; Ar pressure: 400 Pa.
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Fig. 3. Spectra of a Fe—0.98 mass% Cr sample in
the wavelength range from 422.4 to 432.0
nm measured with dc bias current of 28.5
mA (b) and no bias current (a){™. Ar pres-
sure: 330 Pa; rf discharge forward power: 80
w.
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Fig. 4. Variations in the emission intensity of Cr I 425.43 nm (a) and the negative dc bias voltage (b) as a function
of the dc bias current conducted(!?. Rf forward power: 80 W: Ar pressure: 320 Pa; sample: Fe—5.99 mass%
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Fig. 6. Calibration curves of the emission intensity
of Cr I 425.43 nm measured at dc bias cur-
rents of 34.0 mA(square), 19.9mA (tri-
angle), and 0 mA (circle)™. Rf forward
power: 80 W; Ar pressure: 320 Pa; sample:
Fe-based binary alloys (FXS series, The
Iron and Steel Institute of Japan).
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Table 1 Statistical data on the calibration curves obtained for Cr I 425.43 nm in Fe—Cr binary alloy

r.f. power d.c. bias current calibration curve detection limit®
(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 0.40.5 0.9996 1.6x1073

measured at 424.5 nm.

1) chromium content corresponding to three times the standard deviation of background fluctuation
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Table 2 Statistical data on the calibration curves obtained for alloyed elements in Fe-based binary alloy
standard samples.

r.f. power d.c. bias current calibration curve detection limit¥*
(W) conducted (mA) slope RSD (%) R? (mass%)
(a) Fe-Mn
80 0 84 1.0-1.9 0.9989 1.4Xx1072
80 34.0 1748 0.2-0.5 0.9999 7 X10™*
(b) Fe—Cu
80 0 35 1.1-2.7 0.9991 1.8x 1072
80 34.0 518 0.3-0.7 0.9999 1.9x 1073
(c) Fe-Al
80 0 54 0.9-1.2 0.9998 1.5%x107?
80 337 1047 0.3-0.7 0.9996 1.1x1073
(d) Fe-Ni
80 0 36 1.3-1.7 0.9996 2.5x107?
80 34.2 274 0.60.9 0.9997 6.6X1073

1) content corresponding to three times the standard deviation of background fluctuation measured at
402.8 nm (Mn), 327.7 nm (Cu), 395.8 nm (Al), and 352.9 nm (Ni).
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Fig. 7. Schematic block diagram of the experimental apparatus for bias-voltage controlled rf glow discharge
lamp®?.
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Fig. 8. Emission intensity of Ni I 352.45 nm measured with a dc amplifier (a) and with a DSP lock-in amplifier (b)
as a function of negative dc voltage (peak-to-peak) applied to an rf discharge of 70 W9, Sample: nickel
plate; Ar pressure: 400 Pa; modulation frequency: 250 Hz.
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Fig. 9. Time dependence of the negative bias volt-
age (b) and the emission intensity of Ni I
352.45 nm (c) recorded by use of the A/D
converter when a negative dc voltage of 550
V (solid line) and no dc voltage (dotted
line) is superposed on an rf forward power
of 60 W9, Sample: nickel plate; Ar pres-
sure: 400 Pa; modulation frequency: 250 Hz;
self-bias voltage: 264V at the 60-W 1f
discharge alone; A/D sampling interval: 5
usec; low-pass filter: 10 kHz.
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A/D converter at the modulation frequen-
cy of 4kHz (a), 2kHz (b), and 200 Hz
(c) when a negative dc voltage of 200V
(peak-to-peak) (solid line) and no dc volt-
age (dotted line) is applied to an rf dis-
charge of 60 W%,  Sample: nickel plate;
Ar pressure: 400 Pa; self-bias voltage: 261
V at the 60-W rf. discharge alone; A/D
sampling interval: 1usec (a), (b) and 10
usec (c); low-pass filter: 100 kHz (a), (b)
and 10 kHz (c).
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Table 3 Statistical data on the calibration curves obtained for Cu I 327.40 nm in Fe~Cu binary alloys.

calibration curve

Arx pressure  DC voltage detection detection limit®
(Pa) applied® (V) method slope RSD (%) R? (mass%)
400 0 conventional 36 0.8-3.2 0.9997 2.2X107?
800 0 conventional 121 1.1-1.6 0.9973 6.6 X103
400 500 conventional 102 0.5-1.8 0.9992 1.3x107?
800 450 conventional 447 0.2-1.1 0.9984 2.6X1073
400 500 (245 Hz) lock-in 161 0.2-1.6 0.9994 1.8x 1073
800 450 (245 Hz) lock-in 603 0.1-0.5 0.9979 8 x10™*

ground fluctuations measured at 327.7 nm.

a) R.f. power: 70 W. b) copper content corresponding to three times the standard deviation of back-
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Fig. 11. Simplified energy level diagram of fluorine

atom, together with the metastable levels
of argon and neon atom®?,
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Fig. 12. Spectral scans of atomic fluorine emitted
by an Ar (a) and a Ne plasma (b)?. Sam-
ple: 6.9 atomic% F—-Cu pellet. Discharge
conditions: Ar 4.0X10%>Pa/450V, Ne 5.3

X 10? Pa/700 V.
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Fig. 13. Variations of the emission intensities of F I
685.602 nm (a) and F II 402.473 nm (b)
excited by an Ar plasma (circle) and a Ne
plasma (square) as a function of the dis-
charge voltage?®. Sample: 6.9 atomic% F-
Cu pellet. Plasma gas: Ar 3.6 X 10% Pa and
Ne 5.0 X 10? Pa.
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Fig. 14. Plots of the intensity ratios: F I 685.602/
Cu I 510.554 (square) and F II 402.473/
Cu I 510.554 (triangle), against the fluo-
rine content’®. Discharge conditions: Ne
5.0X10% Pa/900 V.
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Fig. 15. Calibration curve of the intensity ratios:
Cu I 324.75/Fe 1 344.16 (circle), Cu I
327.40/Fe 1 344.16 (square), and Cu II
224.70/Fe 1 344.16 (triangle)®. Dis-
charge voltage/current: 500 V/40 mA; Ar
pressure: 530 Pa.
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Fig. 16. Variation in the intensity ratios: Cu I 324.75/Cu I 327.40 (triangle), Cu I 510.55/Cu I 327.40 (square),
and Cu II 224.70 /Cu I 327.40 (circle), as a function of the discharge voltage®®. Sample: copper plate
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Fig. 17. Calibration curve of the intensity ratios:
Cu I 324.75/Fe 1 344.16 (circle), Cu I
327.40/Fe 1 344.16 (square), and Cu II
224.70/Fe 1 344.16 (triangle), obtained
with a Ne plasma®. Discharge voltage/
current: 800 V /11.5 mA; Ne pressure: 660
Pa.
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