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Analysis of Thin Electroplated Layers by the Bias-current Controlled
R.F. Glow Discharge Optical Emission Spectrometry

Noboru Y AMASHITA, Fumio HIRAMOTO and Kazuaki W AGATSUMA

Synopsis : In radio-frequency glow discharge optical emission spectrometry (r.f. GD-OES), a bias-current conduction technique has been successfully

applied to the analytical application with higher detection sensitivity. The d.c. bias current can introduce a great many electrons into the plas-

ma, thus leading to an enhancement in the emission intensities through the collisional excitations, whereas the sputtering rate is reduced due

to the decreased d.c. bias voltages. This feature can be utilized to improve the information depth in depth profiling by r.f. GD-OES, because

of the lower sampling rate as well as the better sensitivity. When nickel electroplated steel sheets were analyzed, the integrated intensities in-

creased by a factor of 30 or more. The information depth in the coating weight analysis could be reduced about 20-fold, compared to that ob-

tained with the conventional measurement.
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Table 1. Analytical conditions.
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apparatus Rigaku System 3860
diameter of anode 4 mm
Ar flow rate 200 ml/min
Ar pressure 400 Pa
r.f power 40 W (maximum 200 W)
frequency 13.56 MHz
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Fig. 1. Variations in the emission intensity of Nil 341.48 nm line (a) and the negative d.c. bias voltage (b) as a function of the d.c.

bias current.
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Fig. 2. Depth profiles of electroplated nickel layer measured with a bias-current controlled r.f. glow discharge spectrometry (a) and
with a conventional r.f. glow discharge spectrometry (b).
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Fig. 3. Relationship between the integrated intensity and

the coated weight of Ni obtained with a bias-cur-
rent controlled r.f. glow discharge spectrometry (a)
and with a conventional r.f. glow discharge spec-
trometry (b).

Table 2. Integrated intensity of Nil 341.48 nm.

Ni coating weight

Integrated intensity of Ni I 341.48nm

(&/m? Bias-Current Controlled Conventional R.F.
R.F. Glow Discharge Glow Discharge
0.118 3.64 0.11
0.572 21.7 0.57
2.24 73.3 2.1
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Fig. 4. Cross section of sputtered crater obtained by a bias-current controlled r.f. glow discharge (a), and by a conventional r.f.

glow discharge (b).

Table 3. Comparison in detection limits.

Conventional R.F.
Glow Discharge

Bias-Current Controlled
R.F. Glow Discharge

Constant of calibration curve : a 0.031 1.07
Integrated Time (sec) # 1.5 0.7
Og 3.69x10° 2.72x10°
Detection Limit 3 3
0.34x10 8.7x10

(g/m?)

#) Each integrated section is set to be the width of profile measured at Ni I 341.48 nm
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