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Emission Characteristics of Laser Ablation~Hollow Cathode Helium Glow Discharge Source and
the Measurement of Carbon in Steel Sample

Hideyuki MATSUTA

Synopsis : Emission characteristics of the laser ablation-hollow cathode helium glow discharge source were examined. It was found that one of the

major excitation mechanisms of atomic emission lines having excitation energies of around 3 eV is collisions of electrons with analyte atoms,

and that the collisions between sample atoms and metastable helium atoms in the glow discharge plasma play an important role in the excita-

tion of emission lines having excitation energies larger than 4 eV. Emission peaks of atomic helium and carbon contaminants were sufficiently

suppressed by the present method, i.e. simply subtracting the emission spectrum with glow discharge alone from the spectrum with both glow

discharge and laser ablation. Since it is possible to distinguish between atomic emission spectrum of carbon contained in a steel sample and

the spectrum of carbon contaminants in the plasma gas, the response time for the analysis of carbon will be shortened using the present

method.
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Fig. 1. Schematic diagram of the experimental system.

Table 1 Components and operating parameters for experi-
ments.

Laboratory constructed Grimm-style glow
discharge lamp! was diverted, where anode:
Hollow cathode He glow
. sample plate, cathode: brass hollow electrode
discharge plasma source ) )
(inner diameter: 8 mm), discharge voltage:
around 200 V
Model PAD 1K-0.2L, Kikusui Electronics

Corp., Japan

DC power supply

Current limiter Laboratory constructed?'
MS3504, Solar TII, Japan

Focal length: 350 mm

Spectrograph
Grating: 2400 grooves/mm
Entrance slit width: 50 pm
DH-501-18F-03, Andor Technology, UK
1ICCD detector

Exposure time: 3or 5 s

Photomultiplier (PMT) R-955, Hamamatsu Photonics, Japan

Pre-amplifier (C6438-01, Hamamatsu Photonics, Japan

Digital oscilloscope CORS5501, Kikusui Electronics Corp., Japan
Series 210S, LIGHTWAVE electronics, USA

Wavelength: 1064 nm

LD pumped Nd:YAG laser

Repetition rate: 1 kHz

Quartz focusing lens

Plano-convex, f= 170 mm

Quartz optical fiber

Length: 0.50r3.5m

Laser power meter

3A-P-CAL thermal head and Nova display,
Ophir Japan, Japan

Rotary pump

SD-2010, ALCATEL, Japan

Pressure gauge

Pirani gauge: Model WP-01, ULVAC, Japan
Capacitance manometer: CCM-1000, ULVAC, Japan

Plasma gas

He (99.9995%)

Sample

Cu plate (99.9%), Fe standard sample: GK-1014
(0.827 mass% C)
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Fig. 2. Emission spectra of Cu: (a) with laser irradiation,
(b) measured after further laser exposure of 1 min.
After recording (b), laser irradiation was interrupt-
ed for 5min and, (¢) measured with laser irradia-
tion. Exposure time of ICCD: 3 s.
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Fig. 3. Emission intensities of Cull224.7nm at different
irradiation position of laser on Cu sample surface.
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Fig. 4. Dependence of Cull 224.7nm emission intensity
on the repetition rate of laser (peak power of pulsed
laser).
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Fig. 5. Emission intensity change of Cull 224.7 nm over
the passage of time, where ablation laser beam was
scanned in a 0.6 mmXx0.6 mm area on Cu sample
surface.
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Fig. 6. Dependence of the emission intensities of Cu
atomic lines having excitation energy between 5
and 7¢V on the He pressure, where Cu atomic
lines emitted from brass hollow cathode were sub-
tracted.
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Table 2 Assignments of emission lines having excitation
energies at around 3 eV level, and the ratios of
emission intensities at glow discharge currents of
200 and 25 mA.

Assignments

Wavelength / nm 1200 ma/ 125 ma

Table 4 Assignments of emission lines having excitation
energies at around 6eV level, and the ratios of
emission intensities at glow discharge currents of
200 and 25 mA.

Assignments

Wavelength / nm La00ma/ 1 25 ma

Upper / eV Lower/eV Upper / eV Lower / eV
Cul 3248 4p *P3,(3.82) 4s2S,,5 (0.00) 7.44 Cul 2215 4pPys  (6.99)  4s’Dss (1.39) 1.01
Cul 3274 4p°P12(3.79) 4528, (0.00) 7.78 Cul 2230  4p%Fsp  (695)  4s’Dsn(1.39) 3.25
Cul 5106 4p ’P3, (3.82) 45 D5 (1.39) 6.73 Cul 2294  6p°Pyx (6.79)  4s°Dsp(1.39) 0.89
Cul  237.0  4f°Fsy (6.87)  45°Ds,(1.64) 1.02
. - . . o Cul 2393  6p°P 6.82 45 D3, (1.64 0.46
Table 3 Assignments of emission lines having excitation ! ? p’ v (68 N 2 (164
energies at around 4-5eV level, and the ratios of Cul 2618  5p°Pi232(6.12)  4s7Dsp (1.39) 0.32
emission intensities at glOW discharge currents of Cul 276.6 5p 2p1/2‘3/2 (6.12) 4s 3[)3/2 (1.64) 0.38
200 and 25 mA. ) 5 5
Cul 5153 4d "Dsn  (6.19) 4p “P1» (3.79) 1.88
) , Assignments Cul 5218  4d°Dsp  (6.19)  4p°P3,(3.82) 2.04
Wavelength / nm Laooma/ 125 ma
Upper / eV Lower / eV
2 2,
Cul 2165 4p'Dsn(5.72) 457812 (0.00) 2:45 Table 5 Assignments of emission lines having excitation
Cul 2179  4p?P3»(5.69) 4578, (0.00) 2.16 energies at around 7eV level, and the ratios of
. 4 2 emission intensities at glow discharge currents of
Cul 2442 4p "Py,(5.08) 4s “S12 (0.00) 1.38 200 and 25 mA.
Cul 2492  4p*P3»(4.97) 4578, (0.00) 2.47
2 2 Assignments
Cul 282.4  4p D5 (5.78) 4s "Ds;» (1.39) 2.08 Wavelength / nm & 100 ma’ 1 25 ma
Cul  296.1 4p?F;n(5.57) 452Dsp (1.39) 3.06 Upper / eV Lower/eV
Cul 2997 4p ZDS/Z (5.78) 4s sz (1.64) 281 Cul 2200 4p sz (7.28) 45 “D3p (1.64) 2.10
Cul 3011 4p®Ds»(5.51) 452Dy, (1.39) 3.45 Cul 2228 4p’Fsp  (721)  4s'Dsn(1.64) 1.59
Cul 3036  4p°Dyn(5.72) 452Dys (1.64) 298 Cul 2263 7p°Piz  (7.12)  4s’Dsp (1.64) 0.82
Cul 3063 4p®Pin(5.69)  4s’Dyn(1.64) 131 Cul 3512 7d°Dynsn (7.35)  4p°P3n(3.82) 178
Cul 3074 4p°Fs,(5.42) 45 ’Dsp (1.39) 2.86
Cul 3094 4p'Dsp(5.39 45Dy (1.39) 2.54 < g oo
P (39 4 Dy B, EOKEGHEH KT & o T 2 AR 1B
Cul 3530 4p*Fsp(5.15) 4s "Dy (1.64) 1.73
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Fig. 7. Dependence of the emission intensities of Cu

atomic lines emitted from brass hollow cathode on
the He pressure.
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Fig. 8. (a) Laser-induced plasma emission spectrum of Cu
in He atmosphere of 930 Pa (7 Torr), (b) emission
spectrum of Cu in He glow discharge plasma of
930 Pa (7 Torr), where discharge current: 25 mA.
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Fig. 9. Time evolution of the emission signal of Cul 324.8
nm with and without He glow discharge plasma
(discharge current: 200 mA) after irradiation of ab-
lation laser. He pressure: 930 Pa (7 Torr).
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Fig. 10. Time evolution of the emission signal of Cull
224.7nm with and without He glow discharge
plasma (discharge current: 200 mA) after irradia-
tion of ablation laser. He pressure: 930Pa (7
Torr).
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Fig. 11.(a) Emission spectrum of Cul and Hel, (b)
processed spectrum by the present method, (c)
processed spectrum by the formerly reported
method.”
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Fig. 12. (Upper) Emission spectrum of Cu in 40Pa (0.3
Torr) CO, and 930Pa (7Torr) He; (Middle)
processed spectrum by the present method;
(Lower) emission spectrum of Cu in 930Pa (7
Torr) He. Middle and lower spectra were magni-
fied S times.
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Fig. 13. Dependences of emission intensities of CI1 193.03
nm on He pressure (discharge current: 200 mA);
and discharge current (He pressure: 930 Pa).
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Fig. 14. Emission spectra of steel sample: (a) with He
glow discharge alone; (b) with He glow discharge
and laser irradiation for ablation.
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