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Abstract Designed system of coupling laser plasma emission light into optical fiber can improve efficiency of
coupling plasma emission light into optical fiber and decrease system size simultaneously, which can provide
hardware basis for the application of laser induced breakdown spectroscopy (LIBS) to fast, field, in—situ material
composition analysis. The coupling system consists of three lenses. The first single lens is used to collimate the light
emitted from plasma and the reversed telephoto consisting of the other two lenses is used to couple the collimated
light into optical fiber. Coupling efficiencies of the system are all above 92% at the analysis wavelengths of Pb, Cu,
Ni, Cr and Cd. The diameter of the system aperture is less than 6mm and the total length of the system is less than
30 mm. The coupling system is used to detect Cr in soil and Pb in sludge from a lead battery factory, which is
compared with the methods of using double lenses collecting system and using fiber only. It is proved that the
characteristic spectral lines obtained by coupling system could be more obvious and easier to recognize, limits of
the detection of elements would be lower and the spectral datum could be more stable, which could be in favor of
subsequent spectral lines analysis and the concentration computations of elements.
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Fig.1 Principle of coupling plasma emission light into optical fiber
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Table 1 Structure parameters of coupling system

Lens surface Surface radius /mm Thickness /mm
1 29.8 2.0
2 -12.7 0.5
3 -9.4 2.1
4 -14.7 12.9
5 8.3 3.0
6 -29.2 -
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Fig.2 MTF of coupling system and double lenses collecting system. (a) MTF of coupling system; (b) MTF of double lens
collecting system
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Table 2 Analysis lines of elements and corresponding distances between coupling system and optical fiber

Element Analysis wavelength /nm Distance between system and fiber /mm
Cd 214.441 6.0
Cu 324.754 7.2
Ni 352.454 7.3
Pb 405.78 7.5
Cr 427.48 7.6

MR 2 2 BHE , Zemax Y22 B T AR AFEF S L R 8] 40 B 26 4 AT DL AA 624 R B RDOCEF R & 808 TR
ZERL L EPX BRSO BTN R MR KRR A R GRS ROR 5 XGE B E R GRS ORI AT R
ISR

§ 100 B/E_B_EI_EI
>

2 80

Q

b= 60

(]

o0 40

= ——double lenses

g‘ 20 —=—coupling system

&)

0 L
214.44 352.45 427.48
Wavelength /nm

3 TR} 53 B e e I Ak wi A i 4 D T R A5 2808
Fig.3 Coupling efficiencies obtained by two collection methods at different analysis wavelengths
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Table 3 Structure parameters of double lenses collecting system

Lens surface Surface radius /mm Thickness /mm
1 49.9 4.0
2 Infinity 10.0
3 12.2 3.0
4 -12.2 -
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Fig.4 Spectral intensities and signal to noise ratios obtained by two collection methods. (a) Signal intensities; (b) SNR
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Fig.5 Calibration curves of Cr in soil obtained by two collection methods. (a) Calibration curve obtained by double lenses
collecting system; (b) calibration curve obtained by coupling system
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Table 4 Limits of detection of Cr obtained by two collection methods

Collection method Limit of detection /ppm Correlation coefficient
Double lenses 55.2 0.963
Coupling system 453 0.987
PSR T7 20T T A3 0l 35 B30 76 8% O0 3R 73 A 2k 427.48 nm 3T B 'G5 B A 18T 6 i /i o
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Fig.6 Spectrums near 427.48 nm obtained by two collection methods. (a) Spectrum obtained by double lenses collection system lens;
(b) spectrum obtained by coupling system
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Fig.7 Samples of sludge containing Ph
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Fig.8 Contrast of data analysis of spectrums obtained by three collection methods. (a).(d).(g) Data analysis of spectrums obtained
by optical fiber; (b).(e).(h) data analysis of spectrums obtained by double lenses collecting system; (¢).(f) (i) data analysis

of spectrums obtained by coupling system
I E SRR A T 4, FLARCE PR AT 2 T o (FR M & RGO A% EaR (A TRt — 4R, R AR E
Pt el o 5 B dOEIE BRI 4R B A R 5 PR
# 5 =R Oy UBT RO S B o B A 2R g

Table 5 Summary of the results of analyzing the spectrums obtained by three collection methods

Fiber Double lenses Coupling system
Average of intensity 252.59 386.18 498.36
Average of SNR 93.07 121.23 125.93
Average of correlation coefficient 0.892 0.95 0.968
Standard deviation of intensity 193.49 173.44 166.66
Standard deviation of SNR 55.54 48.04 41.36
Standard deviation of correlation coefficient 0.192 0.042 0.022
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