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Abstract Femtosecond laser induced breakdown spectroscopy (fs—LIBS) is employed to analyze Cu—Al sputtered

The composition difference between the thin films and corresponding targets is compared as well. Additionally,
quantitative analysis

depth profiling is carried out for AlsCus; thin films using fs—LIBS combined with a synchronous real-time reflectivity

1

thin films. The laser induced plasma spectra at different delay time (0~1000 ns) and gate width (100~1000 ns) are
obtained. The Stark broadening effects are analyzed for the Al I line at 396.2 nm. Quantitative component analysis

for the thin films is carried out with the calibration curve (CC) and the calibration free (CF) method, respectively
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monitoring sub—system. An average ablation depth of 90 nm per pulse is observed at the laser energy of 0.2 mJ
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Fig.1 Experimental setup of fs—LIBS
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Table 1 Composition of Cu—Al alloy targets

Nominated: Al /%(atom fraction) EDS: Al /% (atom fraction)
Target 1 51 49
Target 2 67 64
Target 3 76 70
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Fig.2 Stark broadening effect of A1 1396.2 nm at different delay time. (a) Spectrogram; (b) fitting diagram
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Table 2 Electron density of plasma at different delay time

Delay time /ns 50 100 150 200
AXg,, /mm 0.5 0.4 0.36 0.32
N, /(107 cm™) 2.1 1.7 1.5 1.33
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Fig.3 (a) Fs=LIBS spectra of AlgCuss films (delay time is 0~1000 ns, gate width is 100 ns);

(b) real-time reflectance during laser—induced breakdown
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Fig.4 Breakdown spectra of Al 1394.4 nm, 396.2 nm of Al,Cus, films. (a) Delay time: 0~1000 ns, gate width: 100 ns;
(b) gate width: 100~1000 ns, delay time: 100 ns
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Fig.6 Ratio of I ,,/l,, 4 vs. number of shots for Alg;Cuss thin films
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Fig.7 Reflectivity change vs. number of shots for Alg;Cus; thin films, the inset shows the surface profile after irradiation of 5 laser pulses
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Table 3 Spectral lines and corresponding parameters for quantitative analysis

ALl Cul
Wavelength /nm g A, IS E.-E,/eV Wavelength/nm g A 18! E -E, leV

257.5094 1.7x10° 0.014-4.827 324.754 5.56 % 10° 0-4.121
266.0393 5.28x 10 0.014-4.673 327.396 2.74 % 10° 0-4.121
309.2709 4.4x10° 0.014-4.022 458.697 1.92x 10° 0-2.963
394.40058 9.86 % 10 0-3.143 515.324 2.4x%10° 0-2.963
396.152 2.8x10 0.014-3.143 521.820 45%10° 0-2.963
578.400 3.3%x10° 0-2.963
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Fig.8 Calibration curve of the Cu—Al alloys at the pulse energy of 0.415 mJ
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Table 4 Results of the three quantitative analysis methods
CF-LIBS (Al) /% (atom fraction) CC-LIBS (Al) /% (atom fraction) EDS (Al) /% (atom fraction)

AlsiCug 64.26 66.3 65.37

AlgCuss 75.95 71.0 70.64

Al Cus 83.16 75.8 77.79
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