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Fig.1 LIBS experimental setup
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Table 1 Element content of brass samples
TE FE/% | TE R/ %
Cu 63.50 Pb 0.08
Zn 35.77 P 0.01
Fe 0.15 oA 0.49
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Fig.2 Accumulated contribution rates corresponding to
retaining different number of principal components

2.2 REIEEYN

AR 6 [ [ 24 v 5 BRI 5T B ( national in-
stitute of standards and technology , NIST) fi] Jii 751
Bl e RSSO G B e B KT 509 ~ 524
nm ] Cu JCRMIELAE ARG, 3 /R T EA ]
RIMRET Co STRIDGIGRE B, L2480 7T
Cu1510.55 nm . Cu [ 515.32 nm 1 Cu [ 521.82 nm
SMRME RS R OGS R 2R . BEAE R R T,
TR A T R S R A

TEBOCTE 35 2 AR B o, A5 63 1 o B2
AR TR B TR VI WOk S



& AH) ALK 204

[—20C
—lec
161 240 C

Cul 521.82nm

Cul 51532 nm

JEIETEE/10%au.

510 515 520 525
#K/nm
F3 #HEAEAFARRERE THXRILERE
(%EIR 0.9 ps,[)3E 3 us)

Fig.3 Spectral intensity of brass at different surface
temperatures (delay 0.9 us,gate width 3 us)
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Fig.4 Plasma electron temperature at

different surface temperatures
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Fig.5 Effect of temperature on spectral intensity
and signal-to-noise ratio of the spectral line
Cu | 515.32 nm at different gate widths
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Fig.8 Fitting results of two surface temperature
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Transient temperature measurement based on laser-induced breakdown spectroscopy
LIAO Wenlong', LI Zhe*, YANG Yueping', TANG Bo®, WEI Wenfu®
(1. State Grid Sichuan Electric Power Company Research Institute ,Chengdu 610041, China;

2. School of Electrical Engineering,Southwest Jiaotong University ,Chengdu 611756, China)

Abstract : Temperature plays a crucial role in influencing the mechanical properties of materials. Accurately measuring the

temperature of devices is essential for understanding the evolution of their mechanical properties under stress and evaluating

their health and lifespan. However, traditional methods encounter challenges in measuring transient temperatures and lack

sufficient time-resolution capability , particularly when it comes to the rapid temperature changes at the solder interface during

the switching process of power devices. In this paper,based on the close correlation between the intensities of the characteristic

spectral lines of the laser-induced elements and the temperatures,a method of measuring the surface temperatures with the time-

resolved capability of the order of microsecond is proposed,and a quantitative relationship between the surface temperatures of

the sample and the spectral characteristics is established. The findings demonstrate that an increase in the surface temperature

of the material results in enhanced intensity and signal-to-noise ratio of laser-induced plasma spectra. This enhancement is

influenced by the spectral acquisition delay and gate width. To establish a quantitative relationship between surface temperature

and spectral properties,back propagation-artificial neural network ( BP-ANN) and partial least squares ( PLS) are employed for

fitting and calibration. The fitted models can achieve linear correlation coefficient indexes exceeding 0.99. Notably,the BP-ANN

fitted model exhibites a small fitting bias, with a root mean squared error (RMSE) of 2.582 and a correctness rate of 98.3%.

The method provides an effective means for transient temperature measurement of objects and gives a strong support for the

assessment of the health status of the soldering interface of power devices.

Keywords : Laser-induced breakdown spectroscopy ; temperature measurement ; principal component analysis; time resolution;

partial least squares (PLS) ;back propagation-artificial neural network ( BP-ANN)

(H4E 5



