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Table 1. Film parameters.

JE /K p/kgm~3 k/W-m—1.K~1 c/Jkg LK1 Ag
Aluminum 930 2700 238 896 0.056

Silver 1260 10524 418 234 0.1
Copper 1356 8954 386 383 0.001
Gold 1337 19320 315 251 0.014

Glass 2707 0.76 800
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Table 2. Iteration initial value, inversion results and iteration times.

Aluminum Silver Copper Gold

o k¢ 210 380 400 350
A

kp 1.2 1.2 0.2 0.2

. k¢ 237.998 417.999 386.003 314.998
AP

kp 0.76001 0.76001 0.76001 0.75999

o 1% 8 12 9 14
HEAREL

5% 11 15 10 15

. . 1% 2.31 3.56 2.68 4.18
THELE] /s

5% 3.27 4.43 2.95 4.47
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Abstract

In this paper, we present an inversion estimation method of thin film parameters based on thermal effects induced
by laser irradiation. Firstly, the theoretical model of classical Fourier heat conduction of thin film irradiated by laser is
established, and the analytical solutions of temperature fields are obtained by using Laplace transform. Then, the inver-
sion model and the iteration algorithm are established based on the nonlinear conjugate gradient method on condition
that the thermal conductivities of the film and the substrate are selected as inversion parameters and the temperature
fields of the thin film surface in different irradiation times are selected as measured data. In view of the fact that the
sensitivity coefficient plays a decisive role in determining the accuracy and efficiency of the nonlinear conjugate gradient
iteration inversion algorithm, we derive the closed form expressions of the sensitivity coefficients for the thermal conduc-
tivities of the film and the substrate based on the above analytical solutions of the temperature fields, and this closed
form expressions can improve the accuracy and efficiency of the thin film parameter inversion significantly. Taking four
kinds of metal films (aluminum, silver, copper and gold) with glass substrate for example, the accuracies of the analytical
solutions of temperature fields are verified by comparing with the numerical results from the finite element method in
the existing literature, and it can ensure the accuracies of the sensitivity coefficients in the process of iteration inversion.
Finally, the thermal conductivities of the above four kinds of thin films are estimated by using the presented iteration
inversion method. The accuracy and efficiency of the parameter inversion are verified by investigating and analyzing the
inversion results of the parameters for different random noises and different iterative initial values. The inversion results
show that this method has a high accuracy and efficiency, and it only needs less than 20 iteration times to convergence
when the iteration stop error is 1077. The smaller random noise is added in the measured data, and the less iteration
times to convergence are needed. It can achieve higher convergence efficiency even in the iterative initial values from the
inversion results that differ greatly for the case of 5% random noise. This inversion method of thin film parameters is
not only applicable to the inversion of the thermal conductivity, but can also be used to inverse the parameters such as
the reflection coefficient or the absorption coefficient. The presented method has a certain guiding significance for the

parameters inversion and the parameters optimization in the process of the laser processing or the laser damage.

Keywords: parameter inversion, laser irradiation, thermal effects, nonlinear conjugate
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