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Thermal Characterization of Film-on-Substrate Systems by
Laser Photothermal Reflectance Technique

CHEN Zhao-jiang, FANG Jian-wen, WANG Zhi-hai
(College of Mathematics and Physics, Zhejiang Normal University, Jinhua, Zhejiang 321004, China)

Abstract Considering the influence of the probe beam size on the modulated photothermal reflectance (MPR)
signal, a three-dimensional theoretical model of laser-induced MPR for the thin film-on-substrate system is presented
in this paper. The feasibility of measuring the thermal parameters on thin films by MPR techniques is investigated.
The effects of the material parameters on MPR signals are discussed in detail. The numerical multiparameter
estimation of thermal properties is also performed in this paper using the frequency response of MPR signals (i. e.
MPR frequency scanning method). Three thermal parameters, i e. the film’'s thermal diffusivity, the substrate’s
thermal diffusivity and the thermal resistance on the film-substrate boundary, are simultaneously determined. It is
shown that, comparing with the conventional MPR radial scanning method, there is no strong correlation among the

three thermal parameters in MPR frequency scanning model. Therefore the convergence and the accuracy of

multiparameter estimation for samples can be improved by MPR frequency scanning method.
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Table 1 Physical parameters of air, gold, glass and silicon

Air Gold Glass Silicon
Thermal conductivity /(W s m™' « K™') 2.61X10? 318 1.5 153
Thermal diffusivity /(m® « s71) 2,0X10°° 1.3X10°* 5X10°7 9,3X10°
Optical absorption coefficient /m™! 5.31X107
Surface reflectivity 0. 817
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Fig.1 Amplitude-frequency (a) and phase-frequency (b)

responses of MPR signals for the bulk gold sample

and the gold films with different thicknesses on

glass substrate. Ry, = 0
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Table 2 Statistical results of multiparameter estimation for gold film on glass substrate sample

Parameter Input value Fitted results Mean variance™
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