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Measurement of Thermal Diffusivity Using Minimum Phase Based
on the Photothermal Displacement
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Abstract

A new method of measuring the thermal diffusivity of solid material at room temperature using
photothermal displacement is proposed. The influence of the parameters, such as radius and modulation
frequency of the pump beam and the sample thickness, was studied. From the minimum position of
phase of measured deflection with respect to the pump beam, the thermal diffusivity of the materials
can be obtained. The position where phase has the minimum value is determined using multiparameter
least-square regression fitting. The experimental values for different samples obtained by applying the
new method are in good agreement with the literature values.
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Table 1 Optical & physical properties of specimens
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Thermal Thermal Expansion Absorption
diffusivity . ) conductivity - coefficient .

(/s 10° Poisson ratio (Wim- K) Reflectivity /Ty 10 A cocfﬁcx:nt
at 25°C at 25C at 25T x 10
Copper{99.98%) 11.6 0.35 398 0.6403 16.6 70
1ron(99.90%) 2.3 0.28 80.3 0.6102 12.0 99
Zinc(99.80%) 44 0.35 113 0.747 35.0 97

Fig. 2 Schematic diagram of experimental setup
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Fig. 3 The deformation curve and phase curve of
copper in radial direction {frequency=300Hz,
power=0.33W, thickness=0.95mm)
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Table 2 Comparison of the measured thermal diffusivity and literature value®
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Thickness

Pump beam

Measured Thermal

Literature value

(um) diameter (um) |diffusivity (m¥s)x 10°|  (m¥s)x 10° Error(%)
Copper 0.82 110 11.5 11.6 1.27
Iron 1.04 110 2.29 23 0.60
Zinc 0.78 110 439 44 0.25

Pmin’ L
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Fig. 10 Normalized minimum phase position versus
normalized diffusion length
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