Measurement of thermal boundary resistance by photothermal radiometry
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Abstract

Despite recent progress in the comprehension and modeling of heat transfer across interfaces, experimental values of interfacial thermal resistance R,, in various systems present large deviations from
theoretical predictions. Moreover, a large variability of R,, with the condition of the interface at micro- and nano-scale is observed. However, such data are necessary for the validation of theoretical
models and computations. Measuring R,, between a film and the substrate is often a challenge for the experimentalist because the available methods have to be adapted to the features of the
samples. This work presents the experimental approach we are using including high frequency photothermal radiometry (HF-PTR), the theory of the simulation model and the sensitivity analysis. The
current PTR system has been extended for measurements up to 10 MHz. For simple configurations, R,, is obtained directly from the experiment and then it can be compared to theoretical predictions.
A study of uncertainties led us to minimize AR,, and to find the optimum film thickness.
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Sensitivity and uncertainty studies
The calculation of the sensitivity is made by After R, determination for all samples, the
. using the equations (2) where p represents the uncertainties are calculated using equation (3)*. The
Theoretical method parameter and T,-(p + Ap) is the temperature standard uncertainties for the measurand p
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Conclusions
o : . Titani ti ili d : . :
Titanium coating on silicon substrate | asr;!:m e(::astlgeglzztitlf;r;j " * High sensitivity to R,, no sensitivity to thermal conductivity of the coating,
 Uncertainties are between 10 and 22%,
o , L * metal/metal interface gives lower &,
Coating thicknesses d. : 4 samples with same coating thickness
230, 186, 90 and 45 nm As0hm * Strong dependence on the nature of the substrate (factor 10),
* No influence of the deposition speed for silicon substrate,
. 0/ - . .
e e o 2 different speeds of deposition: RZ:,, decrease (.)f 25% with l.ower speeds of deposmo.n on stainless steel substrate,
500 pm 0.5 and 0.1 nms-1 * High uncertainty on 4, gives only 15% of uncertainty on &,,,
* For better measurements and lower uncertainty it's better to have a thinner film (d. /2) .
Fabrication process: PVD 'EVA 300' (Alliance Concept)
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