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To improve the design quality of electronic devices and components, which are becoming smaller and lighter,
it is necessary to enhance the accuracy of temperature predictions in thermal analysis. This study investigated
a prediction method for a thermal contact resistance (TCR) both of uniform and non-uniform contact surface,
and a measurement method for the thermal resistance of thick film materials used in the electronic components,
in order to improve temperature prediction accuracy.

In the study of TCR prediction, firstly, we proposed a new TCR prediction equation for the local uniform
contact surface derived by modifying the conventional equation based on a unit cell model representing a
uniform contact surface with roughness proposed by Tachibana and Sanokawa. The new TCR prediction
equation has a wider applicable range and higher accuracy in TCR prediction compared to the previous equation.
The applicable range and accuracy of the new TCR prediction equation was organized based on the ratio
between the diameter of the unit cell model, d, and the diameter of the real contact point, di., denoted as du/dk..
When allowing prediction errors of +8.9%, +14.5%, and +22.4%, the applicable range of the prediction equation
requires the diameter ratio to satisfy the conditions of dy/dic=7.5, du/dic=6.0 and di/di=5.0, respectively.
Secondly, the relation between a mean contact pressure and TCR across the local uniform contact surface with
roughness was predicted based on the new TCR prediction equation and a rough surface topology observed by
using confocal laser microscopy. This prediction result is in good agreement with the measured TCR obtained
by using a test head style thermal resistance measurement system developed. Finally, by combining the contact
analysis model reproducing the waviness of the resistor and the relationship between the mean contact pressure
and the local TCR, visualized the non-uniform TCR distribution on the contact surface between the resistor and
the cooling plate. Moreover, it was found that a heat transfer analysis model with TCR distribution as a boundary
condition for the contact surface between the resistor and the cooling plate can accurately predict the
temperature of the self-heating resistor. Additionally, the prediction method for the above-mentioned TCR
distribution may also be applicable to greaseless contact surfaces, which are commonly found in electronic
devices and components. In the future, the developed TCR prediction method will be used for the thermal design
of electronic equipment and components.

In the study on measurement methods for the thermal resistance of thick film materials, we proposed the
method that combines the structure function with the electrical-heat/pump-probe thermo-reflectance method
achieving temperature measurements on the order of ps to ms. The measurement error of the thermal
conductivity of the glass film obtained from the structure function ranged from -10 % to 0 % compared to the
Ref. data measured by the test head style thermal resistance measurement system, demonstrating good accuracy.
On the other hand, the measurement error of the volumetric specific heat ranged from -35.9 % to +7.6 % relative
to the Ref. data obtained by the DSC method, indicating the need to improve the measurement accuracy. Going
forward, we will engage in improving the accuracy of the measurement and evaluating the thermophysical
properties of the thick film materials used in electronic components.
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