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Abstract

The transition to ”all-electric” is leading to a growing demand for power electronics.
In order to include more components in an ever-smaller volume, the embedding of active
components in the core volumes of printed circuit boards (PCBs) appears to be a suitable
solution (Huesgen 2022) (Bouarroudj 2023). There are various technologies for embedding
components, such as chip-on cavity technology (R. Aschenbrenner 2000), chip-on-substrate
technology (Tao-Chih Chang 2015) or double-side-microvias (Huesgen 2022). The intercon-
nection in these technologies is usually ensured by microvias (John H. Lau 2000) which
provides good electrical and thermal contact between PCB and component. However, incor-
porating a ceramic chip (Silicon or Silicon Carbide) inside the printed circuit board can lead
to new failure mechanisms occuring during the thermal cycle or when the device is active
(Young Todd 2000) (Maarten Cauwe 2022). The interface response between the chip and
the microvia needs particular attention (Birch 2009) (Li-Na Ji 2010).
In the present work, the embedded chip is connected by multiple microvias while classical
SMT (Surface Mounted Technology) used solder paste. A centimetre-sized chip can accom-
modate several hundred of microvias. Numerical modelling of such a structure using finite
element method (FEM) is unrealistic because of the extremely time-consuming nature of
meshing operation and calculations. Then we propose to replace the microvia structure and
the FR4 material in its neighbourhood by its homogenised thermomechanical response (W.
Kpobie 2014).

Lots of homogenisation methods exist in literature for heterogeneous materials containing
ellipsoidal inclusions (Eshelby 1957) (Hill 1963) (Mori et Tanaka 1973). The microvia ge-
ometry is complex, so no analytical solution is available for the microvia shape. Then a
numerical study is compulsory. In the present work, the Representative Volume Element
(RVE) is referred to as the elementary pattern of a periodic medium describing the chip
interconnexion method. The periodicity of the medium is reproduced from the RVE using
Periodic Boundary Conditions (PBC). After calculation, the elastic response of the microvia
structure is found to be orthotropic.
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The homogenised mechanical response of the microvia is next implemented in finite element
model of different configurations facing thermal cycles from -550C to 1250C. Simulations
where the microvia is geometrically represented are carried out at the same time. Average
quantities (stress and strain) at the level of the RVE are compared between the two config-
urations to validate the homogeneous model.

Predictive capabilities of the present work are illustrated for two classical configurations
in the PCB industry. First a grid of 9 microvias connected to a component made of silicon
is subjected to thermal cycles. It is found that adopting the homogenised response for eight
microvias does not change much the mean stress and strain faced by the central microvia.
In the second case, three stacked microvias are considered. Once again, the overall response
for each level of microvias is well reproduced.
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