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Abstract 
Functional components are commonly fabricated combining a ceramic substrate with external and/or 

internal metallization (e.g. metal electrodes, vias, contact pads, etc.) using a tape casting process. Different 
layers are printed and/or fired (e.g. up to 800°C) onto the ceramic part to provide the component with a 
(certain) functionality. As a result of the combination of different materials (e.g. ceramic, glass, metal 
alloys) with different coefficients of thermal expansion, internal stresses may arise during the different 
fabrication steps. Although some of these tensile residual stresses may relax due to plastic deformation of 
metallic materials, stress concentrations generated in material junctions or terminations (imposed by 
geometrical constrains) may lead to cracks and/or reduce the component strength.  

In this work different architectures combining metal and glass layers on the surface of ZnO substrates 
were investigated experimentally and numerically in order to identify weak points in commercial 
components. Mechanical testing using three-point-bending was performed on samples taken after different 
steps. A FE model was developed to (i) calculate residual stresses generated during the manufacturing 
process, and (ii) simulate the propagation of initial crack/defect during manufacturing. Experimental results 
were compared with numerical predictions. These results in combination with fractographic analyses were 
used to validate the finite element model in order to assess location of failure.  
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I. Introduction 
Many applications in microelectronics involve 

combinations of ceramic and metal constituents. Functional 
components such as multilayer varistors (MLV), 
piezoelectric actuators (MPA), multilayer ceramic 
capacitors (MLCC), Low Temperature Co-fired Ceramics 
(LTCC) and semiconductors, among others, are examples 
of combination of a ceramic-based (or silicon based) 
substrate with internal electrodes as well as surface features 
(e.g. metallization, contacting pads, cylindrical vias, etc.) 
This combination of materials provides the component (or 
system) with certain functionality. Typical components are 
based on low temperature co-fired ceramics substrates (e.g. 
alumina-glass composites, ZnO), which enable the co-
sintering of (low melting point) glass ceramics with high 
electrical conductivity materials (e.g. silver, gold, 
galvanized nickel). In the co-sintering process, different 
layers are printed and/or sintered (e.g. up to 800°C) onto the 
ceramic substrate according to the component design. Due 

to the different properties of the materials involved (e.g. 
thermal expansion coefficients (CTE), elastic constants, 
yield strength), internal stresses can develop in components 
during fabrication, which may induce cracks that truncate 
the electrical performance of the component [1], [2]. 
Although some of these tensile residual stresses may relax 
due to plastic deformation of metallic materials, stress 
concentrations generated in material junctions or 
terminations (imposed by geometrical constrains) may lead 
to failure during fabrication or in service. 

In this work the structural integrity of ZnO-based 
multilayer components has been investigated combining 
experimental and numerical methods. Different 
architectures combining metal and glass layers on the 
surface of ZnO substrates were tested under three-point 
bending, and compared to bulk ZnO material. In order to 
identify the failure origin in the components, fractographic 
analyses were performed on broken samples. In addition, 
numerical simulations were carried out to understand the 
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