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Abstract

The structure of Printed Circuit board (PCB) is very complicated because it
consists of woven composites and custom defined conducting layers. To im-
prove the reliability of PCB, it is critical to predict the constitutive relations
accurately. This study by implementing Mechanics of Structure Genome
(MSG), homogenizes a multilayer PCB to determine the effective mechanical
properties and coefficient of thermal expansions (CTEs). The homogeniza-
tion is divided into two steps. The first step is to obtain the yarn material
properties. The second is to write python script in TexGen4SC to generate
the woven model and combine it with conducting layers in ABAQUS to obtain
the PCB effective material properties. A new tool, which is freely accessible
at cdmHUB, was developed to integrate the two steps woven homogenization.
The homogenized material properties were validated with representative vol-
ume element (RVE) analysis. A good agreement was observed between MSG
and RVE analysis. Finally, both structural analysis and dehomogenization
were done to predict a PCB plate global responses and local stress fields.
MSG-based plate structural analysis and dehomogenization matched the di-
rect numerical simulation (DNS) very well. However, MSG is significantly
faster than DNS.
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1. Introduction

The printed circuit board (PCB), a multilayer structure, has been used
in almost all electronic devices. The principal uses of PCB are to act as
the primary structure to support all components in a circuit and to include
the copper wiring to connect the electronics components. During the service
life, PCB endures a wide range of loads, such as thermal load, vibration,
and fatigue. Nevertheless, the requirements of PCB are to have a more
complex circuit, thinner thickness and higher performance over the same or
smaller size [1]. These requirements pose challenges to the reliability of PCB.
Currently, the design of PCB relies on board level tests [2], such as three-
point bending test [3], which are expensive and time-consuming. Besides, the
board tests can only present the global response, with the local behaviors,
such as local failure initiation and stresses distribution, remaining unknown
[4]. However, simulations are able to predict both global and local response
effectively, it is necessary to run simulations to determine the most reliable
design in order to evaluate different design scenarios effectively and avoid the
defective prototypes at the early stage.

A microstructure of a PCB is shown in Figure 1. As it shows, the PCB is
the combination of copper wiring and woven composites consisting of matrix
and glass fiber [5]. The majority of work regards the PCB as a simplified
single layer board with isotropic material properties [6, 7] which did not
consider the complex microstructure of woven composites and conducting
layer. This simplification is not accurate enough for further analysis, i.e.
reliability analysis. Hence, in order to evaluate different design scenarios
effectively and avoid the defective prototypes at the early stage, it is necessary
to predict the PCB constitutive relations and local stresses accurately.

A great number of analytical models have been proposed to study the
woven composites. Ishikawa and Chou [8, 9] proposed models which are
based on the Classical Lamination Theory (CLT) and the assumptions of
iso-strain or iso-stress condition. Among these models, the Mosaic model
provides the upper and lower bounds of the in-plane material properties.
Naik [10] proposed models that are based on the mixed iso-strain or iso-
stress conditions. The in-plane material properties of these models were
validated with experimental results. Gommers [11] applied the Mori-Tanaka
inclusion method to different types of textile composites, which yields better
results than the classical iso-strain model. Although they can provide a good
estimation of the in-plane material properties, analytical models are not able
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