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Mechanics of Materials

Characterizing stretchable electronics:
novel techniques
S.M. Kleinendorst, J.P.M. Hoefnagels, M.G.D. Geers

Introduction

Method 2: Mechanical Shape Correlation

Virtual experiment

Stretchable electronics is an active field of research.
Applications are mainly biomedical devices, such as balloon
catheters and conformal brain implants, see Figure 1. It is
important to understand the mechanical characteristics of
the stretchable interconnects to predict and prevent failure
of the stretchable devices.
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Mechanical Shape Correlation (MSC) is a novel technique
for identifying model parameters for an FE (finite element)
model of a specific structure from images of this structure
taken during an experiment. The method is schematically
depicted in Figure 1. Images taken during an experiment are
processed: the edge of the sample is detected and a signed
distance map , i.e., the closest distance to the edge for each
Real
experiment
pixel, is made for
each
increment.
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Figure 1: Examples of stretchable electronics

The stretchable interconnects may be very small and exhibit
complex deformation, thereby making conventional
characterization techniques difficult to apply. Two novel
techniques, based on digital image correlation (DIC) have
been developed to identify the mechanical behavior of these
structures.

Method 1: Digital Height Correlation
The first technique correlates height images taken with a
confocal surface profilometer to identify the buckled
deformation profile, see Figure 2. Adaptive refinement is
applied to obtain an accurate solution in the area around the
buckles [3]. The calculated 3-dimensional displacement field
can be used to optimize finite element (FE) models, e.g. a
cohesive zone model to predict delamination and buckling of
the structure.

Figure 3: Schematic representation of MSC
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Figure 2: Using DHC to calculate buckle profile of stretchable electronics
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For the 3D FEM simulation of the same sample 2D
projections are made and again signed distance maps are
calculated. The two sets of images are compared. If no
correlation is found, the model parameters are updated in
the next iteration, until the method converges.
Since, in contrast to the related integrated digital image
correlation (IDIC)[4] technique, no speckle pattern on the
sample is required, the MSC method is beneficial in cases
of:
• Large and complex deformations (which leads to
degradation of the speckle pattern),
• Out-of-plane rotation of the speckle pattern,
• Microscopical structures for which pattern application
is difficult.
Assumption is that the boundary area is large with respect
to the volume of the structure.
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