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Analysis of mechanisms for damage and changes in
electrical properties during use of flexible
electronic devices by mechanical deformation
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Recently, products with a continuously curved shape, such as wearable devices and vehicle
displays, have been widely used. To ensure these products can endure bending deformation
without damage, it's imperative that all internal components exhibit flexibility. This is
especially critical for internal components related to power sources, like flexible devices.
Typically, these flexible devices consist of an electronic circuit made of metal and a
conductive polymer, accompanied by a polymer substrate. When bending deformation is
applied to the flexible element, damage mainly occurs in electronic circuits manufactured
in a thin and narrow form. In previous studies, analysis was conducted in a flat state after
bending to determine the cause of such damage, and changes in electrical properties were
analyzed as factors related to the bending experiment. Therefore, in order to confirm
reversible damage, this study attempted to observe cracks in the bending state and analyze
the resistance change, one of the electrical properties, with crack-related factors.

To replicate a flexible electronic device, we coated TPU with Au. We used SEM to observe
cracks that form during bending deformation, with the aim of assessing how these cracks
vary depending on the bending radius and conditions. To keep the specimen in a bending
state, we designed and manufactured a groove at the center of the existing SEM jig. In the
newly developed SEM jig, we calculated the range of achievable bendable radii using the
bending equation and the triangular function of the plate. Various bending radii can be
achieved within this range by adjusting the specimen's length. Observing the specimen
under these bending conditions revealed that as the bending radius decreased, the

curvature applied to the specimen became more severe. Consequently, tensile stress on
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the specimen’s surface increased, resulting in wider crack widths and a higher number of
cracks. We observed cracks at all the determined bending radii and quantitatively analyzed
them using the bending plate's equation and the yield strain. We attempted to analyze the
cause of the cracks by converting the set bending radii into strain values and comparing
them to the yield strain. It can be seen that the crack width changes depending on the
bending state, and the crack density is maintained. Through this, the crack width can be
referred to as reversible deformation, and the crack density can be referred to as irreversible
deformation. Since the crack width and crack density vary depending on the bending
radius, the correlation can be analyzed through regression analysis. Also, since both crack
width and crack density are related to bending radius, we also wanted to analyze the
correlation between crack width and crack density.

In order to determine how much the electrical properties are affected when a crack is
created, the resistance value that changes depending on the bending state and the
bending radius, which is the previously set condition, was measured. First, if we analyze
the change in resistance according to the bending radius, we can see that the smaller the
bending radius, the more the change in resistance occurs. And when analyzing the
resistance according to the bending state, it can be seen that the resistance value increases
depending on the crack width and crack density when it is bent, and that when it returns
to a flat state after bending, the resistance decreases partially. Through this, the resistance
value changed by irreversible deformation can be known, and the resistance value changed
by reversible deformation can be known. Therefore, by dividing the total resistance change

value, it is possible to quantitatively analyze which factor, crack width or crack density, has
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a greater impact on resistance change. This method can be applied to each preset bending
radius, and the contribution of crack width and crack density according to bending radius
can be compared.

In this study, we observed the behavior of cracks in the specimen while maintaining a
bending state and analyzed the associated changes in electrical properties. The observation
of cracks revealed that they could be categorized into crack widths and crack densities.
We found that cracks occurred at all the determined bending radii by comparing the values
from existing literature with the yield strain. Through this, it was confirmed that there was
an effect of reversible deformation such as crack width. As a result of measuring the change
in resistance depending on the bending state, it was confirmed that the crack width had
a greater effect on the total resistance change than the crack density, and that the
contribution of the crack width increased as the bending radius became smaller. Through
this, it was confirmed that reversible deformation has a significant impact on damage.
Therefore, it was proven that the effect on reversible deformation can be confirmed only

when analysis is performed in the bending state during bending deformation.
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