





propagation in the middle of the specimen is from higher stress concentrations occurring at the

middle of the specimen. The crack widths were approximately around 10 microns.

Figure 28: SEM imaging of PEDOT:PSS with crack propagation after tensile testing.

Figures 29 and 30: Highly magnified SEM imaging of PEDOT:PSS with crack propagation after tensile
testing.
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The edges of the tested PEDOT:PSS/PET:ITO specimens were then analyzed with the
SEM (Figure 31). The edge of the specimens exposed the PEDOT:PSS/PET:ITO layers start to
separate and form mica-like structure of separate layers. This empirical evidence may show de-
lamination of the specimen during tensile testing. This phenomenon would significantly decrease
the mechanical strength and layer to layer interaction of the solar cell. Overall, the efficiency of

the solar device would decrease significantly.
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Figure 31: SEM imaging of edging of PEDOT:PSS and PET:ITO after tensile testing.

Further SEM analysis was done on the cross-section of the PEDOT:PSS/PET:ITO
specimen after failure (Figure 32). The cross-sectional image revealed significant deformation of
the whole specimen. The height and width of the PEDOT:PSS/PET:ITO specimen after failure
was approximated at 90 microns + 20 microns and 0.1 mm # 0.01 mm respectively. The original
height and width of just the PET:ITO layer was around 200 microns and 5.1 mm respectively.
The cross-sectional area of the specimen decreased to around 25% of the original cross-sectional
area size. Overall, the cross-sectional area of the specimen decreased significantly due to

Poisson’s ratio during tensile testing.
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Figure 32: SEM imaging of cross-section of PEDOT:PSS and PET:ITO after tensile testing failure.

Just to recap, the tensile testing and characterization of PEDOT:PSS/PET:ITO specimens
revealed significant flaws that will decrease the overall efficiency of the solar cell. The
fabrication process of PEDOT:PSS/PET:ITO caused significant heterogeneity and solvent
evaporation of PEDOT:PSS which will affect the layer to layer interactions of the solar cell. The
tensile testing caused the PEDOT:PSS/PET:ITO specimens to have PEDOT:PSS crack
propagation and possible specimen de-lamination which will decrease the conducting properties
of PEDOT:PSS and the efficiency of the solar cell. In order to improve the solar cell’s efficiency,

the PEDOT:PSS/PET:ITO specimen flaws must be addressed and solved in future work.
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5. Conclusion and Recommendations

The goal of this project was to investigate the mechanical strength and characterization of
PEDOT:PSS. In past years, solar research has been focused on improving solar devices by
changing the method of fabrication. This project investigates the mechanical properties of solar
nanocomposite layers of a solar device in order to find a correlation between mechanical
properties of each material and the overall efficiency of the solar cell. The interface between
nanocomposite material layers, such as PEDOT:PSS and PET:ITO, is usually an area for points
of failure. The further investigation of failure points at each interface of the solar device will lead
to a better understanding of the solar device and its efficiency. Furthermore, once these points
are determined, the fabrication technique can be changed for improvement.

Progress has been made with regards to determining the mechanical properties and
characterization of PEDOT:PSS under tensile applications. During tensile testing, the
PEDOT:PSS/PET:ITO specimens had an average Young’s Modulus value of 422 ksi, which is in
the range of accepted PET Young’s Modulus values. suggests that the mechanical properties of
the specimen are dictated by PET:ITO. After tensile testing, the PEDOT:PSS on the specimen
showed deformation under naked eye observation. The SEM characterization of tested
PEDOT:PSS/PET:ITO revealed crack propagation of PEDOT:PSS along the specimen. Crack
formation in the PEDOT:PSS layer would interfere with hole conducting process of the material
in the solar device. The SEM characterization of untested PEDOT:PSS/PET:ITO specimens
revealed significant solvent evaporation (pitted microstructure), heterogeneity (crystalline
microstructure), and solution etching of the PEDOT:PSS layer. Overall, the crack propagation

and various microstructure flaws will significantly decrease the overall solar cell efficiency.
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In order to find ways to improve the solar cell efficiency, there are some
recommendations for future work with tensile testing, SEM characterization, fabrication, and
photogrammetry. The current tensile testing results only prove crack propagation of PEDOT:PSS
at relatively high loads, not at intermediate or low loads. Tensile testing PEDOT:PSS/PET:ITO
specimens under the SEM would allow for the user to mechanically characterize when crack
propagation begins. This knowledge will help determine at what loads the PEDOT:PSS layer
begins to fail and the different applications the solar cell can withstand without affecting its
efficiency. It is highly recommended for future tensile testing under the SEM.

For future fabrication work, it is recommended to emphasize the importance of rinsing
off the PET:ITO substrate with de-ionized water before applying PEDOT:PSS. This action will
eliminate the possibility of crystallization of PEDOT in the PEDOT:PSS layer and allow for a
more homogeneous solution. A more homogeneous solution will allow for better hole
conducting properties and hopefully more layer to layer interaction. In order to improve the layer
to layer interactions of the solar cell, uniform layers are also necessary in making sure the solar
cell will have maximum conducting properties. The pipette drop technique of PEDOT:PSS left a
relatively curved top surface, which could decrease the layer to layer interaction and solar cell
efficiency. It is also recommended to look into a spray-coating technique for the fabrication
process of PEDOT:PSS. Spray-coating would be an easy way to apply a thin, uniform layer of
material onto the solar device, which would ensure higher interface interaction and device
efficiency.

For photogrammetry recommendations, the stochastic paint pattern on the PEDOT:PSS
layer may have caused significant changes in the microstructure. The SEM characterization

found significant interaction with the paint particles and the PEDOT:PSS layer. The paint solvent
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may have bonded with free PEDOT domains, and this chemical interaction may cause the paint
solvent to etch or eat away at the PEDOT:PSS layer. This process may cause a significant
decrease PEDOT domain interaction and layer to layer interaction of the solar device. It is
recommended to continue experimenting with different types of paint on top of the PEDOT:PSS
layer and analyzing the morphology of the PEDOT:PSS.

Besides investigating PEDOT:PSS, it is necessary to continue investigating mechanical
properties of the other solar nanocomposite layers of the solar device. Each layer will affect the
overall mechanical properties of the solar device, and the layer to layer interactions between
nanocomposite layers should be characterized. In order to improve the efficiency of the solar
device, the characterization and morphology of the whole solar device will help show where the

solar device needs improvement, specifically with materials or fabrication.
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(16) After photo, click “unfreeze” and change frame average in order to return to SEM imaging

(17) After SEM imaging, to turn off the system turn off beam and vent out in order to remove
the platform and specimen.

(18) In order to take specimen out of the SEM, vent the SEM and open the SEM and place the

platform with specimen onto stage

(19) After taking out the specimen, close the SEM and vent on (pump) the SEM (keep it on
vacuum settings), log off software, turn off computer, and press the stand by button (yellow
button).
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