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Summary: 

Computational quantum mechanics in the framework of density functional theory (DFT) is used to 

develop the interface model between Cu (111) and PE (001). The ―bulk plus band line up‖ method 

and the projected density of states (PDOS) analysis are combined to calculate the actual barrier to 

charge injection. This combination of methods lead to finding new states appearing between the 

Fermi level of Cu and the conduction band of PE, which lowered the barrier to electrons injection. 

These states are due to morphological deformation that takes place in both the metal and the polymer 

at the interface. The most common chemical impurities that are normally found in PE are studied 

in this thesis to understand their impact on conduction mechanism. These impurities, such as 

carbonyl, vinyl, and conjugated double bond, produce trap states between the conduction and 

valence bands of PE, which reduce the barrier height to around the experimental value of 1 eV. 

The lowered barrier height increases the charge injection, which then facilitates the conduction 

mechanism. Variations in the dielectric constant at the interface are also a significant factor. The 

present study investigates the change in dielectric constant of PE at the interface with Cu using 

the microscopic polarization theory. It is concluded that the calculated current density using 

Schottky injection mechanism under a certain electric field and temperature does not only 

depend on the barrier height, but also on the relative dielectric constant at the interface, which in 

turn changed the current density and the conduction process. 
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ABSTRACT 
 

Polymers are increasingly becoming the insulator of choice in various high voltage power apparatus, 

such as capacitors and cables. Under high operating fields conduction (leakage) currents in polymers 

contribute to the eventual breakdown of the insulator, thus determining its active life time.  A barrier 

to charge injection at polymer/metal interface is a key to understanding the high field conduction in 

cables and supercapacitors. The conduction mechanism of injected currents is influenced by 

barriers to charge injection and also by possible variations in the dielectric constant at the 

interface. The present work investigates barriers to charge injection at the atomic level at the 

interface of copper and polyethylene (PE), one of the most dominant material combinations in the 

power industry.  Emphasis is carried out in this work on morphological deformation. 

  

Computational quantum mechanics in the framework of density functional theory (DFT) is used to 

develop the interface model between Cu (111) and PE (001) in the light of previous DFT studies on 

the interface of PE with Pt, Au, and Ag in terms of the absolute barriers to holes and electrons 

injection. The ―bulk plus band line up‖ method and the projected density of states (PDOS) analysis 

are combined to calculate the actual barrier to charge injection, which was not well identified in 

similar studies. This combination of methods lead to finding new states appearing between the Fermi 

level of Cu and the conduction band of PE, which lowered the barrier to electrons injection. These 

states are due to morphological deformation that takes place in both the metal and the polymer at the 

interface. The present work stresses the importance of considering morphological deformation in 

lowering the barriers to charge injection in soft metal which is less considered as compared to 

chemical impurities.  

 

The most common chemical impurities that are normally found in PE are studied in this thesis to 

understand their impact on conduction mechanism. These impurities, such as carbonyl, vinyl, 

and conjugated double bond, produce trap states between the conduction and valence bands of 

PE, which reduce the barrier height to around the experimental value of 1 eV. The lowered 

barrier height increases the charge injection, which then facilitates the conduction mechanism.  

This work recognizes the fact that the barrier height is not the sole factor affecting conduction. 

Variations in the dielectric constant at the interface are also a significant factor. The present 

study investigates the change in dielectric constant of PE at the interface with Cu using the 

microscopic polarization theory. It is concluded that the calculated current density using 

Schottky injection mechanism under a certain electric field and temperature does not only 

depend on the barrier height, but also on the relative dielectric constant at the interface, which in 

turn changed the current density and the conduction process.  

 

 

 

 

 


