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Abstract: Two modes of Atomic Force Microscopy, namely the Peak Force – Quantitative Nano Mechanics and 

the Kelvin Probe Force Microscopy, are used for the nanoscale characterization of semicon(SC)-polyethylene(PE) 

interfaces in a SC-PE-SC-sandwich. A combination of the two methods provides physical (local geometry, 

roughness) and electrical (electric field, space charge) properties. 
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Introduction 

To understand electrical conduction mechanisms in 

polymer insulation is crucial for high voltage direct 

current (HVDC) applications, particularly for the 

prediction and control of the field distribution. 

Dielectric polymers exhibit properties which 

aggravate a sound physical understanding of bulk 

conductivity: amorphous or semi-crystalline 

structure, small intrinsic carrier density, low-

mobility states and carrier traps, charge carrier 

injection etc.. In this contribution, we focus on the 

electrode contact, which is relevant because (1) the 

contact properties can strongly determine the 

electrical conductance behaviour of the insulation, 

e.g. due to injection of majority carriers in 

combination with the smallness of intrinsic carrier 

density, and (2) the calculation of electric fields 

based on drift-diffusion models requires realistic 

boundary conditions at the contacts [1]. In this work, 

we consider a typical prototype interface, as 

ubiquitous in HV equipment, between a carbon 

black (CB) filled host polymer (‘semicon’, SC) and 

the insulating pure host polymer (polyethylene, PE). 

The fundamental processes which govern the 

contact physics and their dependence on the 

microstructure properties in such systems are still 

poorly understood [2]. We report on results on the 

application of Peak Force - Quantitative Nano 

Mechanics (PF-QNM) and Kelvin Probe Force 

Microscopy (KPFM) techniques [3] to the SC/PE 

interface in a SC/PE/SC sandwich structure. 

Results and Discussion 

The geometrical interface was characterized by 

measuring the adhesion force with PF-QNM. This 

parameter shows a contrast between CB dots and the 

PE matrix, and provides the CB-induced interface 

roughness. Electrical properties were characterized 

by measuring the surface potential with KPFM. The 

determination of the charge distribution requires the 

solution of Poisson’s equation, V= -free-pol, 

where the free and polarization charges need to be  

 

considered with special care on the nanoscale in this 

strongly nonuniform and anisotropic system. Also 

the spatial derivatives on experimental and thus 

noisy data needs a special treatment. We use the 

Savitzky-Golay method which fits locally a 

polynomial function such that the derivatives can be 

performed analytically. In figure 1, resulting E-field 

(first derivatives) and space charge (second 

derivatives) distributions are shown for a specific 

case. Charges appear close to the SC/PE interface 

(few microns) with negative charge in PE and 

positive charge in SC.  

 

Figure 1: a) Electric field and b) charge density for 

a 50µm thick SC/PE/SC structure. Blue curve: 

profile along the dotted line. 

Conclusions 

KPFM and PF-QNM measurements allows us to 

characterize the SC/PE interface roughness and the 

contact charge density. Our approach will allow to 

determine the boundary conditions for field 

simulations and to gain new insight into physical 

phenomena at the electrode interface. 
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