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Novel nano-electronic devices constitute currently the sole core of advanced technological applications. A wide 

range of nanostructures, spanning 2D materials (Graphene, MoS2, WS2…), semiconducting nanowires, high-K 

dielectrics and many others are very actively explored for the best technological outcomes. The quantitative local 

characterization of the electrical properties for these nanostructures plays therefore a key role in the fundamental 

and applied studies of novel materials. 

Here we present traceable quantified nanoscale dielectric constant measurements on piezoelectric lead zirconate 

titanate (PZT) thin films with relative permittivity r in the order of 400 over a 1 GHz to 6 GHz frequency range. 

This is done using a Scanning Microwave Microscope (SMM) consisting of an atomic force microscope (AFM) 

equipped with a conductive tip connected to a radio-frequency (RF) emitter/receiver of a vector network analyzer 

(VNA) [1]. This quantitative technique is currently used to determine the local impedance, capacitance and 

conductivity of nanostructures. 

The LNE’s SMM system integrates a microwave interferometer [2] allowing a better signal-to-noise ratio and 

more than 170 working frequencies in the range 0.5 GHz – 6 GHz (figure 1a). This gives access to a wider range 

of measurable impedances. The traceability to the International System of units (SI) is achieved by applying a 

modified Short Open Load (SOL) calibration method for the one-port VNA, using three known capacitance 

standards. The standards are established from a calibration kit composed of a large number of Metal-Oxide-

Semiconductor (MOS) micrometer-sized capacitors (ranging from 0.1 fF to 10 fF) fabricated on a single chip 

(figure 1b) [3]. The capacitance values and associated standard uncertainties were calculated from the highly 

accurate topographic images of the capacitors (electrode area, dielectric thickness) acquired on a second AFM 

system operating in tapping mode for accurate dimensional characterization. The capacitance calculations implied 

both analytical and finite element modeling approaches, taking the fringing field effects into account. 

Circular gold electrodes (different diameters) have been deposited on the PZT dielectric thin films forming 

capacitance structures. The samples were placed close to the calibration kit under the SMM system to preserve 

calibration data (figure 1c). The dielectric constant values were extracted from the capacitance measurements by 

using a least square adjustment (LSA) method. The smallest standard uncertainties achieved here are in the order 

of a few % in relative value (k = 1). 

 

  
 

 

Figure 1. a) Schematic diagram of the interferometric SMM setup. b) AFM topographic image of the calibration 

kit pattern with 48 capacitors. c) Calibration kit (Ref) and piezoelectric samples (DUT) under the SMM system.  
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