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Overview & Need:  Consumer electronics, innovative quantum technologies, and IoT applications all  rely on
semiconductors where reliable characterisation of electrical properties at the nanoscale is essential for European
innovation and competitiveness. Currently, Conductive Atomic Force Microscopes (C-AFM) and Scanning Mi-
crowave Microscopes (SMM) enable nanoscale electrical characterization but they are costly, complicated and in
many use cases not traceable. This project aims at making such measurements traceable, with stated uncertain-
ties and affordable by developing and testing cost effective instrumentation and first “out of lab” reference stan -
dards from DC to GHz. Robust calibration methods and guides using simplified uncertainty budgets will underpin
this effort. Micro- and nano-electronics are considered by the European Commission (EC) a Key Enabling Tech-
nology (KET) with high potential for innovation throughout the economy, enabling currently 10% of EU Gross do-
mestic product (GDP), and fostering highly skilled employment. A competitive advantage in the semiconductor
industry is gained through the exploitation of new materials and processes. This requires reliable nanoscale
characterisation of new materials and devices, particularly in terms of electrical parameters such as DC current,
DC resistance and high frequency admittance. These quantities finally translate to the speed of transistors and
processors, read/write memory access, secured data storage, and telecommunication applications, or to failure
analysis. They are also critical to the performance of sensors used in automotive, aerospace and healthcare, as
well as to power electronics and clean energy applications, which are crucial for the EC target of Green Manu-
facturing. Within this context, improved electrical nanoscale metrology has been clearly identified in the Nano-
electronics Standardization Roadmap by the International Electrotechnical Committee (IEC-TC113).

Objectives: The specific objectives are:
1. To develop and validate probes, measurement microwave electronics, and broadband impedance matching
procedures for GHz near field scanning microwave microscopes (SMM) and reference standards. 
2. To use the results from objective 1 to develop calibration methods for two eSPM techniques: C-AFM and
SMM. This should include the quantification of uncertainty contributions such as those that arise from the stan -
dards, from tip-sample interactions and those resulting from the measurement instrument itself.
3. To develop reliable 3D multi-physics modelling based on analytical or numerical approaches. This should also
include an investigation of the effects of the tip’s real shape and composition, and of the tip-sample electromag-
netic interactions, on the electrical measurement.
4. To establish simplified uncertainty budgets for the C-AFM and SMM techniques using the results from objec-
tives 2 and 3. 
5. To facilitate the take up of the technology and measurement infrastructure developed in the project by the
measurement supply chain in the micro- and nano-electronics sector (European industry, electrical scanning
probe microscope producers), standards developing organisations (IEC) and end users (NMIs and DIs, and aca-
demic and industrial R&D labs).
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