Perspective
Volume 10:02, 2025

Journal of Nanosciences: Current Research

ISSN: 2572-0813 Open Access

Multimodal AFM: Combining Topography, Conductivity and
Mechanical Mapping in a Single Scan

Sanjivan Nayak*

Department of Materials Science and Engineering, University of California, Los Angeles, USA

Introduction

Atomic Force Microscopy (AFM) has evolved from a topographical imaging
technique to a versatile platform capable of simultaneously probing multiple
nanoscale properties. Multimodal AFM techniques now allow for the
concurrent acquisition of surface topography, mechanical characteristics, and
electrical conductivity in a single scan. This integrative approach enables a
comprehensive understanding of complex materials such as semiconductors,
polymers, and biological tissues. This article reviews the principles behind
multimodal AFM, describes technical implementations including PeakForce
QNM, Conductive AFM (C-AFM), and advanced scan modes, and presents
key applications in materials science and nanotechnology. Challenges, such
as signal decoupling, tip degradation, and environmental stability, are
addressed, and future directions for improving multimodal AFM performance
are discussed.

Description

Atomic Force Microscopy (AFM) has long been celebrated for its ability to
resolve surface features at the nanometer scale. However, modern research
increasingly demands more than morphology-it requires information about a
material's electrical, mechanical, and chemical properties as well. In response,
multimodal AFM techniques have emerged, enabling the simultaneous or
sequential mapping of several physical properties with nanometer precision. By
integrating electrical conductivity, adhesion, elasticity, and deformation into
standard topographic imaging, multimodal AFM transforms the microscope into
a high-throughput, multiparameter analysis tool. This is particularly valuable in
applications ranging from nanoelectronics to soft matter physics and biomedical
engineering. Multimodal AFM combines various imaging modes and detection
strategies. This can be achieved either by sequential mapping (switching
between modes) or by simultaneous detection using advanced tip-sample
interaction analyses.

Recent hardware and software innovations allow the synchronous
acquisition of mechanical and electrical data without compromising spatial or
temporal resolution. Map variations in conductivity due to doping or
degradation. lIdentify failure sites such as pinholes or grain boundaries.
Correlate structural and electrical characteristics at nanoscale resolutions.
Multimodal AFM allows researchers to understand how physical structure and
function intertwine in these systems. Using conductive and mechanical modes
in the same scan may accelerate tip wear or compromise measurements due
to contamination or changes in tip radius. Extracting meaningful data from
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overlapping mechanical and electrical signals can be difficult, particularly in
samples with heterogeneous or anisotropic properties. Humidity, temperature,
and contamination can influence both electrical and mechanical readings.
Liquid-phase measurements further complicate signal stability and probe
calibration. Multimodal mapping generates large, multidimensional datasets.
Effective data analysis often requires machine learning or advanced statistical
techniques to extract trends and correlations.

Automated calibration of probes for repeatability across scans. High-speed,
high-resolution data acquisition using advanced piezoelectric and feedback
technologies. Correlative techniques integrating AFM with spectroscopy (e.g.,
Raman-AFM, IR-AFM) and electron microscopy. Al-driven analytics for
classifying materials and identifying features from multimodal datasets.
Custom probe development for improved selectivity (e.g., functionalized tips
for specific ions, molecules, or electronic states). These advances will
enhance usability, reduce artifacts, and expand applications into fields like
smart materials, flexible electronics, and biosensing [1-5].

Conclusion

Multimodal AFM represents a major evolution in scanning probe
microscopy, enabling comprehensive nanoscale characterization of materials
by simultaneously measuring topography, mechanical properties, and
electrical conductivity. This integrated approach provides a multidimensional
view of materials that is critical for innovation in nanoscience and
engineering. Despite current challenges, rapid developments in
instrumentation, data processing, and probe technology are driving
multimodal AFM toward broader adoption in research and industry.
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