Combining STM, AFM, and Magnetotransport Measurements for In-
Operando Studies of Quantum Materials

Joseph A. Stroscio
Physical Measurement Laboratory, National Institute of Standards and Technology,
Gaithersburg, MD, 20899, USA

Abstract: Research in new quantum materials require multi-mode measurements spanning length
scales and correlations of atomic scale variables with macroscopic functions. In this talk I describ
e the historical development of a multi-mode instrument achieving peV tunneling resolution wit
h in-operando measurement capabilities of scanning tunneling microscopy (STM), atomic force
microscopy (AFM), and magnetotransport inside a dilution refrigerator operating at 10 mK. I illu
strate the capabilities of this new instrument in the study of quantum Hall edge states in graphene
devices. The edge states, a set of alternating compressible and incompressible strips, are formed a
t the electrostatic pn junction boundary geometrically defining the Hall bar. To comprehensively
characterize these microscopic objects, we apply all capabilities of the new instrument using mod
alities of AFM, STM, and magnetotransport measurements at mK temperatures. The Kelvin prob
e force microscopy (KPFM) mode of AFM detects the chemical potential transitions when Landa
u levels are being filled or emptied as a function of back gate potential. With KPFM we can map
the dispersion of the Landau levels across the quantum Hall edge boundary as a function of densi
ty and spatial position, including resolving the v = +1 edge modes.
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