STEM-based thermal analytical microscopy
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It becomes timely important to perform simultaneous analysis of nanostructures and their physical properties,
such as electrical, mechanical, magnetic, optical, and thermal, in a scanning transmission electron microscope
(STEM). For example, in situ transmission electron microscopy (TEM) combined with a probing technique
using a dedicated TEM holder with piezodriven mechanics has revealed electrical properties of free-standing
individual carbon nanotubes [1], mechanical [2] and optical dynamic phenomena in various nanostructures
[3,4]. Besides, it is of prime interest to measure thermal properties and to observe thermo-induced
phenomena in nanoscale materials, e.g. heat-sink composites, thermoelectric materials, thermal diodes, and
so on. Especially, it is highly desirable to develop an advanced technique for simultaneous observation of a
given structure, e.g. its lattice defects, grain boundaries, and impurities which induce phonon scattering, and
measuring its thermal transport properties.
In this study we report on the development of STEM-based thermal analytical microscopy (STAM) (Fig. 1) by
combining nanoscale temperature measurements using the world-smallest thermocouple assembled in TEM
with a scanning heat input from a focused electron beam using the STEM mode in a 300 keV JEM-3100FEF
microscope. Non-magnetic constantan and chromel nanoprobes [5,6] for assembling a nanoscale
thermocouple were prepared by electrochemical etching. The diameter of the assembled thermocouple could
be controlled to be below 10 nm. As a model material we prepared a thinned TEM specimen made of CuFeS2
by using a focused ion beam. The specimen thickness was controlled to be uniform at about 300 nm. This
allows us to input a sufficient heat in it under a convergent electron beam, 20 nm in diameter, using the
STEM mode.
In order to measure the local temperature of a TEM specimen, the nanoscale thermocouple was attached to
its edge, as shown in a high-angle annular dark field (HAADF)-STEM image of Fig. 2. A STAM image during
thermal analysis was obtained by using an electron beam-induced heat scan at a constant current. STAM
image shows a two-dimensional temperature distribution map constructed by measuring generated
thermoelectromotive force acquired at point M where the thermocouple has been attached. In the
presentation, we will analyze the thermal transport within the sample and the data acquired under high
spatial and temperature resolutions.
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